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INSTRUCTIONS GOVERNING THE CARE, PRESERVATION, STOWAGE, INSPECTION, 
AND TEST OF AMMUNITION.

1. Ordnance Pamphlet No. 4, published in accordance with article 74 of the Navy Regula­
tions, 1920, covers instructions governing the care, preservation, stowage, inspection, and test 
of service explosives and general information about ammunitions. No attempt has been made 
to go deeply into the general subject of ammunition materials, as the subject is too broad for 
general consumption. Officers seeking more detailed information should consult standard 
works on explosives, consulting the list compiled under the direction of the National Council 
of Research. For more complete information regarding dispersion, erosion, and interior ballis­
tics, consult ordnance pamphlets on these subjects. This publication supersedes Ordnance 
Pamphlets Nos. 20, “Service Explosives”; 368, Part II, “Marking of Ammunition”; 21, “Pyro­
technic Signal Material,” and all previous instructions regarding tests of service explosives. 
Practically all of the subject matter of chapter 26, Naval Instructions, 1913, is incorporated in 
this book, and in accordance with article 74 (&), of the Navy Regulations, 1920, still have the 
force and effect of orders from the Navy Department. This publication should be given a free 
circulation for the proper dissemination of information, so that due regard will be paid to the 
care, preservation, and tests of ammunition.

2. Shipment of explosives by freight or express must be packed and marked in accordance 
with the Interstate Commerce Commission Regulations for the Safe Transportation of Explosives, 
copies of which are on file at the various navy yards and stations, including naval ammunition 
depots. When it becomes necessary for a vessel to ship ammunition by freight or express, it 
is preferable to turn it in to an ammunition depot for proper packing, loading, and placarding, 
if such turning in is practicable, otherwise to the supply officer of a navy yard or station. Ship­
ment of explosives by mail is positively FORBIDDEN.

Attention is invited to the following works on explosives:
Nitro Explosives............................................................................................................................. Sanford.
The Manufacture of Explosives...................................................................................................  Guttman.
Explosives....................................................................................................................................... Marshall.
High Explosives............................................................................................................................. Cal ver.
Explosives................................................... . ..................................................................................Brunswig.

(in)
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AMMUNITION.

INSTRUCTION FOR THE NAVAL SERVICE.

Chapter I.

GENERAL INSTRUCTIONS.

1. The instructions contained in this Ordnance Pamphlet, promulgated primarily torai,ashore °a“ 
for the service afloat, shall be followed at all naval ammunition depots, naval mineafloat- 
depots, and other stations on shore, in so far as they are applicable.

2. The methods of caring for and handling ordnance material as set forth in—fOJordnance°ma^
(a) United States Navy Regulations and Instructions, and t,,rlal-
(&) Ordnance pamphlets

shall be closely followed.
3. Detailed instructions relative to any particular class of ordnance will be st®ectaM®^ In' 

found in the following publications:
(a) Ordnance pamphlets.
(&) Gunnery Instructions.
(c) Ship and Gun Drills.
(d) Landing Force Manual.
(e) Diving Manual.
(f) Navy General Orders, dealing with that particular subject.

When in doubt as to the meaning of any regulation or instruction concerning 
ordnance, an interpretation should be requested from the Bureau of Ordnance.

4. Commanding officers shall have on file a complete and up-to-date set ofnj™£ £ubik£ 
ordnance publications covering all ordnance material and ammunition on boardtlons-
the vessels under their command. Ordnance pamphlets may be obtained from the 
Bureau of Ordnance upon request, obtaining the pamphlet number from the index 
published as Pamphlet No. 0.

5. The exercise of the utmost care and prudence in handling, inspecting, testing, of
preparing, assembling, and transporting all kinds of ammunition and ammunition
details is enjoined upon all officers and other persons whose duties require cognizance 
over or actual handling of explosives during any of the above operations. Sub­
ordinates are liable to become careless and indifferent when continually engaged

(1)
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in work with explosives and, as long as nothing occurs, are inclined to drift gradually 
into a neglect of necessary precautions. Nothing but constant vigilance on the 
part of officers and others in charge will insure the constant observance by sub­
ordinates of the rules and regulations which experience has taught to be necessary. 
Safety precautions, rules and regulations for handling explosives should be made 
the subject for frequent instruction, and the necessity for strict compliance there­
with should be so firmly fixed on new men that they will invariably and subcon­
sciously do the proper thing thereafter. Attention should be especially invited to 
the fact that in the earlier stages of the use of explosives the experience gained has 
been at a costly price. No relaxation of any regulation should be tolerated, as 
this tends to induce an idea that the rules are arbitrary.

6. The use of placards and signs containing admonitory notices, serving as a 
constant reminder of the safety precautions, are sometimes condemned as having 
the effect of creating a fear of explosives, especially in new men. The use of signs 
is probably not so vitally required aboard ship as in shore plants, but their obvious 
advantages should not be overlooked.

f 7. Handling of ammunition shall be reduced to the minimum in order to 
prevent the occurrence of leaky containers, damaged tanks and cartridge cases, 
loosened projectiles, torn cartridge bags, etc., in order to reduce the chances of 
accidents. The number of men allowed in the vicinity of explosives should, as 
far as practicable, depending on the requirements of the operation, be reduced to 
the minimum for properly performing the work in hand. It frequently happens 
that unnecessarily large working parties%re assembled for handling live ammunition. 
Every effort and known precaution is taken to make ammunition safe in handling 
under all conditions, but this should not presuppose that an accident may not 
happen, and, therefore, unnecessarily subjecting the personnel to the effects of such 
is unwarranted.

■ 8. Of equal importance to be considered in the handling of ammunition is the
question of damage to containers. A study of smokeless powder shows how expos­
ing it to the air affects its stability in a very injurious manner. Powder tanks are 
so constructed that they will remain air-tight as long as the gaskets hold, hence, 
if care is observed in handling not to dent the body so as to open the seams, or to 
loosen the top rings or covers, and on periodic inspections to note that the gaskets - 
are holding up, one may be assured that the powder is properly protected from the 
atmosphere. In handling powder tanks, dents are frequently caused by the use 
of cargo nets, by rolling them along decks and over obstructions, by allowing the 
bodies or rings to strike projections when hoisting or lowering, or by dropping them. 
When powder tanks are opened for inspection, the gaskets and general air-tight 
condition of the tank shall be observed. It is impossible to give a standard method 
of handling tanks, but, in general, they shall be hoisted and lowered with care, 
carried along decks by hand or transported by truck.
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9. An armored cruiser turned in her service allowance of ammunition to a depot imaged con- 

for overhaul. While it was aboard the ship, the reports of surveillance tests ashoreta,ners- 
gave 50 days and on board ship about 60 days, showing that apparently the powder
was entirely satisfactory for continued use afloat for a number of years. During 
the overhaul, a number of leaky tanks were discovered and the tests on 
powder taken from them gave less than sir days surveillance test. The real danger 
to the safety of this ship and crew is apparent, but may be more fully realized when 
it is considered that the action of a deteriorating powder is progressive—that is, 
the presence of nitrous oxide fumes react to cause more molecules to breakdown. 
Carelessness on the part of the personnel resulted in the condition of these tanks. 
Many instances are on file in the Bureau of Ordnance where sister ships have turned 
in their service allowances for overhaul, one requiring practically no repairs and the 
other requiring most extensive repairs and loss of material. The investigation 
into the poor condition of one ship’s outfit disclosed the fact that the powder tanks 
had been transferred from ship to lighter by dumping them down a chute. The only 
explanation for such utter disregard of existing instruction can be found in the 
failure of the personnel to appreciate the significance of their carelessness.

10. Aside from the danger of leaky powder tanks, there are other serious condi-ch®r|ens,a g e t0 
tions which arise. The silk cartridge bag cloth is attacked by the nitrous fumes and
would soon impair the serviceability of the charges for loading. The rotting bag 
would burst, scattering powder grains with the resulting danger and delay. 
Powder in leaky containers will not only give different results from that 
predetermined on proof, but will give erratic results, to the serious inconvenience 
of fire control. The seriousness of permitting ammunition to deteriorate so that it 
would not only be ineffective but dangerous and erratic in battle should appear to 
every person who participates in the teamwork which produces the correct answer 
in battle, namely, “hits per gun per minute.” Smokless powder in leaky con­
tainers shall be landed at the earliest practicable moment after discovery, for re­
placement, unless a surveillance test shows it to be in normal condition, and the 
container can be repaired.

11. The greatest care shall be exercised in handling loaded and fused projectiles, pro’
A projectile which has been dropped from a height exceeding 5 feet shall be set aside
and turned in to an ammunition depot. Such a projectile shall be clearly marked 
to show its condition and shall be handled with the greatest care. Upon receipt at 
a naval ammunition depot it shall be unfused and the fuse scrapped. Fuses are 
designed and manufactured so that a fused projectile may be dropped without 
causing the fuse to function, but additional drops or the shock of firing may cause 
a fuse action. The new type nonfringing rotating bands which are being furnished 
to the service are very easily damaged. Careless handling will be ruinous to these 
bands. The ammunition depots are continually reporting projectiles received from 
ships with damaged rotating bands,
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con" 12. Empty cartridge cases, boxes, and powder tanks shall be handled and stored 
with care and shall be turned in to a naval ammunition depot at the earliest op­
portunity. To prevent deformation, cartridge cases, still hot from firing, should 
not be laid on their sides or roughly handled. Before stowing empty cartridge 
cases below, they shall be freed from all inflammable gases. This can best be done 
by inserting a lighted taper in each case as far as the bottom, thus setting fire to 
any inflammable gas, or by washing out the cases. As soon as practicable, they 
shall be thoroughly washed out with hot water and soap, dried, and repacked in the 
boxes or tanks in which they were supplied.

e r 13. Navy smokeless powder is manufactured to contain, in the finished grain, a 
standard percentage of “residual volatiles,” which is as low as practical considera­
tions will permit. Under normal conditions of storage, the volatiles will not become 
appreciably reduced. Futhermore, powder is packed at the factory, and charges 
are made up at the naval ammunition depots, under normal atmospheric con­
ditions as far as practicable to obtain a standard percentage of surface moisture. 
The charges for bag guns are issued in air-tight tanks and charges for case guns, are 
virtually sealed by cork composition devices or by the projectiles. The weights 
of charge are established by actually firing samples of the various indices under 
standard condition of volatiles, temperatures, etc., and it is most important, for 
ballistic reasons, that the powder undergoes no change in service thereafter. To 
insure this, those charged with its care shall see that the air-tightness of the contain­
ers is rigidly maintained. Powder exposed to the atmosphere will lose a portion 
of its residual volatiles, and on board ship will gain or lose surface moisture. While 
the changes may be counteractive, it is unlikely that they will exactly offset each 
other, therefore, the importance of keeping powder charges air-tight is to be con­
sidered on a par with that, for instance, of keeping the sights in condition.

of^hargeesature 1^. ^he “Pr0°f” powder, besides being held under normal conditions as re­
gards volatiles and moisture, is conducted with the powder at a temperature of 90° F. 
Variations in storage temperatures do not affect the regularity of the powder. 
Loss of stability, unless it has gone so far as to preclude retaining the powder 
on board ship, will not of itself affect ballistics if the other conditions are normal. 

sun.xposure t0 When smokeless powder is removed from magazines at naval ammunition
depots or on board ship for transportation, gunnery exercises, or other purposes, 
it shall not be exposed to the direct rays of the sun or subjected to other abnormal 
conditions of temperature. This prohibition applies equally to powder in bulk, 
in tanks, cartridge cases, ammunition boxes, or other containers. Whenever 
it may be necessary to transport smokeless powder ammunition in boats, or to 
take it on shore, as for boat-gun or field-gun target practice, it must be effectively 
shaded from the rays of the sun.

whei exposed to Whenever, in particular cases, [the terms of the previous paragraph have
sun- not been complied with, any ammunition which may have been exposed shall

be segregated, and shall, for purposes of tests, inspections, and reports, be regarded
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as a separate index; and, if on board ship, it shall be landed at a naval ammuni­
tion depot at the first opportunity, should there be reason to believe it has 
deteriorated.

17. If at any time smokeless powder be exposed to a temperature higher hl^pot®"rp®r‘°. 
than 100° F., a special report shall be made to the Bureau of Ordnance imme-tures- 
diately, explaining the circumstances in detail and stating the temperature and
the length of time the powder was so exposed.

18. Smokeless powder that has been wet from any cause whatever must be "et Pre­
regarded as dangerous for storage on board ship. Such powder must be com­
pletely immersed in distilled water (in which condition it is entirely safe), and
must be turned in to a naval ammunition depot without delay, where, upon receipt, 
it will be scrapped. Each container of immersed powder must be clearly marked 
to indicate its gross weight and the condition of such powder. In handling powder 
charges which have been wet, the smokeless powder shall be removed from the 
powder bags or cartridge cases, the smokeless powder then being cleaned by wash­
ing in water to remove any black powder residue, before finally packing in water,. 
The powder bags and ignition charges shall be thrown overboard. The condition 
to be avoided is shipping smokeless powder and black powder in a wet condition 
in the same container.

19. WhSre safety devices are provided for any form of ammunition, they safety devices, 
shall always be used in order to preclude any possibility of accidental discharge.

20. Service ammunition is supplied to ships for use in battle only. It is nl^ ®urlJ'icea""""’ 
not to be used for drill at the guns, instructionjof the personnel that requires open­
ing of charges or projectiles, for testing hoists or conveyors, or for similar pur­
poses, except upon express authority from the Navy Department. It shall be 
regarded as part of a vessel’s outfit, shall be kept distinct from the ammunition
issued for gunnery exercises, and shall never be expended in gunnery exercises 
without the authorization of the orders for gunnery exercises, or special instruc­
tions from the Bureau of Ordnance. Target practice ammunition may be stowed 
in the same magazine with service ammunition, but steps shall be taken to prevent 
the use of the latter in target practice. When service ammunition requires over­
haul, authority shall be requested to turn it in to an ammunition depot and obtain 
a replacement, unless the depot can complete the overhaul and reissue the same 
ammunition before the ship sails. A periodic overhaul is considered advisable 
about every three years, but this period is subject to wide variations depending 
on the condition of the charges, tanks, etc., circumstances under which stowed, 
and care in handling. The inspector of ordnance in charge of the ammunition inspection of 
i i ° -i • • i • ii-lij-l service ammuni-depot nearest the navy yard in which a ship is undergoing overhaul should betion. 

consulted and requested to have the service allowance of ammunition inspected 
to determine the requirements for overhaul and replacement, and to provide the 
data for a report on the condition to the Bureau or Ordnance, when requesting 
authority to turn it in. It is expressly forbidden for any ship to make additions 
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to powder bags. All ammunition is issued to the service in such condition that 
no work, except possibly tightening bag lacings, is required to be done on it pre­
paratory to firing. It is strictly forbidden to remove a fuse from a loaded pro­
jectile, as this is a very dangerous undertaking and shall be done only at ammu­
nition depots under special regulation, and when so ordered by the Bureau of 
Ordnance. Under no circumstances shall any person, except when carrying out 
explicit instructions from the Bureau of Ordnance, attempt to break down a fuse. 
Only regularly prescribed fuse setters shall be used for setting time fuses, and 
regular tools for preparing signaling and subcaliber charges and in breaking down 
and assembling charges for testing powder.

Uc^lir8eammuni- Special ammunition is put up and issued for gunnery exercises, called
tIon‘ target-practice ammunition, or else certain of a ship’s allowance of service ammu­

nition, is designated by the Bureau of Ordnance for that purpose. Such ammu­
nition, provided it is not live ammunition, may, when in the discretion of the 
commanding officer it becomes necessary, be used for instructional purposes, for 
testing hoists and conveyors, but not for drill at the guns.

unexpended”ar- The unexpended portion of target-practice ammunition as may have been
muiSt”on.ce *m’ issued* for a specific gunnery exercise or experimental firing shall be turned in as 

soon as practicable after such firing to an ammunition depot, preferably the one 
where it was prepared, unless additional firings are immediately authorized by the 
commander in chief or director of gunnery exercises. When such additional firings 
are ordered, the Bureau of Ordnance will be so informed.

Ucont°afineprs?per 23. After opening containers apd removing ammunition for firing, when not 
expended, care shall be taken to return it to the proper containers and not to 
obliterate the identification marks. Case ammunition repacked in tanks or boxes 
other than those designated to take it will result in damage to the ammunition. 
A case recently arose where a ship restowed some shrapnel in boxes not designed 
for it in such a manner that the time-percussion fuses were moved off safety, the 
water-tight caps cut, and the ammunition rendered useless and dangerous.

Drill primers. ^4., The Bureau of Ordnance supplies each ship having bag guns a number of 
drill primers, according to her allowance list. These drill primers are for the pur­
pose of testing firing circuits. With the exception of these, primers in excess of 
an allowance of 10 per gun per year shall not be expended except in actual firing. 
Drill primers, especially manufactured for the purpose, shall not be used for firing 
service charges except in case of emergency, as they are not designed to withstand 
the pressures. In addition to the primers especially manufactured for drill purposes, 
the following lock primers are designated and authorized to be used as drill primers: 
Simple percussion, simple electric, combination lock primers with magazine sealed 
with crimped ring, and any other primers the Bureau of Ordnance may specifically 
designate from time to time as drill primers. The use of service primers for con­
ducting fire-control drills is not permitted. Cases have occurred where ships have 
used up more than half of their service primers in preparation for target practice, 
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thus rendering a part of their service ammunition worthless until the supply is 
replenished.

25. After holding small-arms practice, the officer in charge of a rifle range (or, sman?aOrmslonma^ 
in cases where no officer has been specifically detailed in charge of the range, theterlal- 
officer in charge of the firing party) shall take steps to have all empty cartridge
cases, clips, bandoliers, and packing boxes carefully collected and boxed for landing 
at a navy yard at the first opportunity. Empty cartridge packing boxes may be 
used for boxing the empty cartridge cases, clips, and bandoliers. Every precaution 
shall be taken to see that no live cartridges are boxed -with the empty cartridge 
cases. To this end, it is directed that each box containing empty cartridge cases 
have a tag securely attached to the outside of the container with the officer’s name 
thereon under whom the packing was done.

26. The empty cartridge cases, clips, bandoliers, and packing boxes accruingsmaiSbarSmss"raOp 
from small-arms practice by the Navy or Marine Corps, shall, when turned in at amaterlal- 
navy yard, be held for such disposition as the Bureau of Ordnance or the Marine
Corps headquarters may direct. When a carload of this material has accumulated, 
a special report shall be submitted by the navy yard to the Bureau of Ordnance or 
to the Marine Corps headquarters, whichever may be concerned, requesting instruc­
tions regarding disposition.

27. Projectiles comprising the service outfit of ammunition shall not be altered je|^slee pr0‘ 
or disassembled on board ship, in any of their parts, without explicit instructions
from the Navy Department. They shall be kept free from rust, and the paint and 
lacquer shall be renewed when necessary. The old paint shall be removed before 
painting in order that the dimensions may not be increased by constant addition 
to it, and care shall be exercised that no paint is placed on the bourrelet. Pro­
jectiles for bag guns of 5-inch and 6-inch caliber are issued with their rotating bands 
protected by grommets. These shall be removed only when preparing for firing. 
Since the slings are likely to jamb the hoists, in case they are still in use, they 
should be removed before sending up the projectiles. When removed, grommets 
shall be returned to a naval ammunition depot.





Chapter II.

SAFETY PRECAUTIONS.

1. The safety precautions are explicit and allow no recourse except positive e preCa°J 
compliance. It is difficult to cover every possible emergency which may arise and tlons- 
which, if improperly handled, may result seriously. An attempt should be made
in carrying out the safety precautions to grasp the ideas on which they are based 
so that, under circumstances not known at the time of their promulgation, the proper 
action may instinctively be taken. .

2. As a matter of precaution, persons working with explosives shall have no tlcF1es.bldde" ar' 
iron, steel, or articles of a combustible nature about their persons. Matches are
a source of great danger and should never be permitted around explosives. Smoking 
should not be permitted during firing or when magazines are open and powder 
exposed. Particular attention shall be paid to avoiding the making of sparks from 
contact of steel on steel, especially with black powder present. Black powder is 
the most dangerous explosive used in the Navy, and the one most likely to cause 
accidents.

- 3. A red flag shall be hoisted and kept flying whenever explosives are being Red nag. 
handled. All boats and vehicles carrying explosives, except artillery pieces, shall 
carry a red flag.

4. The safety orders regarding magazines and ammunition are quoted here­
with, articles 972, Navy Regulations, 1921.

“5. Copies of all safety orders shall be kept posted in conspicuous places easy Safety orders, 
of access to members of the crew, and all members of the crew concerned shall be 
frequently and thoroughly instructed in them.

“ 6. The attention of all officers is invited to the necessity for the continuous dl£^e J^muni- 
exercise of the utmost care and prudence in the handling of all kinds of ammunition tlon- 
and explosives.

“1. Conditions not covered by these safety orders may arise which, in the 
opinion of the commanding officer, may render firing unsafe. Nothing in these 
safety orders shall be construed as authorizing firing under such conditions, or as 
preventing the commanding officer from issuing such additional safety orders as 
he may deem necessary.

“8. When in doubt as to the exact meaning of any safety order, an interpre-^intewretation 
tation shall be requested of the Bureau of Ordnance.

“9. No naked light, matches, or other flame-producing apparatus shall ever Magazines, 
be taken into a magazine or other compartment containing explosives of any kind.

(9)
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“ 10. All explosives shall be removed from a compartment in or adjacent to 

one in which it is intended to use an oxyacetylene cutting or welding torch or any 
similar appliance.

“11. Magazines shall be kept scrupulously clean at all times. Particular 
attention shall be paid that no oily rags, waste, or any other materials susceptible 
to spontaneous combustion, are stored in magazines or other compartments cqji- 
taining explosives of any kind.

“12. Drill charges for bag guns soon become covered with oil and grease, 
and it is strictly forbidden to store such charges in magazines or other compart­
ments containing explosives.

“13. Nothing shall be stored in magazines except explosives, authorized con­
tainers, and gear which is actually used to assist in handling ammunition.

Ammunition. “11. Case ammunition, loaded and fused projectiles, or smokeless powder 
charges, will never be used for drill. This does not prohibit the fitting of case 
ammunition in a gun previous to firing, provided the firing pin has been removed 
and the electric firing circuit has been completely disconnected.

“ (a) No ammunition, or other explosive, shall be used in any gun, or appliance, 
other than the gun or appliance for which it is supplied.

“ (6) During the firing no ammunition other than that immediately required 
shall be permitted to remain outside of the magazines.

“ (c) In ships fitted with magazine flap doors, only such magazine flap doors 
as are being used to supply charge shall be open, the flaps, in all cases, being down 
except during the time of actual passage of the sections of the charge through the 
door.

“ (d) Where powder is sent up to the guns from the magazines in bags and not 
in metal containers, there shall not be removed from its tank, nor shall the top of 
the tank be left so loosened as to expose the charge to flame, at any time for the 
gun or guns being supplied, more than one charge each in every one of the stages 
of the ammunition train. This does not apply where ammunition chain hoists 
are used, as in this case the hoists may be kept filled.

F“nner> exer’ 1‘ 15* At gunnery exercises there may be assembled on deck no more than the 
necessary allowance of ammunition for the intermediate or secondary battery guns 
that are to fire on the next run; but no charge for a bag gun shall be removed 
from its tank, nor shall the top of the tank be left so loosened as to expose the charge 
to flame until immediately before the charge is required for loading. For case 
guns, the allowance required for the gun or guns that are to fire on the next run 
may be removed from the boxes.

Ammunition “ (a) When an ammunition supply test is made, the ammunition used therefor 
will be that authorized for gunnery exercises unless the order for the test authorizes 
the use of service ammunition.

Loading tracer " (j) jn loacling projectiles fitted with tracer fuses, care shall be taken not to 
strike the tracer mouth cup of the fuse, as such a blow involves danger of igniting 
the tracer and thereby an exposed powder charge in the vicinity.
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“ (c) Under no circumstances shall the material of powder bags be added to Powder ba&s- 

without authority. Should it be necessary to stiffen the charges, additional cloth 
or tape shall not be used, but the lacing shall be tightened. If the powder bag be 
badly injured, it should be replaced by a new one from the spares on hand.

"16. Only blind projectiles shall be used for subcaliber practice. prlcVceaproje’c-
"17. Service primers shall not be previously loaded in the lock except as may tn^adlng. serv. 

be necessary to test the fit of the primer. lce prlmers-
"18. Fuses shall not be removed from loaded projectiles, except at naval fn®* 

ammunition depots, until explicit instructions are received from the Bureau of 
Ordnance.

" (a) Any loaded and fused projectile which may be accidently dropped in 
service from a height exceeding 5 feet should be set aside and turned into a naval 
ammunition depot at the first opportunity. Such a projectile should be clearly 
marked to indicate its condition and should be handled with the greatest care. 
Upon receipt at the naval ammunition depot it shall be unfused and the fuse 
scrapped.

" (6) With one or two exceptions, the fuses in minor caliber projectiles are 
armed by setback instead of centrifugal action. Care must be used to avoid tap­
ping or otherwise striking projectiles fused with minor caliber fuses. This is par­
ticularly applicable to attempts to loosen projectiles in the cartridge case by re­
peated light blows of a hammer or mallet.

"19. Gunnery and division officers shall see that the special fittings and de- de^®e"f speclal 
vices installed for purposes of safety are in good condition and operative at all times.

"20. It is unsafe to fire guns that have a constriction of the bore due to steel. 1I1CborsetrIctlo“ 
Such a constriction may be caused by gun liners overriding the retaining shoulders. 
It usually appears in the form of a ring in the immediate vicinity of the liner shoulders 
near the muzzle, and can usually be seen immediately after cleaning the guns by 
looking through the bore toward a strong light, the observer moving his point of 
vision around the end of the bore. The constriction will appear as a ring of light 
and shadow, and if such is found will be immediately reported to the Bureau of 
Ordnance. A study of the general arrangement drawings will show the position 
where such constrictions are most likely to occur.

"21. A circle shall be painted on the deck to indicate the limiting position of cir'(v|e° r k 1 n s 
the breech of the gun on recoil, and the gun crew shall be instructed how to keep 
clear.

" (a) Marks or indicators shall be provided to indicate if the gun returns to 
battery and a member of the gun crew shall be detailed to observe these marks or 
indicators after each shot. The service of the gun shall be stopped should the gun 
fail to return to battery.

"22. In preparing a battery for firing, the division officer shall assure himself foPrepara“ 0 “e® 
that the tompion is removed from each gun, that the bore is clear, and that the gas ™*ai of ’tom­
ejecting system is working satisfactorily.
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“23. Before the firing of any gun, other than for saluting, the commanding 
officer shall require a report that the recoil cylinders have been inspected and filled 
in the presence of the gunnery officer.

(a) After filling recoil cylinders not fitted with expansion tanks, the amount of 
liquid necessary to allow for the expansion of the liquid due to heat shall be with­
drawn.

“24. The salvo latch shall be removed from or made temporarily inoperative 
on any gun used for drill, and shall be replaced or made operative before such gun 
is fired. Where no salvo latch is installed, effective measures shall be taken during 
firing to guard against opening the breech of a loaded gun.

“25. Whenever the guns of a vessel are being fired, the fire hose shall be led 
out as at fire quarters and pressure shall be maintained on the fire main. This does 
not require water to be running through the hose.

■s “26. When engaged in gunnery exercises with director fire, an observer shall 
be stationed at one of the sight telescopes of each broadside gun or turret and shall 
cause the firing circuit to be broken in case the gun or turret is trained dangerously 
near any object other than the designated target.

bag “21. Especial care shall be exercised to see that all sections of powder charges 
are entered in the chamber with the ignition ends toward the breech, and that the 
rear section is touching the face of the breech plug when closed. The other sec­
tions shall be placed as far forward as possible.

pow- “28. If a powder bag is broken while loading to the extent of allowing powder 
grains to fall out, the command “silence” shall be given and the loose grains shall 
be gathered up. If it is impracticable to place the charge in the gun, it shall be 
sent out of the turret and be completely immersed in water.

“29. The mushroom of every bag gun shall be wiped after each shot with a 
sponge or cloth dampened with fresh water.

1 n g “ 30. The sponging of case guns is not necessary, but before storing empty car­
tridge cases below they shall be freed from inflammable gases.

of “31. The priming of a bag gun while the breach plug is open is forbidden, and 
the breech plug shall be closed and locked before the primer is inserted in the firing 
lock, except in a gun in which the wedge block containing the firing pin is arranged 
to operate automatically by the functioning of the breech mechanism, in such 
a manner that the firing pin can not be brought opposite the primer until the breech 
plug is closed and locked.

“ (a) When priming locks of the sliding-wedge type, special care should be 
taken to insure the primer being pushed in beyond the primer retaining catch to 
prevent the primer coming out or being sheared off by the operation of the wedge 
in closing.

' “32. The breech plug of a gun shall never be unlocked or opened while there
is a live primer in the lock.
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“ (a) If a firing lanyard is used, it shall never be hooked to the trigger of the ^“rd0/ ftrlng 

lock until after the breech plug has been closed and locked and the gun primed. 
The lanyard shall be hooked just before cocking the lock. •

“(b) The breech plug shall never be unlocked or opened while the lock is bree“h.0 c k 1 n s 
cocked or while the lanyard is hooked to the trigger.

“ (c) When the order ‘ Cease firing’ is given, loaded guns must be put in such Cease #rll,g- 
condition as to render accidental discharge impossible. This necessitates for bag 
guns the removal of the primer and for case guns the removal of the case. If a 
crew leave a gun at any time, the gun shall be left in the condition of cease firing.

"33. Every possible precaution shall be taken to prevent a gun from being breech.c k 1 “ g 
fired when the breech plug is swung home but not fully rotated and locked. Acci­
dents from this cause are likely to happen with screw breech mechanisms fitted for 
percussion firing. Where the lock is operated automatically, the automatic func­
tioning of the lock shall not be interfered with in any way. If a gun be fitted for 
electric firing with the contacts so arranged that the plug must be fully rotated 
before the firing circuit can be closed, it is not possible for any accident of this kind 
to happen by electric firing, but it is still possible by percussion firing.

“34. As soon as a gun is loaded, the breech shall be closed without delay.
“ (a) When a gun which has been fired is still warm when reloaded and it later warm gun.d 1" f 

becomes necessary to remove the charge, the gun need not be fired but should be 
unloaded, provided no attempt has been made to fire the gun. If such attempt 
has been made, proceed as for hangfire. When it is apparent that the service of 
the gun will not be resumed within a reasonable time, the smokeless powder involved 
will be completely immersed in distilled water and kept in that condition until 
turned in to a naval ammunition depot at the first opportunity.

“ (b) When it becomes necessary to unload a gun which has not been warm atco^1u"adlng 
any time while loaded, the following will be observed: If a case gun, the cartridge 
will be carefully examined, and if found in good condition, it may be returned 
again to the magazine; if not in good condition it should be broken down and the 
powder treated as stated in paragraph 34 (a) above. If a bag gun, the charge 
should be most carefully examined. If found dry, free from grease and in good 
condition, it may be sent back to the magazine; if slightly greasy, the charge should 
be rebagged on board ship if spare bags are available; if such bags are not available, 
or if grease or moisture has in any way gotten into the powder, the charge should be 
completely immersed in distilled water and treated as directed in paragraph 
34 (a) above.

“ 35. There is a possibility of firing primers prematurely by the force exerted tnre.lraer pren,a‘ 
by the firing pin on the primer plunger due to successive closings of the Mark XIII, 
Mod. 1, firing lock on the same primer. Each slight pressure of the firing-pin con­
tact point tends to move the primer plunger forward, and firing by percussion may 
result from the progressive movement.
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Care In priming.

Projecting Ing pin.

Broken pin.

Defective Ing pin.

re‘ “ (a) This is most likely to occur when repriming the gun without opening the 
breech plug, as the firing lock works much quicker and more violently by hand than 
is possible when working in conjunction with the operation of closing the plug.

iock?s*ns flr*ns “ ® The design permits the closing of the lock without subjecting any member 
of the crew to danger from the recoil of the gun. If the lock operating handle can 
not be safely reached by hand a suitable tool should be employed to close the lock. 

' "36. No force greater than that which can be applied by the hand alone shall
be used in loading a cartridge case into a gun. Any cartridge case that does not 
freely and fully enter the chamber of the gun under the influence of the force of the 
hand alone shall be carefully extracted and put aside. It shall be properly marked 
to indicate its condition and shall be turned in to a naval ammunition depot at the 
first opportunity.

"37. In every case gun, except those of the sliding-wedge type, the breech plug 
shall not be closed until the gun captain is assured by actually feeling that the front 
face of the plug is in normal condition and that the firing pin does not project beyond 
the face of the plug.

firing “ rphe janger of a broken firing pin point or of the fusing of metal on the 
face of the breech plug, due to a primer blowback, shall be constantly borne in mind.

B flr' “ (6) As the firing pin of every concentric screw breech mechanism is directly 
in rear of the primer when the plug is closed but not rotated, the utmost care shall 
be taken to insure that the firing pin and all parts are in good condition, as the 
failure of a part of the mechanism might permit the firing of the gun before the 
plug is rotated.

pin.°nslns flrl“s “ (c) a case breech mechansim having the firing pin held in position by a 
cotter pin, similar to the 5-inch Mark V mechanism, the cotter pin shall be in 
place at all times, in order to prevent the firing pin from losing its housing. If 
the firing pin be not housed, a premature explosion is apt to occur.

of “ (d) In all case guns, when live ammunition is being tested, the firing pin shall 
be taken out.

"(e) No case gun shall be fired with a breech mechanism in which the firing 
pin is not completely housed.

Gas ejection. a ^bere is an inflammable gas present in the chamber of a gun after
firing which, under certain conditions, may constitute a danger by igniting the 
powder charge which is to be used for the next round, the following precautions 
shall be observed: •

“ (1) Bag guns fitted with approved type of gas ejector which is in good con­
dition shall not be reloaded until a member of the crew, whose duty it is to look 
through the bore, has been assured himself that the bore is clear and has announced 
‘ Bore clear,’ either by voice or by approved signal, such as a whistle, gong, or horn.

"(2) Until the 'Bore clear’ signal above described is given, powder shall not be 
exposed closer than 4 feet from a gun not mounted in a turret. In turrets fitted 
with ammunition cars, the car shall not be brought above a horizontal plane 6 feet 

Removal firing pin.
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below the axis of the trunnions until the 'Bore clear’ signal is given. In turrets 
fitted for hand passing powder, the powder shall not be exposed in the turret cham­
ber nor shall the flame seal, shutter, or flap between the turret chamber and the 
next stage in the powder passing train be opened or unlocked until the 'Bore clear’ 
signal is given.

“(3) In turrets not fitted with bulkheads between the guns, the 'Bore clear’ 
signal to the turret crew shall not be given until the guns which have been fired 
and whose breech plugs have been opened are reported clear, when one signal to 
the entire turret crew shall be given.

“ (4) Bag guns not fitted with approved type of gas ejector and which permit 
using the combined sponge and rammer shall have the shell rammed home with 
the combined sponge and rammer dampened with water, and until this has been 
done the same restrictions on exposure of powder as above laid down before the 
‘Bore clear’ signal shall be enforced.

" (5) Bag guns not fitted with an approved type of gas ejector, or those with 
gas ejector out of order and which do not permit using the combined sponge and 
rammer, shall not be loaded until sufficient time has elapsed for the gases in the 
bore to dissipate, and the ‘Bore clear’ signal must be given. The same restrictions 
on exposure of powder as given above shall be enforced.

“ (6) The above precautions do not apply to case guns.
“39. The possible danger of a serious accident due to opening the breech Misfire, 

plug of a gun too soon after a failure to fire demands the constant exercise of the 
utmost prudence and caution whenever such a failure occurs.

“ (a) Whenever an attempt has been made to fire and a gun fails to fire, a Hailsfire- 
hangfire shall be regarded as probable. No distinction shall be made between a 
misfire due to the failure of a primer to ignite and a misfire due to a failure of a 
charge to ignite after the primer fired, until it is known if the primer failed to fire.

“ (1) In pointer fire extract the primer and examine it to see if it exploded.
“ (2) In director fire determine if firing circuit was fully closed. If found 

fully closed remove and examine primer to see if it exploded.
“ (&) Except in action, whenever a misfire occurs in a gun an interval of atm»®1r^ after 

least 30 minutes shall be allowed to elapse after the last effort to fire the gun before 
the breech plug is opened, except when, in the case of a gun using a lock primer, 
an examination of the extracted primer shows it did not fire. In such a case there 
is no danger of a hangfire, and the foregoing rule need not apply. In case of mis­
fire in field and landing guns on shore, an interval of 10 minutes shall be allowed 
to elapse after the last effort to fire the gun before the breech plug is opened.

“(c) Nothing in this article shall be construed as discouraging possible efforts cf-
to fire the gun which do not involve opening the breech plug. In bag guns the 
primer shall be removed (using an appropriate tool in older to avoid the danger 
of being struck by the recoil or of injury from a blowba ck), and a new one inserted

28015—24------ 3
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Misfire lu battle.

Dlspos 111 o n after misfire.

Unloading after misfire.

and fired, using either electric or percussion.mechanism, as seems most desirable, 
and these efforts shall be continued as long as there is a reasonable chance of firing 
the gun. In case guns efforts to fire shall be continued as long as there is a 
reasonable chance of firing, either by electricity or percussion, or by both, when 
such efforts do not require the breech plug to be unlocked or opened.

“ (d) When possible chance of serious danger due to a misfire may be over­
balanced by the more important consideration of battle, the battery or turret officer 
may, at his discretion, open the breech plug without waiting as required in para­
graph 38 (3) above.

“ (e) If, after removal from the gun, an inspection of the cartridge case shows 
that the primer has been struck by the firing pin, or in case the misfire occurred 
in a bag gum, the charge will be treated as prescribed in paragraph 37 above.

“ ('/) In any case the gun while loaded must be kept pointed so that its acci­
dental discharge will do no damage.

“(g) When a gun is being unloaded after a misfire, in accordance with these 
safety orders, all unnecessary members of the gun crew shall be dismissed from the 
vicinity of the gun and the unloading shall be personally supervised by the division 
officer.

Elevation of antlalrcra ft guns.

Morris tube.

“40. Unless otherwise specifically authorized, antiaircraft guns on board ship 
shall not be fired during gunnery exercises or test firings at elevations greater than 
80°, on account of the erratic character of trajectories at high angles of elevation.

“41. No Morris-tube practice shall be held without an efficient bullet catcher 
securely attached to the muzzle of the gun or„otherwise suitably secured in the line 
of fire of the small rifle.”

Steamlug out oil tanks.

Uuauthoriz e d use of maga­zines.

Ready -service magazines.

Unloading case guns.

42. The following additional interpretations should be placed on certain of 
the above-quoted orders:

(a) The removal of ammunition from a magazine should be effected when 
adjacent compartments are steamed out, or when the temperature is increased above 
100° F. for any other reason. See paragraph 9.

(&) The use of magazines not required for storage of ammunition shall not be 
diverted to other uses except on authority from the Navy Department. Cases have 
occurred where inflammable materials have been stored in empty magazines sepa­
rated by a bulkhead only from a part of the ship’s service allowance.

(c) When ammunition is stowed on deck in ready service magazines adjacent 
to the guns, care should be exercised to see that it is not exposed to the sun or to 
high temperatures. When the temperature in a ready service ammunition box 
reaches 100° F., the ammunition shall be removed or steps taken to reduce the 
temperature below 90° F. as though the ammunition was in a regular magazine.

(d) When a live cartridge has been unloaded from a case gun, if found not in 
good condition, it shall not be thrown overboard, but shall be broken down, the 
powder immersed in distilled water and the disassembled round turned in to an 
ammunition depot. See paragraph 34 (a).
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(e) Primers which fail,to fire or which appear to be in bad condition when a Defective 

box is opened shall be segregated and turned in to an ammunition depot for investi- primers- 
gation.

(f) With a bag gun after a misfire the powder shall be removed and immersed immersing 
in distilled water. Before immersion the powder in water, the powder bags shall be water, 
opened and the powder dumped in a water-tight container, and water poured on it 
sufficient to cover the powder. The powder bags with the ignition charges will be
thrown overboard. With a case gun the cartridge shall be broken down, if the 
inspection shows that the primer has been struck by the firing pin, and the powder 
immersed in distilled water.

(ff) When powder has been immersed in water it shall be frequently inspected 
to see that all is covered and additional water added to insure this.





Chapter III.

DEFINITION AND HISTORY OF EXPLOSIVES.

1. The term explosion is very broadly used to define a bursting with great se1.°“ an<1
violence and loud noise, thus covering many occurrences resulting from the action .
of other substances than those known as explosives. The most important effect 
of an explosion is a rise in the pressure in the surrounding medium. Although an 
explosion results from the rupture of a cylinder filled with gas under pressure, the 
gas is not considered an explosive substance as the action produces a fall in pressure. 
An explosive substance, on the contrary, produces a rise in pressure. Marshall 
defines an explosive as follows:

“A solid or liquid substance or mixture of substances which is liable 
on the application of heat or a blow to a small portion of the mass, to be 
converted in a very short interval of time into other and more stable sub­
stances largely or entirely gaseous. A considerable amount of heat is also 
invariably evolved, and consequently there is flame.”

It is characteristic of an explosive that when the explosion occurs it is always 
accompanied by a chemical transformation. "Explosives have also been defined as 
substances whose atomic groups are in unstable equilibrium.” ("Explosives,” 
Brunswig, Munroe & Kibler.)

2. There are three important conditions to be fulfilled by an explosive sub-anCe“piosion.for 
stance; first, to produce large quantities of gas; second, to liberate heat; and third,
to accomplish these two conditions in a very short space of time. If gases are 
evolved slowly, they are dispersed ’without causing any noticeable increase in pres­
sure, such as happens when oil, for instance, is consumed in the ordinary way. 
Yet petroleum has 30 times the latent power of fulminate of mercury. A chemical 
reaction may liberate large quantities of heat such as is the case with thermite, yet 
not evolve gaseous products, hence it can not be classed as an explosive substance. 
It is therefore essential that pressure result from the sudden decomposition of an 
explosive substance. The volume of gas evolved is so great compared with the 
original mass that a sudden pressure results, expending the energy released in the 
surrounding medium, manifesting itself in the disruptive phenomena accompanying 
an explosion.

3. The chemical transformation taking place in an explosive reaction is an ac^P|osive rc- 
oxidation process of a kind which liberates heat, i. e., an exothermic reaction. If
heat were not liberated, the absorption of energy due to the work done by the 
explosive would cool the’explosive and slow down the reaction until it ceased, unless 
heat were supplied from without. Once the reaction is started the heat liberated

(19)
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tends to propagate the explosion. An explosive substance may be considered as 
containing a certain amount of latent chemical energy, which is released on de­
composition in an almost instantaneous oxidation process. This means that the 
substance must contain sufficient oxygen to combine with the other elements to 
form the gaseous products. Carbon and hydrogen are the elements the oxygen 
reunites with to form water, carbon dioxide and carbon monoxide, depending on 
the amount of oxygen present. The oxygen is not combined with the carbon and 
hydrogen until the reaction occurs, but is present either as a separate compound, 
as in the saltpeter in black powder, or combined in a single compound, as in a nitro 
explosive in which the nitro radicals act as the oxygen carriers. This distinction in 
the method of supplying the oxygen divides explosives substances into two classes: 

mixture1 °s and Explosive mixtures, consisting of distinct substances mechanically mixed together, 
compound. axid^explosive compounds, which are of definite homogenous chemical constitution, 

each molecule having the elements necessary for combustion. As a rule few explo­
sives have sufficient oxygen present to oxidize all the carbon to carbon dioxide, but 
when they do, a very high temperature results, as may be seen from the following. 
If 12 grams of carbon unite with 16 grams of oxygen to form 28 grams of carbon 
monoxide, 29 large calorics of heat are liberated. If 12 grams of carbon unite with 
32 grams of oxygen, then 97 large calorics of heat are liberated. This influence of 
the products of combustion on the power of explosive substances is shown by the 
difference between nitroglycerin, which has an excess of oxygen (more than is 
required to convert all the carbon to carbon dioxide), and nitrocellulose, which has 
a deficiency of oxygen such that only small quantities of carbon dioxide are formed. 

sl Heat of expio- It might be supposed that the quantity of heat given off by an explosive is
large, but this is not the case, as is shown by the following table giving the relation 
of certain articles to each other with reference to the amount of heat given off in 
combustion.

Petroleum.............................................................................................................................. 30
Coal........................................................................................................................................... 20
Wood........................................................................................................................................ 8. 75
Nitroglycerin........................................................................................................................ 4
Fulminate of mercury...................................................................................................... 1

Explosives appear to contain more energy for the reason that they have the 
property of releasing their energy in an extremely short space of time—that is, the 
velocity of explosion or the rate at which the effects of the reaction are trans­
mitted from layer to layer is very great. Although the quantity of gas and heat 
evolved affect greatly the power of an explosive, the rate at which they are given 
off is of prime importance. This rate is measured by taking the time the explosive 
wave requires to travel a known distance in a tube in which the explosive has been 
packed.

sensitivity. 5, sensitivity of an explosive is an important property. The substance
must be “safe” until the impulse is applied to start the reaction. If the atemic 
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groups are in such an unstable equilibrium that the reaction starts spontaneously, 
or in response to a slight blow, the substance can have no practicable application. 
Explosives vary in the strength of the impulse required to cause them to explode. 
Some are exploded by the slightest touch; others, such as fulminate of mercury, 
require a moderate blow or a flame, and others require a very violent blow and can 
not be exploded in the open by a flame. It was originally considered that the 
power of an explosive was measured by the sensitivity and that the most powerful 
explosives were quite sensitive; but now, in the light of modern investigation, it is 
found that insensitive explosives are quite powerful and that the safest explosives 
are those which under ordinary circumstances require a detonator to initiate the 
reaction. Of these explosive “D” and T. N. T. are examples.

6. Explosives can not be classified definitely from their chemical constitution, of explosives!011 
by the gas evolved or the heat liberated. Consequently, they are classified by the
speed of the chemical change. If the velocity of explosion can be controlled after 
the reaction starts, the explosive is classed as a propellant, i. e., for use in eject- -
ing a projectile from a gun. One not in this class is termed a "high explosive.” 
A propellant is sometimes termed a low explosive and is one which burns relatively 
slowly and permits of initiating the action by flame. When an explosive requires a 
powerful agent, such as fulminate of mercury, to start the reaction, but which when 
once started proceeds at a high rate, it is considered a “high explosive.” The 
latter have a powerful disruptive action. The velocity of explosion for a smokeless 
powder is about a meter per second, for black powder about a few hundred meters 
per second, and for high explosives several thousand meters per second, depending 
on the conditions under which the reaction occurs.

7. From the above it may be judged that the difference between a propellant 3^™^ Jxap?0^ 
and a high explosive can not be sharply drawn. In fact, until nitroexplosives cames,ve- 
under investigation, there was no need of such a distinction, as black powder was
the only well-known explosive substance and was used both for propellant and 
blasting purposes. It would be possible to use any explosive for propellant pur­
poses if the velocity of explosion could be controlled. Investigations along this 
line caused the development of smokeless powder as we know it to-day, for nitro­
cotton, when attempts were made to use it as a propellant charge, did considerable 
damage to the guns. However, when it was found that when this high explosive 
was dissolved in ether and alcohol the colloid resulting burned instead of detonated, 
a revolution in the propellant explosives industry began. The number of chemical OfBanq“xpiosive! 
compounds which can be so treated as to permit control of the velocity of explosion 
is verj^lmall, and is still more limited by the fact that the substance in its final 
state must not only be efficient ballistically, but must be safe in use, easy to handle, 
and stable under varying conditions of storage, and also remain in a stable condition 
for protracted periods of time. When selecting an explosive, it is necessary to 
consider the ease and safety of manufacture and use, the cost, the sensitivity, the 
power, the stability, and the temperature of explosion.



22
Early history. 8. Various attempts have been made through search of the works of the four­

teenth and fifteenth century writers to determine with some degree of certainty the 
early history of gunpowder and its use in military operations. Due to the inaccura­
cies of the manuscripts, the fanciful style of many writers of that day, and to the 
errors in translation and loose use of terms, not only is it impossible to name the 
inventor, but it is also a matter of conjecture as to which nation belongs the credit 
for its invention. It seems most probable that gunpowder as used in the four­
teenth century was the result of the gradual development of the substance known 
as “Greek fire” and “wildfire” by the addition of saltpeter when this substance 
was found to have the property of deflagrating with burning bodies.

Greek Are. ’ 9, In ggg p , in jefense of Constantinople, a mixture thought to contain
sulphur, pitch, resin, etc., was discharged from a tube or siphon somewhat after the 
manner of modern flame projectors. The tubes were mounted in the bows of the 
Greeks ships and destroyed the enemy by directing a burning stream of liquid fire at 
them. The secret has not survived the ages, but a similar substance appeared at a 
later date, about the time of the sixth crusade, as “wildfire.” In this, sulphur, 
naphtha, pitch, and saltpeter, in a semisolid mass, was ignited and thrown by 
ballistae in land warfare.

biack powder. °f From the hest authorities it appears probable that the Arabs about 1280
A. D. used mixtures similar to gunpowder by substituting charcoal for the naphtha, 
and that about 1313 A. D. the gun for the use of black powder was invented by a 
German monk named Schwarz. The use of gunpowder was not extensive at first, 
as its employment was not in accord with the chivalrous sense of the times, but 
when it finally was adopted its use spread rapidly, resulting in improvements in 
thanufacture and rapid development of powder-making machinery. It was 
restricted in use in the early stages, as it was prepared as a fine powder, and con­
sequently was suitable only for u$e in small arms, but in the sixteenth century 
the French began to grain it and classify it according to size, so that it could be 
used in various sizes of guns. In the seventeenth century its use was adapted to 
the blasting of rock for getting out minerals.

ofbilckpowde/ Until a few years ago gunpowder was the only propellant in use for fire­
arms. During the long period since its introduction it has changed but little in 
its ingredients, though many changes have been made in methods of manufacture 
and in its final form. By the introduction of rifled cannon and the increase in 
pressures for large ordnance the necessity for controlling the rate of combustion 
became apparent. General Rodman, United States Army, in 1860 inaugurated 
the method of pressing the powder into different size grains and later of controlling 
the rate of burning by perforating the grain, thereby improving the ballistic 
qualities. The next change was the introduction of charcoal from rye straw which 
resulted in the brown or cocoa powder, so named on account of its color. This 
improvement gave a denser grain, more suitable for heavy guns as it burned more 
progressively. In 1882 guns had increased to 16 inches in diameter in the British 
Navy.
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12. During the nineteenth century a great development in explosives resulted 0 c 0 ra' 

from the discovery that when certain organic substances were treated with nitric
acid easily combustible substances were obtained. In 1838 Pelouze discovered 
that an explosive could be made by treating cotton with nitric acid. Previous to 
this, in 1832, Braconnet found that starch, wood, and similar substances treated 
with nitric acid made explosive compounds. These discoveries were without 
practicable importance until Schonblein in 1845 found that a mixture of nitric 
and sulphuric acids produced a better quality of explosive than nitric acid alone. 
Considerable interest was shown this development by several European countries, 
resulting in the erection of several factories. Due to the fact that no one knew 
how to purify the nitrated cotton, and as very little attention was paid to the 
purity of the ingredients, the stability was very low and many disastrous explosions 
occurred. In 1853 Von Lenk showed that the trouble lay in the purification and 
suggested that instead of merely washing the nitrated cotton with water until Guncotton, 
neutral that an extended course of washings was necessary, including boiling with 
dilute potash solution. In spite of Von Lenk’s improvements explosions still 
occurred. Meanwhile, Abel continued experiments and 1865 found that there was 
great virtue in a pulping process in that the treatment reduced the impurities and 
also permitted pressing the pulped material into blocks. In 1868 it was found 
that when wet it could be detonated by dry guncotton and that the dry gun­
cotton could be detonated by fulminate of mercury. This resulted in its adoption 
for military purposes for explosive charges.

13. In 1846 Sobrero discovered nitroglycerin. This substance, due to its Nitroglycerin, 
dangerous nature and difficulty in causing it to explode, was not developed until
Nobel in 1859 found that it could be detonated by fulminate of mercury. In 
1867 he found that by allowing keiselguhr to absorb about three times its weight 
of nitroglycerine a satisfactory and fairly safe explosive resulted. This substance, 
known as dynamite, has become very popular and entirely replaced black powder 
as a blasting agent. In 1875 Nobel invented blasting gelatine, made by solidifying 
nitroglycerine by the addition of 8 per cent of nitrocellulose.

14. As the new blasting powder replaced black powder in commercial uses, other nitro-_ . . . . 1 1 x . compounds.
so the continued investigation of nitrocompounds produced a substitute for it as 
a military bursting charge for projectiles. Picric acid or trinitrophenol was adopted 
by many countries for this purpose; by France in 1885, by Germany in 1888, and 
about the same time the British Government adopted molten picric acid as Lyddite. 
In 1905 the United States Navy adopted ammonium picrate, a njore insensitive 
compound than picric acid. In 1905 the German Government adopted trinitro­
toluol. Since that time numerous additional compounds have been investigated 
and adopted.

15. Inventions up to this time had developed suitable high explosives but bit?k powder.for 
these were not suitable for use in guns due to the violence of the explosion. Atten­
tion was directed to modifying the known explosives for use as propellants and to
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the development of smokeless powders. Black powder was considered unsuitable 
for several reasons, namely:

First, it left a large amount of residue, thus fouling the bore.
Second, made large quantities of black smoke.
Third, was very hygroscopic.
Fourth, caused considerable erosion by the high temperatures of combustion.
16. The first successful smokeless powder was made by Major Schultze, of the 

Prussian artillery, about 1864. It was made of nitrated wood impregnated with 
saltpeter. Later the substance was dissolved in ether and alcohol and was known 
as collodion. This powder burned fairly slow and as it did not cause as much 
recoil as black powder and gave no smoke it was very popular for sporting powders. 
In 1882 the Explosives Co. of England patented the E. C. powders. These were 
made of nitrocellulose mixed with nitrates of potassium and barium and partially 
gelatinized by dissolving in ether and alcohol. This powder also is used as a sporting 
powder, for it is too quick for rifled guns.

andltn?tro”“yce® Although Maynard in 1843 discovered that nitrated cotton was soluble in
rine powders. ether and alcohol mixed together, but not in either alone, this fact was used only 

for development of celluloid and collodion, the latter giving impetus to developments 
in photography. In 1884 the French engineer Vielle discovered that the fiber of the 
nitrocotton must be entirely destroyed in a complete gelatinizing process. He 
mixed nitrocellulose with ether and alcohol and then rolled the mixture into sheets

Early smoke­less powders.

and cut the sheets into cubes. When dried, a very satisfactory propellant powder 
resulted. This powder was called “Poudre B” after General Boulanger, a noted 
French ballistician. In 1888 Nobel produced a new propellant which was adopted 
by the British the same year under the name of cordite. It is a mixture of nitro­
glycerine and nitrocellulose dissolved in acetone. The improvements which have 
been made in smokeless powders since that time have been principally in the direc­
tion of better purification and other measures for insuring chemical stability.

18. In 1889 the German Government adopted a nitrocellulose powder and in 
1893 the Austrian Government adopted a powder similar to cordite. In 1896 the 
United States adopted the nitrocellulose powder, but it was several years later 
before it had finally replaced the brown powder then in use.

Adoption of 19, Every nation now uses as propellants substances obtained from nitro- ew propellants. . . F , _ .
cellulose, alone or mixed with nitroglycerin, as such substances permit of controlling 
the rate of explosion, as, during combustion, the individual grains bum from the 
surface inward jn successive layers. By altering the shape of the grain and changing 
the burning surface the time of the explosion can be modified so that the same compo­
sition may be used in any size firearm merely by a change in the finishing process. 

P^enter deve*' Just as introduction of smokeless powder has removed the objectionable
features of black powder, so we may look to the future to remove some of the ob­
jectionable features of smokeless powder, such as the reduction of the flash at the 
muzzle, the reduction in the temperature of combustion to reduce erosion, and the 
rendering of it impervious to ordinary changes of temperature and hygroscopicity.



Chapter IV.

BLACK POWDER.
1. Saltpeter, sulphur, and charcoal have been the ingredients of black powder composition, 

from the time of its first use as an explosive. The proportions have varied with
the development of the manufacture, from a clearer knowledge of the properties 
of the different mixtures, so that eventually special proportions were used for 
making military, sporting, or blasting powders. The earliest mixtures had equal 
parts of saltpeter, sulphur, and charcoal. Experience obtained by testing different 
proportions caused a constant change until Berthelot found that 84 parts of salt­
peter, 8 parts of sulphur, and 8 parts of charcoal were the theoretically correct 
proportions. Theoretical results, however, can not be obtained from the combus­
tion of black powder, as it is a mechanical mixture and not a chemical compound, 
and consequently the combustion is affected by the degree of incorporation of the 
ingredients. It has been found that an increase in sulphur improves the keeping 
qualities and that as charcoal is never pure carbon its percentage must be increased. 
The proportions now used by all nations are practically the same—75 parts of salt­
peter, 10 parts of sulphur, and 15 parts of charcoal—these proportions being used 
for all powders and the rate of combustion for different uses being regulated by 
the granulation.

2. Saltpeter is formed in nature by the decay of nitrogenous substances in the Saltpeter, 
presence of air, moisture, and alkalies, more readily in warm climates, as the higher 
temperatures facilitate the decay. The most fruitful source was India, but Euro­
pean countries supplied considerable from stables, cattle sheds, etc., where stable
dung accumulated. Frequent sprinkling with urine accelerated the decay. In 
France, England, and India saltpeter collecting became a regular trade, and as its 
importance was paramount for providing powder for the military the workers were 
given special privileges, even to the extent of being permitted to remove material 
from any stable or house with or without the consent of the owner.

3. The material when gathered is placed in containers and sprinkled with water. Saftpeter.es °f 
The liquid flowing through the mass dissolves the saltpeter and carries it off to 
evaporating containers, where it crystallizes out. The result is a crude saltpeter,
which is removed to refineries and treated in a Similar process more subject to 
control. With the discovery of the sodium nitrate deposits in Chile another source 
was obtained. This salt is treated with potash or potassium chloride in the con­
centrated mother liquid from a previous operation, and sodium chloride or common 
salt crystallizes out at the high temperature of the reaction. When cooled the salt­
peter which has been formed crystallizes out.

4. Up to a few years ago sulphur was obtained from the Sicilian sulphur mines, Su,phur’ 
which produced a limestone ore with about 25 per cent sulphur. The ore is piled
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in heaps covered with moistened ashes and a fire started at the bottom. The com­
bustion of some of the sulphur after the fire has started provided the necessary­
heat foi’ melting the rest, and as the molten sulphur runs out the bottom it is col­
lected in troughs, where it forms sulphur cakes when cool. More recently it has 

phu°r?rcc °f sul’ heen obtained to some extent from coal gas, but by far the best and most abundant 
source is the sulphur fields of Louisiana. The sulphur is found there in a very 
pure state at a depth of about 500 feet, but its removal at first presented many 
difficulties, as it was beneath quicksand. A method was successfully adopted of 
driving a large pipe down into the sulphur bed. A smaller pipe was placed inside 
this, both being perforated at the bottom. Superheated water is passed down the 
outside pipe and melts the sulphur, which then passes up the inner pipe, assisted 
by air pressure, to the surface, where it is allowed to flow into bins and cooled. 
The product obtained is practically pure sulphur. Due to the cheapness of the 
product obtained in Louisiana, Sicilian sulphur could not compete with it, and 
the mines would have been abandoned except for the action of the Italian Govern­
ment in supporting the-industry.'

phu?ect °f snl' Sulphur has the effect of making black powder burn more readily, as its
ignition temperature is low. It also has the effect of flowing when under pressure 
of manufacture, so that it cements the charcoal and saltpeter together.

Charcoal. 6. Soft wood is usually burned to make charcoal for powder, as it is easier to
ignite than if made from hard wood. A variety of woods have been used, such as 
the alder, dogwood, yew, and willow. In the United States the willow has gen­
erally been used, and it is to be noted that black-powder factories are now located 
where the willow trees grow in abundance. The wood is carefully selected, cut in 
the spring, and the bark removed. Then it is seasoned until the sap has run out. 
The wood is split up, placed in iron cylinders and heated uniformly in a furnace at a 

how prepared, temperature of about 280° C. The volatiles are allowed to escape through holes 
in the cylinder and into the furnace where they burn. When the flame from the 
escaping gas becomes blue, the carbonization has proceeded far enough. The 
cylinder is removed, the contents kept from contact with air, as oxygen would 
cause the heated carbon to bum, and when cool the charcoal is removed, sorted, 
and ground. The charcoal for brown powders was made from rye straw, only 
slightly carbonized, resulting in a soft material with a large percentage of hydrogen 
and oxygen. Rye-straw charcoal in the process of pressing had the effect of binding 
the other ingredients together and thus made a denser grain, giving better ballistic 
results in large guns, as the denser grain burned more slowly. Brown powders 
made from rye straw have been entirely replaced by smokeless powder, so that its 
manufacture has entirely ceased.

of bSpowder! "!• The most important considerations in manufacturing black powder are to
have the ingredients finely pulverized, intimately mixed together, and pressed to a 
high density. Manufacturing methods have changed considerably since the original 
process of pulverizing, mixing, and caking in one operation (which was discontinued 
due to dangers involved). At the present time they still differ a great deal in dif­
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ferent countries. The saltpeter, sulphur, and charcoal are first ground separately 
to a very fine state in a mill without danger, as separately they are not explosive. 
This may be done either in separate operations or by mixing them together in 
varying proportions before grinding. The French method is to grind 6 per cent of 
the saltpeter with the charcoal and the rest with the sulphur, and then mix the 
compounds. Usually some saltpeter is added to the sulphur to prevent it caking 
during the pulverizing process. Any mill is suitable for the pulverizing operation, 
but the one in most general use consists of a steel cylinder in which are placed bronze 
balls and the materials, the balls reducing the material as they fall with the rotation 
of the drum. After pulverizing, the ingredients are weighed out in the proper 
proportions and given a preliminary mixing in a drum made of wood, leather lined, 
in which are placed lignum-vitae balls, or in a copper cylinder through which an 
axle passes carrying several rotating arms. The mixing is carried on by rotating 
the drum or cylinder for five minutes.

8. At this stage in the manufacture the black powder takes on its explosive 
character, and all further operations must be carried out most carefully to prevent 
friction or sparks igniting the material.

9. The incorporating is now usually done in incorporating mills, which consist 
of two heavy stone wheels running on a stone bed. They both may be made.of 
iron, in which case the wheels are suspended from a crosshead, so as not to touch the 
bedplate. As the crosshead is revolved by means of a vertical shaft, the wheels 
travel round and crush and grind together the ingredients without exerting on them 
force sufficient to cause an explosion, provided the mill is properly operated. Scrap­
ers are fitted to brush the charge under the wheels. The charge is spread over the 
bed evenly and wet down with about 3 per cent of its weight in distilled water. 
The grinding is carried on for about two hours for cannon powder, and up to five 
hours for rifle powder, water being added periodically to keep it moistened. On 
completion of the incorporating process, the powder on the bed is in the form of 
mill cake. This must be carefully removed, broken up by hand or by a breakdown 
machine to reduce it to the powdered form for pressing.

10. In the pressing or caking operations, several layers or cakes are formed with 
copper, bronze, or ebonite plates between layers of powder, the latter being about 
f inch thick. The built-up charge is then placed in a hydraulic press and a pressure 
of about 400 pounds per square inch applied and held for about three-quarters of 
an hour. On removal the outer edges of the cakes formed are cut off and added to 
the next press charge, and the remainder are broken and passed through the granulat­
ing machine, which consists of three or four pairs of gun-metal rollers through which 
the cake is passed. A number of automatic sieves are fitted for sorting out the 
grains according to their size. After granulating, the powder is given a glazing 
treatment; that is, each grain is given a smooth finish, rough edges are rubbed off, 
and it gets a high polish. This operation consists of rotating the grains in a wooden 
barrel for about four hours, the time varying with the size of the grain. Large 
grains are frequently coated with graphite. The rubbing together of the grains
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produces the glaze. Glazing stops up the pores, thus making the powder less 
sensitive to moisture, and also makes it less liable to deposit dust. The powder is 
then dried in canvas trays in houses heated by low pressure steam at a temperature of 
40° F., and is then "dusted” by rotating it in a canvas-covered reel, and finally 
it is blended.

11. The above description applies to rifle, cannon, and shell powder, which is 
made up of irregularly formed grains. When black powder was used as a propellant 
in heavy ordnance, the mill cake was cut into cakes, or it was powdered and formed 
into individual grains of a regular size. The sphero-hexagonal powder in use at 
present for torpedo impulse and depth charge throwers is made in this way.

12. Black powder was originally used in the powdered form, but when so used 
is very dangerous to transport. Black-powder dust should always be avoided. A 
clean white handkerchief wrapped around the fingers and passed through black 
powder should come out clean, otherwise too much dust is present. Granulating 
the material makes it more inflammable, as the flame can travel more readily through 
the interstices. Compressing the powder into large grains, on the other hand, 
reduces the number of interstices and slows the burning. Perforating these grains 
permits speeding up the burning, for, as the compressed powder burns from layer to 
layer, the surface is increased by the enlargement of the perforations. General 
Rodman made disks the diameter of the bore and about 1 to 2 inches thick, with 
perforations, and obtained great success in controlling the rate of explosion.

13. Black powder is packed in metal drums, which have an interior cloth bag 
lining.

14. Although the introduction of new chemical compounds has limited the 
present use of black powder, it is still found to be most serviceable for a number of 
purposes. It remains as the explosive charge of many projectiles, as the propellant 
charge for shrapnel balls, above water torpedo tubes and depth-charge throwers, 
for blank charges, for time trains in time fuses, for ignition charges for smokeless 
powder, and for use in primers of various kinds. Its most serious objection is that 
it deteriorates with increased moisture in a very irregular manner; consequently, 
it is very important that it should always be protected from a moist atmosphere. 
On the other hand, it has the decided advantage of high stability at moderately 
high temperatures.

15. The following table gives the grades of black powder and its use in the 
United States Navy:

BLACK POWDER.

Type. Designation. Use.

Fine grain................................ F. F. G......................................................... ............. Primers.
Do........................................ F. F. F. G.................................................... ............. Do.

Granular................................... Cannon....................................................... ............. Ignition charges.
............. Projectile fillers.
............. Impulse charges.

Do........................................ Shell (larger than cannon)...............
Spherohexagonal....................................Grained.....................................



Chapter V.

SMOKELESS POWDER.

1. As previously stated, nearly all nations use propellant powders made from cellulose, 
nitrocellulose, either alone or combined with nitroglycerine. The nitrocellulose
from which Navy-standard smokeless powder is made is obtained by the nitration 
of cellulose in the form of cotton. Cellulose is the fiber structure or cellular tissue 
of plant growth. It is seldom found in the pure state, but can be extracted from 
young and tender shoots. It occurs in a more nearly pure state in cotton, linen, 
or fine paper than in any other form. The study of cellulose is a very complicated 
one and can not be said to have been exhausted. This complexity is due to the 
fact that cellulose comprises a series of substances not distinctly separated, which 
by treatment are merged into one another. Cellulose obtained from different 
sources shows variations, although the composition is the same. In the purest 
available form (cotton) certain impurities are present which can not be entirely Cotton. 
removed, for in the process of purification the cellular structure is attacked and 
a loss in pure cellulose results. It is dissolved by strong sulphuric acid, not 
affected by hydrochloric acid, and forms a series of substances when acted on by 
nitric acid called cellulose nitrates or nitrocelluloses. It is known by the chemical 
formula (C6H10O5), but researches have shown, from its action in forming com­
pounds with nitric acid, that it must be represented as a multiple of this empirical 
formula. When nitric acid is brought into contact with cellulose, as when nitrating 
cotton, a nitrate is formed in which the NO2 group replaces the H2O group. The 
amount of the replacement depends principally on the strength of the acid and the 
temperature and duration of the action. As the result of much investigation, it 
has been found that no definite stage of nitration occurs such that the cellulose 
nitrate may be expressed by a chemical formula, although it was formerly known 
as trinitrocellulose. At present it is believed that the nitration is a continuous Cellulose nl- 
process resulting in a product containing any percentage of nitrogen from 6 pertrates’ 
cent up to almost 14 per cent, depending on the concentration of the acid, tem­
perature, and other conditions of nitration. For use in explosives, cellulose 
nitrates are divided according to the percentage of nitrogen into high and low 
nitration products. The latter, below about 12.7, are entirely soluble in ether and 
alcohol, while the former, above this nitrogen content, are insoluble in ether and 
alcohol. Soluble nitrocellulose is the base of United States Navy smokeless powder, soluble and 
while the insoluble variety is used as a high explosive under the name of guncotton, wnmoVe. nltr°’

2. The percentage of nitrogen in a nitrocellulose is a measure of the power of 
the explosive, hence the necessity for so treating cotton in the manufacture of

(29)
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guncotton that the highest degree of nitration is obtained. A nitrocellulose of 12.7 
per cent may be obtained by treating cotton with nitric acid alone, but to obtain 
a high nitration product it is necessary to use a mixture of sulphuric and nitric 
acids. The sulphuric acid does not take part in the final reaction, but combines 
with the water set free, thus preventing dilution of the nitric acid. The chemical 
processes are not established beyond question, but it is supposed that the sulphuric 
acid acts first on the cotton-forming cellulose sulphates and liberating water and 
the nitric acid then acts on the sulphates, displacing the sulphuric acid and forming 
cellulose nitrates. The usual proportion for making insoluble'guncotton is three 
sulphuric to one nitric acid, and for soluble two sulphuric to one nitric.

3. As practically the entire amount of nitrocellulose now made is used as the 
base for smokeless powder, in consequence of which it must be soluble, it is made 
with less than 12.7 per cent N. The standard Navy practice requires 12.6 per cent 
±.05.

4. Other substances made from nitrocellulose are celluloid, films (photographic), 
varnishes, artificial silk and ivory, and a preparation called collodion for surgical 
dressings. Substances such as paraffin, camphor, and other inert materials are 
added in the manufacture of these substances to render them less liable to explosive 
action. .

Linters and hull shavings.

Purification of cotton.

5. The best grades of long-staple cotton were used for the manufacture of 
nitrocellulose until it was found that a cheaper grade of cotton waste or of linters 
would serve the purpose just as well. All cotton in the natural state contains 
certain impurities such as oil and dirt, which must be removed before it is subjected 
to the nitration process. As pulping has improved the product, the use of finely 
cut waste presented no difficulties and was considerably cheaper. After the long 
staple fiber is removed in the ginning process, the cottonseeds retain about 10 
per cent of a short fiber cotton which is called linters. It is removed by passing 
the seed through another machine. After the removal of the linters a small amount 
still remains called “hull shavings.” Both of the latter, when properly purified, 
are suitable for nitrating, but as a rule they are mixed in some proportion as 40 
per cent shavings and 60 per cent linters. Tissue paper and purified wood fiber 
may also be used. It is reported that Japan is using wood cellulose, and it is known 
that Germany used wood cellulose during the World War. Wood cellulose requires 
careful preparation, wherein the wood is finely pulped and boiled in a solution which 
destroys the noncellulose.

6. The cotton is given very careful purification treatment, for on this point 
as well as the purification of the nitrated cellulose depends the stability of the 
finished product. When removed from the seed it contains certain oils and fatty 
matter which must be extracted. This is done by means of a solvent. The cotton 
is then boiled in a weak solution of caustic soda and afterwards washed first with 
warm water and then with cold water several times to remove all traces of the soda. 
About a 5 per cent solution of soda is used and if an acid bath is given afterwards
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not over 0.1 per cent acid should be used as a neutralizer. Bleached cotton is 
found to be most satisfactory. The bleaching is done by washing in a weak solu­
tion of bleaching powder or sodium hypochlorite and then treating with a weak 
alkali solution to prevent overbleaching, which causes unstabilized products. 
The cotton is delivered in 500-pound bales and must be clean, uniform, free from 
lumps, and not contain over a trace of lime, chlorides, nitrates, or sulphates.

7. If a piece of cotton fiber be looked at under a microscope it looks like a 1 be r
piece of twisted yarn, but after nitrating the fiber straightens out. This is caused
by a relieving of the skin pressure. If a piece is split open and looked at under a 
microscope with a magnification of 1,000, there is seen an inner and outer cuticle, 
and some material between which is the true cellulose held in place by the cuticle. 
In the purification process this inner part is not reached by the reagents and so 
contains the impurities. From investigations of a German scientist it is known 
that the cotton fiber has no free passage up the center, and consequently impurities 
can not be removed from this portion of the fiber. This makes it necessary to 
have the pulping process in which the cotton is cut up into minute pieces, thus 
exposing the inside of the fibers to treatment.

8. Sulphuric acid is produced by burning sulphur or iron pyrites containing a(S»>p«• >« 
a large percentage of sulphur in an excess of air, thus producing oxygen, nitrogen,
and sulphur dioxide. The gases are collected, cleaned, filtered, and passed over 
magnesium sulphate in the presence of platinum, where another atom of oxygen 
is taken up, making sulphur trioxide, SO3. This gas is then passed through weak 
sulphuric acid, where it combines with the water in the acid to form a more con­
centrated product. This is called the contact process.

9. The sulphur burner (fig. 1), consists of a horizontal cylinder arranged to 
rotate about a turn and a half a minute around its axis. At one end is a hopper 
which feeds sulphur through the shaft by means of a worm feed. Around this 
end of the cylinder are a number of ports for supplying air for combustion. At 
the other end connected to the cylinder is the combustion stove or chamber, from 
which the gas line leads. As the sulphur burns, SO2 is formed, with some SO3,
and this is drawn by suction through the gas line to the coolers, passing through a ' 
series of reverse bends called the dust catcher. The cooler consists of lead pipes 
for conducting the gas, sprayed on the outside by water. The gas is then further 
purified by passing it through the scrubbers, which are box-shaped receptacles, 
containing charcoal, then to a filter consisting of a lead cylinder with baffles in it. 
Weak acid flows through one way and the gas in the opposite direction, Any 
gas that is changed into acid flows off. The gas is passed through another coke 
scrubber and then through a mineral wool filter to remove finally any dirt or impuri­
ties. (Mineral wool is formed by blowing steam through the molten cinder from 
a blast furnace.) There is a centrifugal pump in the line at this point, which keeps 
a suction on the system from the sulphur burners and forces the purified gas into

28015—24------ 4 _ . .
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the preheaters. The preheater is a coal-fired furnace which heats the SO2 gas up 
to about 435° C. It then passes to the converter, which is a large cylinder filled 
with a sludge formed by magnesium sulphate and platinum placed on baffles. 
The SO2 takes up another atom of “O” in the converter, due to the catalyzing 
effect of the platinum. The SO3 gas is then passed, after cooling, into the absorber 
which is a vertical cylinder filled with quartz. Weak sulphuric acid is allowed 
to trickle down from the top and as it meets the SO3, which enters the bottom, it

Fig. 1.—Sulphur Burner.

Nitric acid.

takes it up to form stronger H2SO4. Excessive acid, as it forms, is blown out to 
storage tanks.

10. Nitric acid is mainly obtained either by the action of H2SO4 on sodium 
nitrate, from nitrogen compounds from the nitrogen in the atmosphere, or from 
certain by-products of the coke-oven industry. In the former method a retort is 
charged with the required amount of sodium nitrate, ground and dried, and the 
sulphuric acid is run in. About 6 parts by weight of 99 per cent acid to 5 parts 
of nitrate are required. A fire is started under the retort and the charge is dis­
tilled, the reaction resulting in nitric acid fumes passing off to a condenser (Fig. 2) 
and there condensed into about a 90 per cent nitric acid, which is collected in 
earthenware pots. As this strength would very soon corrode through the steel 
tanks, the acid is discharged in a tank partially filled with strong sulphuric acid. 
Strong sulphuric acid eats away lead and weak sulphuric acid eats away iron and 
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steel. Strong nitric acid eats away iron and steel. The acids are finally removed 
to the mixed acid storage where sulphuric acid is added to make the mixed acid 
for nitration.

11. Nitrogen products are also obtained as a by-product from coke ovens. other S0urcfS- 
They may also be obtained from the nitrogen of the air in one of several ways.

Fig. 2.—Nitric Acid Still.

In the cyanamide process, lime and powdered coke are burned in an electric oven, 
and calcium carbide obtained. This is nitrified in iron vessels into which is forced 
nitrogen made by distilling liquefied air, and cyanamide is formed from which am­
monia is obtained by treating it with steam. In another method, the Haber 
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process, nitrogen and hydrogen are combined directly under very high pressures. 
The hydrogen is obtained by injecting steam into a furnace containing red-hot 
coke, removing the CO2 formed and leaving the hydrogen. The nitrogen is ob­
tained by the distillation of liquefied air. In these methods, ammonia is obtained 
and nitric acid is made by oxidizing the ammonia. In the arc process nitrogen 
monoxide (NO) is obtained from the atmosphere directly by using very high tem­
peratures which are obtained from an electric arc. Decomposition is prevented 
by very rapid cooling, and when the gas is finally cooled it becomes nitrogen di­

Fig. 3.—Cotton Picking Machine.

oxide (NO2) and it is then converted into HNO3 by passing it through water in 
absorbtion towers. During the World War, extraction of nitrogen from the air 
received a great impetus due to the fact that nitrogenous substances must be 
imported into this country.

o^nTuoce™ In th® manufacture of nitrocellulose the first operation is the preparation
lnc°otton pick- th0 cotton- The bales are broken open and the cotton is fed into a picking 
,n8- machine, which tears it out and fluffs it up. Sticks, knots, and foreign matter

must be picked out. Different types of machines are used for long staple and 
short fiber cottons.
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13. The picking machine (Fig. 3) consists of a frame arranged with a travel­

ing table on which the cotton is spread and fed to a small spiked cylinder. As it 
passes over this spiked cylinder a large spider frame covered with hooked points 
seizes the cotton and shreds it and then passes it out through an opening in the 
back of the machine into the drier room. Formerly the cotton was dried in bins 
in a house, the bins being so arranged that a free circulation of heated air was 
permitted. The present method is to use a continuous drying machine (Fig. 4). 
The cotton is passed along by a series of belts through an inclosed heated chamber 
and discharged at the opposite end. Steam coils supply the heat, and ventilating 
fans drive the heated air around the belts carrying the cotton. The cotton enters

Cotton drying

Fig. 4.—Cotton Dryer.

from the picker through a chute, dropping on a conveyor which discharges the 
cotton on a continuous belt passing through a heated chamber. Cotton in air will 
take up about 7 or 8 per cent moisture, and this must be reduced by regulating 
the time in the drier to about 0.5 per cent, as excess moisture will affect the nitra­
tion process.

14. Four different systems have been in use for the nitrating process—the pot 
process, the displacement system, the centrifugal process, and the Dupont me­
chanical dipper system. The first was the original method used and consisted in 
steeping the cotton in pots. In the displacement system shallow pans were used 
and water was run in displacing the acid after nitration. In the centrifugal process 

Nitration
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the cotton was nitrated in wringers, then wrung out and drowned in tubs of water. 
The objections to these systems were the fumes given off, the time required, and 
cost of production. The best and most used system in this country is the last— 
the mechanical dipper system developed by the Dupont Co. The following 
description applies to this system.

esfipper proc’ 15. A diagrammatic sketch of the nitrating house, Plate 1, shows three floors. 
The top floor has four nitrators in each unit, with a measuring tank and suitable 
pipes and valves for handling the acids. The second floor has the centrifugal 
wringer directly below the four outlets of the nitrators, and the lower floor has a

Fig. 5.—Cotton Nitraters (3rd Floor).

flume through which the nitrated cotton is washed to the boiling tubs and also a 
fume pipe for carrying off the nitrous oxide fumes.

16. In operating the mechanical dipper system about 30 pounds of cotton is 
placed in a nitrator and the proper amount of acid is run in, using the gauge glass 
on the acid measuring tank. The cover is placed on nitrator and the paddles are 
started at slow speed to keep the charge agitated and to prevent local deterioration 
and heating. The fumes pass out the fume pipe into the escape stack. The speed 
of the paddles is then varied according to the stage of the nitration, speeding up at 
first, then slowing down, and speeding up again at the end for discharging. The 
time for making soluble nitrocellulose is about 20 minutes. At the end of this 
time the drain is turned to discharge into the centrifugal wringer and the valve 
opened, allowing the charge to drop into the wringer. The wringer is then started, 
throwing the excess acid out against the sides, where it drains off to the spent acid 
tanks. The wringer, after five minutes in operation, is then stopped, the bottom



PLATE I.

Diagramatic Arrangement of Nitrating Process. 
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Mixed acids.

removed, and the nitrocellulose pushed down into the receiver on the first floor. 
Water is admitted into the receiver at two diametrically opposite points, so diverted 
as to give a whirling motion, thus washing the nitrated cotton down the flume 
which leads to the boiling tubs. (See figs. 5, 6, and 7.)

17. The efficiency of this system can readily be seen, as one man, by continu­
ous operation of a wringer, can keep pace with four nitrators.

18. The acids used are made by mixing sulphuric and nitric acids in the proper 
proportions. The nitric acid from the nitric acid plant has some sulphuric acid in 
it for safe transportation. More is added in order to give the proper percentages

Fig. 6.—Nitrating House (2nd Floor).

of each and also the proper acidity. These are called the mixed acids. After 
nitration, the acids discharged by the wringer are run off for salvaging for further 
use. They are called the spent acids. From an analysis of the spent acids it is 
determined how much nitric acid and sulphuric acid must be added to- make mixed 
acids of the correct proportions. New or fortifying acids are used for this purpose. 
Thus a sort of cycle is made, the acids being used over again with the addition of 
sufficient to replace that taken out by the nitrated cotton. When it is desired to 
separate the spent acids for recovery, they are transported to the acid recovery 
plant, which is a part of the nitric acid plant. There the nitric acid is vaporized 
in contact with steam, condensed and recovered. The denitrated sulphuric acid 
is then bleached and delivered to storage tanks.
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19. The product is now a cellulose nitrate, usually called “pyrocellulose,” tl(J£ro pnr,flca' 

or “pyro,” containing an excess of acid, cellulose sulphates, and other impurities
which may be detrimental to the stability of the final product. It is impossible to 
control the nitration process so that the product will contain a single nitrobody, but 
it is usually a mixture of nitrates of different percentages of nitrogen. Some are of 
the lower order of nitrocelluloses, which are not very stable, and these with the 
sulphates and other impurities must be removed to insure the final product having a 
uniform stability.

20. After nitrating, the pyro contains an excess of acid which would cause Dr0TO,“K" 
the material to “fire” in air, the cotton charring and giving off dense nitrous oxide 
fumes. For this reason it is necessary to “drown” the product in water. In

Fig. 7.—Pyro Discharge to Boiling Tubs (1st Floor).

the dipper system, this is done in the receiver or immersion basin, by the stream 
of water admitted for conveying the pyro to the tubs. By thus keeping the material 
in water, most of the free acid is allowed to pass off. In the pot and wringer sys­
tems of nitration, the pyro is quickly removed and dropped in tubs of water called 
drowning tubs. In the replacement system, where water is added, the excess 
acids are washed out and firing does not occur.

21. The flume from the nitrating house (fig. 8) conducts the pyro by gravity Boiling, 
to a double row of wooden tubs, each holding about 1,200 pounds of pyro, and 
by means of a system of gates may discharge into any one of them direct, thus 
providing cheap, safe, and effective transportation of the pyro. The tubs are of 
two types. One is fitted with a false bottom on which the pyro rests and beneath 
which a perforated steam pipe injects steam for supplying the heat for boiling.
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Where the steam pipe enters it is entirely protected by wooden covers from the pyro, 
thus preventing the cotton from coming into contact with a hot pipe. Another 
and a later type is fitted with a percolator pipe so arranged that steam can not 
touch the pyro, but a circulation is given the contents of the tub. The pyro must 
be boiled for 40 hours to insure complete purification with at least four changes 
of water. It must be kept entirely covered during the process and the tempera­
ture of the water and ratio of steam to water such that actual boiling takes place.

Fig. 8.—Boiling Tubs.

Pulping.

22. A tub is charged with the pyro, sufficient water run in to cover all the 
material, and steam turned on long enough to raise the temperature to 80°. The 
tub is then drained, refilled, and actually boiled for 16 hours. This operation is 
repeated three times with 8 hours actual boiling each time. On the conclusion 
of this treatment, the pyro is removed to a stuff chest in the pulping house for 
further treatment. It is most important that water of such purity be used that 
no additional impurities be introduced.

23. Pulping.—The treatment after nitration up to this point may be con­
sidered the preliminary purification, for only such excess acids and impurities 
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have been removed which could be reached from the outside of the fiber. As 
the fiber is hollow, certain impurities are concealed within along with some low- 
order nitrocelluloses. To open up the fibers it is necessary to cut the pyro up in 
minute particles in order to allow the subsequent washing in the poachers to elim­
inate these final impurities. The development of this stage in the process is due 
to the efforts of Abel as a result of his work in determining the Causes of the insta­
bility of guncotton as originally .made. Two methods of pulping are used, one 
with a Miller duplex beater, similar to the one used in a paper mill, and the other 
with a Jordan pulping machine. The latter, being a continuous operating unit, 
is gradually replacing the beater, which is charged and operated for eight hours;

Fig. 9.—Duplex Beater, Pulping Machine.

then discharged in separate operations. A Jordan pulping machine consists of a 
rotating shaft fitted with sharp curved knives surrounded by a cone-shaped cylinder. 
The pyro is fed slowly in the large end, thrown out by centrifugal force, and gradually 
worked out the smaller end after digestion. It is customary to work these engines 
in multiple, the first giving a coarse cut and discharging into another which cuts 
to a finer degree, and so on until the pyro has been pulped to the required degree 
of fineness.

24. The beater (fig. 9) consists of a long tank with a cast-iron revolving drum Beaters, 
in a horizontal position in the middle, fitted with longitudinal knives. Directly 
above and below are curved plates covering an arc of about 20°, similarly fitted 
with knives. The drum is driven by a shaft projecting out of the side of the tank. 
The pyro is drawn from the stuff chest, dumped in gradually through the top, into
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Poaching.

the water which has been run in, and by the revolution of the revolving drum is 
circulated along the bottom under the knives and back across the top through the 
top knives. Hand wheels are provided for adjusting the clearances. A frame 
carrying screen plates on each face with slits (so small that the pyro can not go through, 
but the water can) revolves in the mixture when lowered, and the water is entrained 
and drained off. The purpose of this is to remove excess water when it is changed. 
After about eight hours pulping, the pyro in suspension in water is pumped into 
large tubs called poachers (fig. 10). A treatment similar to the preliminary 
boiling is now given the pyro to remove the impurities brought out by the pulping. 
The dirty water is first drawn off and hot water is added and the charge boiled. It 
is necessary to have agitators in the poachers to keep the charge in circulation, due

Fig. 10.—Poaching Tubs.

Dewatering.

to the fineness of the pyro. Two other boilings are given, one of two hours and 
another of four hours, and then 10 cold-water washings. The pyro is then 
pumped through the screens (fig. 11) where all that is not fine enough is taken out 
and returned for further pulping and that which passes through is pumped to the 
dehydrating house, where each poacher charge is collected in a stuff chest and held 
for dehydration. The screen plates have narrow slits through which the pyro is 
drawn by suction, created by a diaphragm operated by a cam arrangement.

25. The first step in dehydration is dewatering (fig. 12) where, by a vacuum 
system, a large part of the water is readily removed by being sucked into a cylinder 
through a canvas screen. The pyro is then wrung dry in the wringers shown in 
Figure 12. The water from the wringers is run into vats and allowed to settle, so
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Fig. 11.—Pyro Screens.

Fig. 12.—Dewatering Machine.
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that the pyro thrown off by the wringers is thus saved. The final step in removing 
the water is performed in the dehydrating press (fig. 13).

26. A charge of pyro as it comes from the wringer is weighed out and placed 
in the cylinder of the press which is arranged with a top and bottom power piston, 
a pressure of about 300 pounds per square inch is put on it. This does not remove 
all the water, so that remaining is driven off by alcohol and at the same time the

»ehydrating. alcohol for the colloiding operation is added. The top is raised and the required 
amount of alcohol added from the measuring tank, and a pressure of about 3,000 
pounds put on with air pressure. The alcohol is forced through the block and 
forces out the water ahead of it, the water draining off first, followed by weak 
alcohol, then strong alcohol. Sufficient alcohol is left in the block for the mixing 
operation. A finished block is shown in the plate. These blocks are of standard 
weight for the mixer, each containing a fixed weight of alcohol and the weight of 
pyro found necessary.

27. When the block is removed from the dehydrating press it is transferred 
to the mixing house, being first broken up in a “block breaker.” The transpor-

Mixmg. tation is done in closed cans to prevent evaporation of the solvent. The mixing 
machine (fig. 14) is similar to a dough mixer. A charge is placed in the machine, 
the cover secured, and the revolving arms set in motion as the required amount of 
ether is added and the machine operated until thorough incorporation is obtained. 

iinephenyla' 28. The stabilizer is added at this stage of manufacture by mixing in the ether, 
before it is added to the mixer charge, sufficient diphenylamine to give about one- 
half of 1 per cent in the finished powder. It is added in this manner to allow for 
thorough incorporation in the colloid.

29. After a charge is thoroughly mixed, the mixer is tilted over and the charge 
dumped in cans and taken to the blocking press (fig. 15). This operation assists 

Pressing. the colloiding and provides a form for easy transportation. The blocks are trans­
ported in covered tins to the press house. In order to give a good incorporation 
and to eliminate lumps and foreign matter, the powder is passed through the maca­
roni press (fig. 16) and then reblocked in a press similar to the one in the mixer 
unit. The macaroni press has a diaphragm at the lower end of the press cylinder 
in which are bored a number of small holes. The powder is squeezed out through 
these holes in long threads, as shown in Figure 16, thus insuring thorough incor­
poration and a more uniform colloid. The block is then passed through the graining 
press (fig. 17), coming out as a long cord with the perforations made in it and is 
immediately passed through the grain cutter (figs. 18 and 19). The grains in the 
form shown in Figure 20 are removed to the solvent recovery for the removal and 
salvage of the excess solvent.
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UPPER CYLINDER

MEASURING TANK

Fig. 13.—Dehydrating Press.
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Fig. 14.—Mixing Machine.

Fig. 15.—Blocking Press.
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Fig. 16.—Macaroni Press. Fig. 17.—Graining Press.

Fig. 18.—Grain Cutter (Cover in place).

28015—24------ 5
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Fig. 19.—Grain Cutter (Cover removed).

Fig. 20.—-Sorting Table.
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30. The perforations are obtained by the die (fig. 21) in the graining press. Powder dies. 

The powder while soft from the presence of solvents is forced by high pressure through 
a perforated plate which holds on the discharge side seven pins. The perforated 
plate fits on a cone-shaped face feeding into a hollow tube into which the pins 
project. As the powder is forced through the plate it surrounds the pins and is 
then squeezed down by the cone face and the inner walls of the tube to form a solid 
mass, which is forced out the end of the tube as a multiperforated cord. As the 
powder must have the proper amount of solvent to permit of this treatment and as 
this solvent must be removed afterwards by drying, thereby reducing the dimensions

DIAMETER OF GREEN GRAIN

L-PLATE PERFORATIONS-1 -------- PIN PLATE DIE BODY------

PINS----------------- PLUG-------------

M AN. FT.N - V- LC- £2/2a

Fig. 21.—Powder Die for Multiperforated Grains.

of the grain, it is a nice determination to fix upon the die dimensions in order to 
produce a definite final web thickness.

31. The solvent recovery (fig. 22) consists of several vertical tanks in which solvent 
the powder is dumped and through which air is circulated and cooled by a refrigera-covery' 
tion system for the removal of the solvent by condensation. After the solvent is 
removed the air is reheated and passed through the powder again in a closed circuit. 
The heated air enters, passes through the charge and out the top, going to the cooling 
unit, where the solvent is recovered by condensation. The air then returns through 
the air-return pipe to the heater and is again forced through the system by the fan. 
The cans are charged from the floor above and discharged after treatment at the bot­
tom. When the solvent has been reduced as low as is practicable for economic work­
ing, the powder still contains more solvent than is desired. That remaining is 
removed by exposing the powder to a temperature of from 45 to 55° C. in a dry Urying. 
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house (fig. 23). Each dry house is constructed with bins and has a hot-air system from 
an outside heating plant. The solvent as it is removed in this process is lost.

Blending. 32. After drying the powder is removed to the blending tower and the lots
are formed by blending in a gravity process (fig. 24). When the powder drops 
down the tower to the bottom floor it is packed in special smokeless-powder 
packing boxes for shipment (fig. 25).

iryin"°ds of ^3. The most satisfactory method of drying powder is that given above, 
called the “air dry method.” It has one disadvantage, namely, the length of time 
required. When rapid production is desired the water dry treatment is used. In 
this the powder from the solvent recovery, instead of being allow’ed to give up its

Fig. 22.—Solvent Recovery.

solvents slowly by evaporation, is treated in large vats with warm water, thus 
rapidly removing the excess solvents. The powder is then given a very short 
period in the dry house or dried in a mechanical dryer. Another method, called 
the alcohol dry system, has been used. In this alcohol is the medium for removing 
the solvents instead of air or water. It has the advantage of removing the ether 
without loss.

iacknpomier of When a powder grain bums the combustion takes place on the surface and
proceeds in parallel layers with a velocity dependent on the pressure and independent 
of the area of cross-section burning. In the open air the rate of burning is very low 
and the flame may be extinguished by blowing strongly on a lighted grain. When 
the powder is burned in an inclosed space, so that the gases resulting from combus­
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tion will produce a pressure, the rate of combustion is increased, but it nevertheless 
always proceeds in parallel layers. The action in burning is due to the physical 
structure of the powder. With an explosive mixture, such as black powder composed 
of various solid ingredients, even though finely divided and formed into grains 
under high pressure, will still have interstitial air spaces for the passage of inflam­
matory gases under pressure to all parts of the mass. The rate of burning of such a 
powder is under some control by the degree of pressing given or the size of the

Fig. 23.—Typical Interior of Dry House.

particles of the ingredients, but this treatment can not always insure a regular rate 
of burning.

35. Smokeless powder, on the other hand, is a homogeneous solid mass, as it s mUornknegi e s°sf 
is a “ colloid” or “solid solution” of a single compound in a small amount of solvent. powden 
Inflammation can reach the interior of a grain only through the successive heating to 
the ignition point of layers of molecules by the burning of the layers outside of them. 
This progressive action can be seen by partially burning a grain in air and, after 
extinguishing the flame, by removing the film of partially affected material and find­
ing the surface beneath unchanged by the presence of the flame. This same 
progressive action takes place in a gun except as to the rate of burning. The in­
creased pressure causes a more intimate contact between the layer being consumed 
and that beneath undergoing chemical transformation. The ratio of the increase 
in speed of burning is estimated as from the one-half to two-thirds power of the 
pressure. The rate of combustion also depends on the composition of the powder as 
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it is proportional to the temperature of the products of combustion. The higher 
the temperature of the burning gases the less time is required to bring successive 
layers to the ignition point. All Navy standard smokeless powder has the same 
composition within close limits, but this point will be referred to later.

ura’Ig.6 S S1V * ^6. Before proceeding to the discussion of the form of a powder grain it is well
to consider why it is necessary to have a powder which will bum progressively and 
why it is desirable to control its rate of combustion. When the powder charge 
burns in a gun a large quantity of highly heated gases is formed. For a given weight 
of powder the quantity of such gases by weight is constant and is equal to the weight 
of the powder charge, since all of the smokeless powder is converted into gas. Should

Fig. 24.—Blending Tower.

this transformation take place before the projectile moves, the volume in which 
the gases are contained is that of the powder chamber, so that at the high tem­
perature resulting the corresponding pressures are so high as to endanger the gun. 
This is what would occur were a charge of high explosive used such that the detona­
tion would result in the explosive becoming gaseous in a very small increment of 
time. Were a high explosive used, a very small charge only could be employed to 
keep the pressures within reasonable limits, and the total amount of gases, and 
consequently the total energy available for translating the projectile, would be 
very low.

37. If, however, the"projectile starts to move after a portionjof the charge has 
been consumed, the volume the gases will fill is correspondingly enlarged and the
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ORIGINAL GRAIN.

PROGRESS OF COMBUSTION. CONSUMED GRAIN.

Process of Combustion, Multiperforated Grain.
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total quantity of gas may thus be made greater and consequently the total energy 
available is greater. This will permit of using a larger charge. What is desired, 
then, is that, as the projectile moves, the powder be consumed and continue to 
increase the quantity of gas as the volume to contain it is increased. It is necessary 
then to use such a powder that the projectile is in motion before the powder is entirely 
consumed, but that it is all consumed before the projectile has left the bore, as any 
further production of gases thereafter will be wasted.

38. In order to illustrate these points, attention is invited to Plate 2. In case 
of an instantaneous combustion the full pressure would be exerted on the base of 
the projectile before it began to move, and from maximum pressure “B” the gases 
would expand approximately adiabatically to the point of ejection “C.” Should 
a powder be used which burns progressively the pressure would start approximately

Fig. 25.—Packing Room.

at “A” and increase to a maximum as the projectile moved, and then drop with 
the increase in volume after the consumption of the powder is complete. At first 
the pressure rises rapidly as the increase of pressure, due to combustion, exceeds its 
reduction due to the increased volume caused by the motion of the projectile. 
The ratio gradually changes until they balance at the point of maximum pressure 
and then the loss due to motion of the projectile exceeds the increase from com­
bustion. When the powder has been completely burned, the gases will expand 
approximately adiabatically. The opposite extreme is found in using a powder 
which envolves gases at an increasing rate until the projectile moves out of the bore. 
Such a powder would be manifestly uneconomical and would bring the maximum 
pressure at the muzzle.

39. If charges and the heat units are the same, the curves when produced 
infinitely will have the same area, so that at some point the curve for a progressive
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powder will run higher than that of an instantaneous powder. For the limited 
travel of a projectile, it is seen that at “ C ” the final pressure for a progressive powder 
is higher than that of an instantaneous powder, but that the maximum pressure of 
the latter is very much higher than that of the former. In Figure 26, curve “D” 
is for an instantaneous powder, curve “M” for a relatively “quick” powder, arid 
curve “M'” for a slower powder, curve “E” would result from use of a very slow 
powder. It is to be noted that as the maximum pressure drops, the final pressure 
increases. Should a larger charge of the slowest powder be used, a great area would 
be included in the curve, but the final pressure would be raised considerably. In 
very slow powders the grains are not entirely consumed and a still greater loss in 
efficiency results. The time of burning is controlled by the nitration, the volatiles, 
the shape of the grain, and the web thickness; i. e., the thickness of the powder to

Fig. 26.—Combustion Pressure Curves.

be burned through to consumption. In Navy smokeless powders the nitration and 
shape of grain are kept constant, the volatiles restricted to narrow limits, the amounts 
depending on the size of the grain, and the speed varied by the size of the grain.

1 40. Since the combustion of a grain of powder is entirely on the surface and
proceeds in layers, other things being equal, the quantity of surface fixes the rate 
of gas evolution. Different forms of grains present different amounts of surface 
per unit volume, so that by varying the size and shape of grain as well as by vari­
ations in ingredients, great differences in speed of combustion may be obtained. 
For a given gun a powder is spoken of as “quick” or “slow,” .according to the rate 
of evolution of the gas. A small grain powder is quicker than a large grain powder, 
since all grains would be consumed in a shorter space of time if burning under the 
same pressure.



55
41. As new surfaces are constantly being developed during combustion, any gr^bsa p e of 

shape of grain, which on burning presents new surfaces of greater extent, would
have an increasing burning surface and evolve more volume of gas. A powder 
may be more or less progressive according to whether the amount of burning surface 
increases or decreases at successive instants of time.

42. Powder grains may be made of solid geometrical forms, such as cylinders, 
cubes, flat grains, strips, etc., but these are the least progressive forms as the burning 
surfaces are continuously decreasing. They may be made of a single perforated 
cylinder and have practically a uniform burning surface; or they may be made in 
the shape of multiperforated cylinders and have an increasing burning surface up 
to the time the web is burned through, and then have a decreasing burning surface. 
Navy standard powders above 1-pounder are made into multiperforated cylinders 
of the form shown in Plate 2. The dotted lines show the original cross section of 
the grain, the full lines the remainder, when the progressive burning stops. The 
shaded portions are the “slivers.” The distance “a” is called the inner web, and 
the distance “b” is called the outer web, and in the course of manufacture these 
are made as near alike as possible. Navy powders always have seven perforations,

D-3dand the web thickness is —, where “D” is the diameter of the grain and small 

“d” the diameter of the perforations. The length is about two and one-half times 
the outer diameter.

43. The above description applies to the manufacture of a single-base powder.po®^“bl*‘base 
As previously seen, Nobel discovered that a propellant might be made of nitro­
glycerine and nitrocellulose. This is called a double-base powder, as two definite 
explosive substances are contained in it, the nitrocellulose being dissolved in the 
nitroglycerine. The resulting material is plastic and readily is formed into grains, 
which on drying present a compact mass. The toughness of a grain of double-base 
powder is dependent on the amount of nitroglycerine present. Nitrocellulose and 
nitroglycerine are both composed of hydrogen, nitrogen, carbon, and oxygen, and 
whether alone or together, the same gaseous products are formed, though of dif­
ferent proportions. It is possible to show theoretically the quantities of the gases 
produced by combustion. They are mainly carbon dioxide, carbon monoxide, 
nitrogen, hydrogen, methane, ammonia, water as steam, and oxides of nitrogen. 
The carbon combines with the oxygen to form CO2 or CO, depending on the amount 
of oxygen present. If CO only is formed, a greater volume of gas results, weight .
for weight, than if CO2 is formed, as 12 parts of carbon and 16 parts of oxygen give 
one volume of CO, while 12 parts of carbon and 32 parts of oxygen give one volume 
of CO2. However, the heat given off in forming CO2 is vastly greater than when 
CO is formed, so that the formation of each volume of gas, heated and expanded 
by its own reaction temperature, leaves a balance in favor of CO2 as a work pro­
ducer.
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Stabilizers. D eterioration of nitrocellulose powders.

44. For this reason, as nitroglycerine has more than enough oxygen to allow 
all the carbon to form CO2, and gives off free oxygen on combustion, it is to be 
expected that a high temperature of combustion results. Nitrocellulose has a 
deficiency of carbon such that more CO is formed than CO2. By combining these 
two explosive mixtures, the deficiency of oxygen in one is made up by the excess 
in the other. Consequently a double-base powder gives, weight for weight, less 
gas volume than a single-base powder, but gives a much greater heat. Weight for 
weight, the double-base powders would then be the most efficient, or for equal 
performance, a smaller weight of nitroglycerine powder would do the work of a 
larger charge of nitrocellulose powder, if this were the only consideration. The 
effect of the temperature is very important, however, on the life of a gun, and this 
is one of the reasons a nitrocellulose powder is used by the Navy. The effect of 
heat is treated under “Erosion.” The disadvantage in using nitrocellulose powders 
is that after combustion of the powder, the CO gas remaining is combustible and, 
having an affinity for oxygen, will burn to CO2 when air reaches it. This results 
in muzzle flash and “flarebacks,” which would endanger a gun crew were the gas­
ejector system not used. Regarding the muzzle flash, however, even with nitro­
glycerine powders there is some in evidence, as the theoretical proportions of gases 
are not attained.

Indicators.

45. An important step was made toward a better quality of cellulose nitrates 
when the pulping process was introduced. However, the final purified product is 
subject to slight chemical changes with age and unfavorable conditions of storage 
which can not be prevented. It can, however, be slowed down and the stability 
life lengthened. By the definition of an explosive, the atoms can be regrouped 
into mores suitable compounds. The bonds holding the NO2 radical in the smoke­
less-powder molecule are the weakest, and this radical is the first released. Its 
release, or the breakdown of the molecule, is accelerated by heat. Furthermore, 
the release of free nitrous oxide radicals causes a local heating tending to cause 
other and more stable molecules to give up their NO2 radicals, and, in addition, 
their acid reaction also assists in further decomposition. Thus, the processes in 
deteriorating smokeless powder molecules are progressive and cumulative. As a 
result of this action, in older powders constant watching was required and frequent 
withdrawals from service of powders showing reduced stability became necessary.

46. During the early periods of use of nitrocellulose powders, no means were 
used for arresting the decomposition by incorporating other materials. It was 
found, however, that deterioration could be detected. This was accomplished by 
incorporating an organic dye which, due to the presence of free oxides of nitrogen, 
would change color; in other words, the powder itself would indicate deterioration. 
Rosaniline was the indicator generally used, giving the powder grains a reddish 
tint which, when affected by the acidity of the free oxides of nitrogen, gradually 
faded out. The rosaniline, although of primary value as an indicator, acted also 
in a slight degree as a stabilizer. Further study showed that if a substance could 
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be incorporated in the powder which would take up the oxides of nitrogen as they 
were freed, the process of deterioration would be slowed down. Such a substance stabilizers, 
was found in diphenalymine. It actually combines with the NO2 radicals, and in 
so doing undergoes a process of successive nitration, each molecule being able 
to take up any number of NO2 radicals up to six.

47. Actually, on chemical examination of a smokeless powder, it is possible 
to detect a series of diphenylamine compounds containing different quantities of 
nitroradicals. Until the diphenylamine will take up no more the stability of the 
powder is unimpaired. Diphenylamine is now incorporated in all United States 
Navy smokeless powders and consequently prolongs their stability life. The change

Fig. 27.—Rework Mill.

in chemical composition does not affect the ballistic qualities, as the new compounds 
form other gaseous compounds on combustion.

48. When the system of stabilizing smokeless powders was inaugurated, there 
was developed a system for reclaiming the unstable powders. This system of re­
claiming or reworking powder has been extended to include remains of exhausted Reworked 
indexes, unstable powders, “fag ends” of lots too small for target-practice purposes, powder* 
and powders dumped in water after target practice. Only straight nitrocellulose 
powders are reworked, as by this system only the cotton and acids can be reclaimed 
economically and efficiently. As a large percentage of the nitrated cotton is re­
claimed, the product is not again treated with acids, so the percentage of nitrogen 
in the product as reworked must be that desired in the finished powder.
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Operation. 49 p0Wder to be reworked is stowed under water in vats until required

for use. It is then ground into a fine pulverized condition in water in steel-wheel 
mills (fig. 27). The charge is made by adding the powder grains in small amounts 
periodically and keeping up a continuous operation of the mill. The finely divided 
product floats off in the water and is deposited in a labyrinth after it has passed 
through a screen. It is collected and pumped into poachers, where it is given a 
special purification treatment similar to the poaching process for the new pyro. 
This treatment produces a reworked pyro, differing from new pyro in color and 
physical appearance. It requires special'dates in further manufacture and a different 
treatment is necessary throughout manufacture, especially in dehydrating and grain­
ing, though the processes conform in all major respects to that of new pyro sub­
sequent to the poaching process. The final product is similar in appearance, how­
ever, to the finished powders made from new pyro, and the performance is in all 
respects satisfactory for the guns for which the reworked powders are designed 
and made.

50. Until a smokeless powder lot has been accepted, it is under a series of tests 
which may be grouped as chemical during manufacture and ballistic after manu-

Test of mate- facture. The raw materials are all tested to determine their suitability. The pyro 
is tested for purity and determination of nitrogen content. The acids are tested 
for composition, purity, and strength; the powder is tested for final composition 
and physical requirements, i. e., volatiles, stability, and size and uniformity of grains. 
After all these tests the powder must then be shown to be suitable for use in the gun 
for which designed, by giving an actual firing test the correct velocity within the 
allowed limits of weight of charge and pressure.

51. Powder proof is generally conducted during proof of a new gun. The 
powder is heated to a standard temperature of 90° F., and is maintained evenly at

proof test. this temperature until fired. With a new gun rounds from two lots are fired alter­
nately, beginning with smaller charges and increasing the weight of charge above 
service. The velocities and pressures are taken on each round and plotted on cross­
section paper to scale, with the velocities and pressures as ordinates and the weight 
of charge as abscissae, and from the curves obtained the service and target practice 
weights of charge are picked off. Sufficient rounds are fired to demonstrate that 
the powder will give a regularity within one-half of 1 per cent at service.

52. When new guns are not available, the following method is followed. A 
standard powder of mean web and volatiles for each type of gun is selected and 
proved in three new guns under uniform conditions, for the selection of a master 
standard powder. This powder, which must show perfect regularity, is used as a 
standard for comparing other powders. A current standard is similarly selected 
and proved against the standard powder in an old or new gun. By comparing the 
results obtained, the correct charge for a new gun can be determined. The current 
standard is used in order not to exhaust the master standard too rapidly. When 
powders come to proof thereafter, they are proved in a new or worn gun against 
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two rounds of the current standard, and the proper correction made for determining 
the ballistic properties with reference to the master standard. For instance, sup­
pose A equals the correct weight of charge for the master standard under standard 
conditions, and under the same conditions the current standard requires B weight 
of charge; if, then, on some other day, a new powder gives C weight of charge to the 
current powders B', then C should be corrected for the difference between B and B'; 
in order that the new powder may have a weight of charge which will give the cor­
rect velocity under standard conditions. All powders proved by this method will 
then give under similar conditions the same velocity for service weights of charge.

53. Frequent checking of the current standard and occasional checking of the 
master standard will show any changes in either.

54. All Navy smokeless powders are manufactured as described above, with special pro- 
some slight differences due to difficulties experienced with varying grain sizes. A peUant!>- 
different treatment results in producing small-arms powders to obtain other com­
positions. The powder required must be quicker, hence it is of somewhat higher 
nitration, and also the grains are usually coated with some substance, ordinarily 
graphite.

55. A special type of small-arms powder is used for blank cartridges, consisting a r ms
of nitrocellulose and potassium and barium nitrate granulated in small round
grains.

56. A special propellant, called ballistite, is used for Stokes mortars. It is a Ballistite, 
double-base powder composed of about 60 per cent nitrocellulose and 40 per cent 
nitroglycerine, and it is made up into flake powder for loading into the paper
shells. It is also used in shotgun ammunition.

57. The latest development in propellant powders is toward the production of po^Jears h 1 ess 
a flashless powder. Its use is most desirable not only to mask the gun firing but
also to relieve pointers and fire and ship control parties from the serious incon­
venience of the blinding glare of the discharge of guns. The problem is to prevent 
the combustion of the incandescent gases of the powder on contact with the oxygen 
of the air. The problem is by no means a simple one as it means the addition of a •
substance, either to encompass the flaming gases or to reduce their temperature. 
Most of the substances thus far investigated act as deterrents, and thus affect the .
ballistics, and in addition produce an increase in smoke. Many substances have 
been tried, but the details are confidential. As one of the requirements is that the 
stability shall not in any way be reduced, the regulations regarding care and storage 
remain the same as for standard smokeless powder.





Chapter VI.

EXAMINATION AND TESTS OF POWDER ON BOARD SHIP.

1. The details of manufacture of powder and explosives are discussed in Chapter
5. More detailed information regarding manufacture may be found by consulting 
works listed in the bibliography in the preface. Smokeless powder is a uniform 
ether-alcohol colloid of Cellulose nitrates. Except for minor details the same 
specifications are used by the United States Army and Navy. The powder is ^Assignment to 
manufactured in "lots” for the purposes of test and issue, varying in weight from 
25,000 pounds to 125,000 pounds, depending on the granulation. After proof 
firing and acceptance, a lot or several lots blended together is given an index number 
and assigned to a specified gun with approved weights of charge for service and 
target-practice velocities. An index may be assigned to different calibers or marks 
of guns, in which case different weights of charge are assigned. Frequently, when 
projectiles having different weights, different band measurements, or when veloc­
ities differing from service are desired, other special weights of charge are assigned. 
In addition to the index number it is necessary to designate indexes by prefixing 
certain letters to show to which of the following classes a lot belongs.

(a) “S. P.” means "smokeless powder” and its use is held over from the time. Designation of 
when indexes of both brown and smokeless powder were m service. At present, nzed- 
when used alone this prefix designates an "unstabilized powder.”

(&) “ S. P. R.”—Certain index numbers between 800 and 883 were manufac- Rosaniline, 
tured with the addition of rosaniline as an indicator. These powders are reddish 
in color, and the indicator was intended to show by a change in color when the 
powder began to decompose. The rosaniline did not act in any way as a stabilizer, 
and like S. P. indexes, S. P. R. powders are classed as unstabilized.

(c) “S. P. D.”—Following the use of rosaniline, the manufacture of powders mine?116117 la 
containing diphenylamine was taken up. This chemical is a weak organic base 
and when incorporated in the powder serves to neutralize any acid products of 
decomposition at once and thereby prevents progressive deterioration of the powder, 
which is the ordinary effect of the acid products in unstabilized powders. All 
powders manufactured since index number 883 are stabilized by the addition of 
a small percentage of diphenylamine, and although some have been in service 
fourteen years, they are all of perfect stability, giving a surveillance test of 60 
days plus, except in a few cases where they have been exposed to improper storage 
conditions. Unstabilized powders, on the other hand, have been and are continually 
being withdrawn from service for stability reasons. The prefix "S. P. D.” denotes 
a stabilized powder.

(61)
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Reworked. <. g p p —q^pe addition of the “W” denotes a “reworked powder.”

When indexes are declared exhausted and withdrawn from service, whether for 
stability, ballistic reasons, or “fag-ends” of lots, insufficient for use in target prac­
tice, or when dumped in water after use at target practice, the powder is shipped to 
the naval powder factory for “reworking.” The powder is ground up, purified, 
and reprocessed as explained under the manufacture of powder in chapter 5, and 
reissued as new indexes. Reworked powders run slightly lower in nitration than 
powders manufactured from new pyrocellulose, and they are more brittle, but 
for regularity of ballistic results they are the equal of new powders in the guns to 
which they are assigned. It is the present practice not to manufacture reworked 
powder for guns of high service pressures, especially those of large caliber. Re­
worked powders are stabilized.

water dried. (e) “ p p x.” indicates a stabilized water-dried powder. The require­
ments for rapid production due to the European War brought about the develop­
ment of this process to a high degree of efficiency. All tests show that powders 
so manufactured are of excellent stability and regularity in ballistic qualities. 
The manufacture has not been carried beyond the 5-inch, 51-caliber powders so 
all powders of greater web thickness are air dried, but the possibilities can not 
be said to be exhausted.

Flashless. (/) “8. P. D. Q.” denotes a flashless powder. By the addition of certain
chemicals in a secret process the muzzle flash is reduced to a smalt red cone, prac­
tically invisible at any distance at night.

Blended lots. (^) “ g. p_ p. ft” denotes a blend of more than one index, or lot to utilize 
“fag-ends” in target practice, for proof work at the proving ground, or to modify 
slightly the characteristics of the indexes forming the blend, such as blending a 
quick and slow powder to produce one of average characteristics, or to increase 
the amount of powder in the index.

2. Smokeless powder, containing as it does the volatile substances, ether and 
alcohol, can not be held to possess unlimited chemical stability, and the length of its 
life depends very largely on the conditions under which it is stored. At tempera- 

stabiiity. tures approaching 100° F., the period during which it will retain stability sufficient 
to warrant its retention in service is relatively short. Although chemical tests give 
an indication as to the probable life of powder, no satisfactory method has been 
devised of foretelling with certainty its length of life. The only safeguard is, there­
fore, to discover loss of stability by frequent tests, and such tests shall be made with 
increasing care and vigilance.

^care hi carry- 3. Officers charged with the care of magazines and the examination and tests 
of smokeless powder shall thoroughly familiarize themselves with the practical 
methods of making such examination and tests, and shall be held responsible for the 
accuracy thereof and for the correctness of the official reports thereon. In order 
that the tests may be of value, as indicating the stability of powder, it is essential 
that the methods in all details shall be uniform, and those charged with this duty
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must follow strictly the prescribed methods. The apparatus and methods to be 
used are described in detail later on. Commanding officers may take advantage of 
visits to navy yards to send officers whose duties require supervision over powder 
tests to the ammunition depot in the vicinity for the purpose of obtaining special 
instruction in surveillance test work and for checking methods and results.

4. The Bureau of Ordnance records all tests reported from the various sources e«c om ot 
and keeps careful records of the disposition and condition of each index, in ordertests'
that proper steps may be taken, without delay, to dispose of any index which 
develops low stability. In the case of powder on the Asiatic station, including 
Samoa and Guam, this duty has been delegated to the inspector of ordnance in 
charge of the naval ammunition depot, Cavite. In order, therefore, that the system 
may be carried out, care is enjoined to submit correct and complete routine reports 
of ammunition on hand, stability tests, etc. More complete information regarding 
these reports is continued in chapter 23:

5. The following examination and tests shall be made of smokeless powder on tesptsre 8 c r 1 bed 
board ship:

(a) Daily.—Visual examination of samples and test for local heating in maga­
zines. Examination of violet paper.

(&) Fortnightly.—Visual examination of each replacement sample.
(c) Monthly.—Visual examination of one or more charges of each index; 

65.5° surveillance tests on samples from broken-down charges on all indices that 
give a test of less than 30 days.

(d) Bimonthly.—65.5° surveillance test from replacement samples on all 
indices giving 30 to 39 days’ test.

(e) Quarterly.—65.5° surveillance test from replacement samples on all indices 
giving 40 to 59 days’ test.

(f) Semiannually.—65.5° surveillance test from broken down charges, on all 
indices on board.

6. When ammunition containing smokeless powder is issued to a ship by an pl“a’azllie sam‘ 
ammunition depot, there shall be supplied with each issue “magazine samples” 
contained in a glass bottle with a tight glass stopper, one for each index and magazine
in which the index is to be stowed, and a “replacement sample” in an air-tightsamples?6™en* 
glass or metal container for use in bringing up to weight a charge which has been 
drawn on for surveillance test, one of the latter for each index issued. When ammu­
nition is transferred, these samples shall accompany it. In case ammunition is 
expended, the magazine sample bottles and the replacement samples shall be re­
turned to an ammunition depot. Ammunition depots keep on hand for observation 
small amounts of each index issued, these samples being known as “retained 
samples.”

7. The different magazine samples shall be stored in the racks provided, in the stowage or• . , i i • -i t -i i Ti 1 i magazine sam-same magazine with the indexes which they represent, and shall not be opened pies, 
except for the purpose of changing the violet paper as provided for below. Magazine

28015—24------ 6 
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sample bottles shall not be used in surveillance ovens, nor shall “nonsol” bottles, 
especially prescribed for making surveillance tests, be usd for mgazine ■ samples. 
Each magazine sample when received will have a strip of N/10 violet paper in it 
bearing a date showing when the test was started.

na’tvm 8- The daily examination shall be made as part of the daily magazine inspec­
tion, which shall be made of all magazines and ammunition spaces, and shall consist 
of a visual examination of each magazine sample in a good light, without removing 
the stopper, to note whether the powder retains its normal appearance and for any 
change in the color of the violet paper. The presence, at any time, of reddish 
brown or orange colored fumes in the bottle will indicate decomposition of the 
powder. Since advanced decomposition of powder is often accompanied by heat, 
several charges of each index shall be examined daily for evidence of local heating 
by laying the bare hand on the surface. All charges being inclosed in metal con­
tainers, the heat emanating from decomposing powder is rapidly dissipated from the 
metal. While the hand is able to distinguish a few degrees difference in temperature 
between two containers’ surfaces, it must be remembered that a large part of the 
charge must be in a very unstable condition to produce this heating effect. As 
many containers as can be readily reached should be observed in this way. Any 
charges which are apparently showing signs of heat from decomposition should be 
opened and the condition of the powder checked immediately by the other pre­
scribed tests in order to insure a correct report of conditions.

vuut*-Ppaper 8a. The result of the decomposition of nitrocellulose powder is the emanation 
test- of oxides of nitrogen, which, if not immediately absorbed by the stabilizers, will be

given off in the form of gases. These gases are strongly acid and will attack mate­
rials like metal or cartridge-bag cloth. They also possess oxidizing properties, 
and this fact is taken advantage of in the violet-paper test, as the coloring material 
of the paper, methyl violet, is decolorized by the oxides of nitrogen. The strips 
of violet paper issued are of standard size and contain a definite amount of the 
coloring material. The paper strips when exposed to the gases given off by the 
decomposition of a standard sample of powder are attacked and will absorb a 
definite amount of oxides of nitrogen, and the coloring material in the paper will 
be changed from violet to white. The time required for this change in color is an 
indication of the relative rate of decomposition of the powder. For this reason, 
only one strip shall be exposed to a sample at one time.

i»tKpap’r.of v10' 9- Two kinds of methyl violet paper are made for use in conducting test of
smokeless powder. One, known as normal violet paper, has a deep tint and is used 
only in the laboratory for making the “German test at 135° C.,” required by the 
powder specifications. The other is known as one-tenth (N/10) normal violet paper, 
and has a paler tint. The latter is issued to ships and ammunition depots for 
testing smokeless powder at normal atmospheric temperatures. The naval powder 
factory is the designated source of supply for violet paper, as it is prepared there 
in the laboratory, and shipped fresh as required. When received, the paper shall 
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be transferred to tight glass-stoppered bottles and stored in a dark place. It is 
not affected-by ordinary handling, but should be kept clean and dry, and it is used 
dry. It is not affected by other acids than oxides of nitrogen, and is only slightly 
affected by light, but it is better to subject all tests to as little light as possible. 
Deteriorating paper will show up by a whitening around the edges and when this 
occurs a fresh supply should be obtained. The Bureau of Ordnance supplies 
ammunition depots with their requirements on request, and as they always have 
a fresh supply in excess of their needs, ships may obtain new paper by applying 
direct to the ammunition depots. It is not considered desirable to have supply 
officers keep violet test paper on hand, as technical supervision is required to insure 
the use of a suitable quality.

10. The object of the violet-paper test is to supplement the surveillance test e t?paper test.10" 
and to give warning of powders requiring special vigilance. It can not be regarded
as a definite quantitative test to the same extent as the surveillance test or the 
heat test conducted at ammunition depots. All indexes aboard ships shall be con­
tinuously subjected to violet-paper tests by means of the magazine samples, and 
ships not equipped with surveillance test ovens shall have three samples of all 
powders on board continuously subjected to this test, each representing a different 
charge. Doubtful powder should be given special attention on violet-paper tests.

11. To test powder from rounds, charges, or bulk powder, a sample of 12 ounces du“t¥ngod ?ioi°et- 
of the powder shall be placed in a 16-ounce glass-stoppered bottle. Fruit jarsPaper test-
or 8-ounce bottles partly full will permit of carrying on a satisfactory test, as the 
quantity does not change the test, but it is better to have a standard procedure. 
ONE strip of DRY violet paper, marked in lead pencil with the date of starting 
the test, is dropped into the bottle on the powder and the bottle is then closed 
tightly. It is preferable to stow the bottle in the warmest part of the magazine, 
but as a rule special racks are provided. The bottle should be carefully protected 
from bright sunlight. The change in color due to the oxides of nitrogen, if any 
are present, causes a gradual fading to a faint violet, then a change to blue, and 
finally total loss of color, leaving a white paper. The time of the test is the number 
of days required for the paper to become white, and the bottle should not be opened 
during this time. In submitting reports of tests always show the total number 
of days from date on paper that the strip has been in the bottle, omitting the (+) 
sign to show that the paper has not turned white.

12. The paper will not become white in two months at ordinary temperatures. 
The same paper can remain in a sample bottle indefinitely, so long as it does not 
turn white. Cases have occurred where this test has rim continuously for several 
years. If a noticeable change in color occurs in two months, another sample bottle 
should be started.

13. As the decomposition of nitrocellulose powder depends to a very large influence or 
degree on the temperatures to which the powder is subjected, so the duration oftemperatnre- 
the violet-paper test is dependent on the temperatures existing during the test.
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The violet-paper test of two months specified for serviceable powders above is 
intended as a jminimum under the average temperature conditions obtaining 
aboard ship.

,urveifianceVd 14- The following table presents some useful comparisons between results of 
tests1?1 'paper violet-paper test and surveillance test of the same powders.

Powder samples.
Surveil­

lance test 
at 150° F., 
in days.

Violet paper.

At 64° F., 
in days.

At 70° F., 
in days.

At 100° F., 
in days.

At 110° F., 
in days.

At 150° F., 
in days.

6-pounder.. .. 7 217 67 12 3 2
Do............................. 21 400+

81
252+

21
39 13 2

8/35-inch cal............... 19 5 2 2
Do........................... 48 334 220 12 7 3

It might be supposed that it would be possible to use this paper in powder 
tanks or packing boxes, but such is not the case, because the oxides of nitrogen 
attack the cartridge-bag cloth and metal and increase the time of test so much 
as to make results unreliable.

coiornofrdvjoiet The total loss of color of violet paper should be checked by examination
paper. in good light and comparison with prepared standards. These standards may

be prepared by holding strips of the violet paper in red fumes formed by the action 
of dilute nitric acid on copper, or by exposing to the sun’s rays a small quantity of 
small-caliber unstabilized powder in a bottle until a slight odor of nitrous fumes is 
noticed, and then dropping a strip of violet paper in the bottle, or by making use 
of one of the test samples in the surveillance oven when nitrous fumes first appear. 
Graduations of loss of color may be obtained in this way and the sample strips 
retained without special care for future use. Shipments of violet paper from the 
proving ground will contain sample strips (turned white) which have been exposed 
to nitrous fumes in the manner above described, and these strips may be used for 
purposes of comparison.

teiFt°rtnl s h 11 y Fortnightly, the powder in each replacement sample shall be visually
examined for signs of decomposition or change in appearance. After making this 
examination, particular pains shall be taken to see that the replacement sample 
containers, the contents of which are to be exposed for as short a time as possible, 
are restored to their former air-tight condition. In event no replacement sample 
is furnished, one charge shall be used for this purpose and plainly marked as such. 

Monthly test. 17. Monthly the powder in one or more charges of each index shall be visually 
examined for signs of decomposition or change in appearance and test samples 
removed for 65.5° surveillance test on all indices which gave a test of less than 
30 days on the last surveillance test. Different charges shall be selected from 
time to time for this examination, and care shall be exercised to expose the charge 
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for as short a time as will permit a thorough examination and to restore the tanks 
or cartridge cases to their former air-tight condition.

18. When a charge of powder decomposes, nitrous fumes are given off. These N,trous fumes, 
fumes have a pungent, characteristic odor which can be detected by smell when
the package is first opened. To make this of value, it is necessary that the nostrils 
be applied to the charge immediately after opening the case, and that the officer 
making the examination be familiar with the odor of such nitrous-acid fumes. 
They must not be confused with the odor of ether or alcohol, which is natural, 
or with acetic-acid odors which are sometimes present in old ammunition. If 
decomposition has proceeded very far, the metal container may show signs of 
attack by formation of a green or white rust on the inside. Only in the very 
worst cases are there likely to be present orange-colored fumes of nitrous acid, and 
this would be accompanied by very strong corrosion of the case and an overpowering 
acid odor.

19. The examination of powder for physical appearance should be made in nJ,®"*1 exam1' 
a good light and by comparison with the magazine bottled sample. So long as
the bottled sample maintains a reasonably good violet-paper test, this sample may 
be considered representative of the index. In examination of the charges the 
idea is to note a change from its original condition. Powder in service is of various 
colors, ranging from buff color to amber and black. Certain indices have been 
dyed rosaniline color, which in time may fade out, but this fading of color is not a 
cause for alarm, although indicating some loss of stability. It indicates the ne­
cessity for careful testing. Reliance may be placed on the violet-paper test and 
surveillance test. Stabilized powders may become black with only very slight 
decomposition, so that any darkening of the grain is not a criterion of its stability, 
as such a grain may be dead black and still have present 90 per cent of the stabilizer. 
Unstabilized powder becomes lighter in color as it decomposes.

20. When a grain of powder has considerably decomposed there is always pearance.in ap’ 
set free nitrous acid which attacks the alcohol present in the grain and the tough 
qualities are in a measure lost. Fine hair-line cracks develop on the edge of the
grain where there is the greatest loss of volatiles. Here the grain becomes brittle 
and the structure may be crumbled and broken off much like sugar, while the 
balance of the grain is still tough and hornlike. Finally the whole of the grain 
may be involved in this brittle condition. Grains which have developed even the 
first stages of such brittleness will show a very low violet-paper test and surveil­
lance test, and such tests should be made to confirm the first diagnosis.

21. As a further check on the stability of powder a surveillance test will be teft"7e111 a 11 c e 
made on every index on board as follows:

(a) Monthly.—On all indexes which give a test of less than 30 days, sample 
from broken-down charge.

(&) Bimonthly.—On all indexes which give a test of from 30 to 39 days, inclusive, 
sample from replacement sample.
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(c) Quarterly.—On all indexes which give a test of from 40 to 59 days, inclusive, 

sample from replacement sample.
(d) Semiannually.—On all indexes, samples from broken-down charges.
(e) Special.—To be made at such times as the officer responsible for the same 

considers necessary or proper, due to abnormal or unusual conditions, such as 
undue heating of magazines, etc. Wherever an index indicates loss of stability in 
the daily or fortnightly examinations or in the violet paper test it shall be subjected 
to the surveillance test at once.

(/) Small arms powder in rounds afloat need not be tested.
(g) Target practice or experimental firing ammunition afloat need not be 

broken down for surveillance test within six months of its issue from a naval ammuni­
tion depot, but thereafter ammunition of this type shall be tested the same as service 
ammunition, using powder from the magazine samples for the surveillance test.

Principle of 22. Any nitrocellulose powder will gradually decompose at high temperatures. 
For stabilized powders as the temperature increases above 90° F., the rate of decom­
position rises rapidly. At ordinary atmospheric temperatures, however, such as 
are found in the magazines aboard ship, the rate of decomposition of serviceable 
powders is slow, and it is difficult to obtain quantitative data regarding the stability 
of a given powder at such temperatures, owing to the time required for the com­
pletion of a test. The violet paper test may be expected to show up a “bad” 
powder which is rapidly decomposing, but it can not be expected to give quantitative 
data regarding the stability and rate of decomposition of powders which are still 
serviceable.

Necessity for 23. This quantitative data is absolutely necessary for .all powders afloat and 
ashore, not only for the protection of the ships, shore depots, and personnel con­
cerned in their handling and storage, but also for the guidance of the Bureau of 
Ordnance in withdrawing powders from service when their stability begins to show 
progressive deterioration.

Results from 24. To obtain the necessary quantitative data regarding the stability of a 
given powder, advantage is taken of the fact that the rate of decomposition of 
smokeless powder is much greater at elevated temperatures than at normal atmos­
pheric temperatures. The decomposition of the powder to be tested is “forced” 
by subjecting it to a constant artificial temperature of 65.5° C. (150° F.), and the 
time required by a standard sample of the powder to give off a standard visible 
amount of nitrous oxides (products of decomposition) noted. This test is known as 
the surveillance test, and the result expressed in “days” serves to give a definite 
measure of the stability of the powder. Successive surveillance tests show the 
rate of decomposition of the powder and form the basis of the data on which powders 
are condemned and withdrawn from service.

How made. 25. In the surveillance test a fixed quantity of the powder to be tested is
inclosed in a special, tight, glass-stoppered bottle and exposed to a constant tem­
perature of 65.5° C. in an electrically heated constant temperature surveillance 
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oven supplied for the purpose to all battleships, cruisers, monitors, tenders, torpedo 
vessels, and to the large gunboats. The sample under test is examined once daily 
until red fumes appear, which mark the end of the test. The record to be made is 
the number of days it has taken to develop these fumes. The surveillance oven is 
described in chapter 7.

26. The results of the surveillance test shall be reported to the Bureau of suits?0*1’ of re' 
Ordnance on the smokeless powder test card (Ord. Form No. 67 and 67A, see ch. 23).
At the end of 60 days the test shall be discontinued, unless for particular reasons 
it is desirable to rim it longer, and any index which does not give red fumes within 
this period is to be reported as "60 days + .”

27. On board ship when a powder gives a surveillance test of or below the DanRer P°lnL 
limits given in the following table, a special report shall be made to the Bureau of 
Ordnance immediately and three samples shall be immediately forwarded to the
nearest naval ammunition depot with a notation of the circumstances; the naval 
ammunition depot receiving the samples shall immediately make surveillance and 
heat tests and shall report the results of each as soon as completed.

Days.
16", 14", and 12"/50............................................................................................................................................. 23
12"/45 and 10"/40.................................................................................................................................................. 21
12"/40 and 8"/45..................................................................................................................................................... 19
13"/35, 12"/35, and 7"/45.................................................................................................................................. 18
10"/30, 8"/35, 6"/50, 5"/51, 4"/50, Mark IX............................................................................................ 17
6"/40, 5"/50, 4.7", and 4"/50, Mark VIII.................................................................................................. 16
All others..................................................................................................................................................................... 15

28. Smokeless powder indexes or parts thereof at naval ammunition depots taken10when be? 
giving less than two-thirds the limits fixed in this table, will be segregated pending a n s e r 
instruction from the Bureau of Ordnance regarding their disposition.

29. In making a surveillance test, the number of 8-ounce, salt-mouth, "nonsol” test”botties.nc* 
glass-stoppered bottles required are thoroughly washed and dried. The particular
type of bottle which must be used is supplied from the naval powder factory, 
Indian Head. It has a peculiar, pale, yellowish-green color which makes it readily 
distinguishable from any other glass bottle known. This type of bottle shall not 
be used for violet-paper tests. The bureau obtains its supply from the Whitall- 
Tatum Co., of Millville, N. J. The stoppers are of ordinary glass, ground in with 
fine emery and a solution of camphor and turpentine to make an air-tight joint, 
after which the stopper and bottle must be thoroughly washed. When a stopper 
has been ground in to fit a bottle, it should be attached to it loosely with a piece of 
twine, but the twine must not be used to tie the stopper down during a test. Sealing 
wax shall not be used to seal bottles during a test. Each bottle has an etched 
space on it which serves for pencil markings showing the index number and date of 
commencing and ending the test.

30. Powder from any sample or charge may be used if so desired by the gun- sampies.lon °f 
nery officer, but surveillance tests of powder samples taken as set forth above for
the monthly, bimonthly, quarterly, and semiannual tests must be conducted.
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The powder shall be exposed to the air as short a time as possible. Five whole 
grains are to be used for large grained powders, such as 10"/40 and above, except 

ducting test.con’ the 13"/35 and 12"/35; 45 grams in whole grains shall be used for powders for 
guns below the 10"/40, including the 13"/35 and 12"/35. The proper entries shall 
be made on the etched space of each bottle. The bottles, after the stoppers are 
fitted snugly, are placed in the surveillance oven, and if all the spaces are not filled 
empty stoppered bottles will be used to fill the oven in order that a more reliable 
heat distribution may result. It is most desirable that the room in which the 
surveillance oven is placed be maintained at as constant a temperature as can 
possibly be obtained. As the test continues the temperatures within the oven 
shall be maintained at 65.5° C. ±1° C. The automatic relay will ordinarily pro­
vide this careful regulation, but should this in any case fail to function the test will 
be vitiated, either by allowing the oven to cool off or by overheating. Frequently 
explosions occur in the ovens, due to overheating from a failure of the relay to cut 
out the necessary heating units. It must be borne in mind that under the influence 
of the heat applied the molecules of nitrocellulose break down and the nitrous oxide 
radicals are released. The greater the heat applied the shorter the time to this 
breakdown. If any doubt exists as to the reliability of the relay, the oven should 
be watched. As it is impossible to predict just when the nitrous oxide fumes will 
appear, each bottle containing a sample shall be examined daily for the appearance 
of the characteristic red fumes. The examination will consist of holding the bottle 
in a good light against a white paper background, with the "fume tube” alongside 
for comparison. A “fume tube” is provided for each oven filled with nitrous 
oxides prepared at the naval powder factory, according to the fixed standards. 
The bottles must not be opened while the test is in progress, but shall be expedi­
tiously removed from the oven, examined, and quickly replaced, and precautions 
shall be taken to retain the heat in the oven. The control thermometer should be 
frequently checked.

teft?mpletlon of 31. When the red fumes appear in a bottle the test is completed, and a record 
is made of the number of days which have elapsed since the test was started, this 
being the measure of the stability of the powder. Should there by any doubt as 
to the presence of fumes at a daily examination, the appearance should be carefully 
noted and a close examination made on the following day, when the additional 
24 hours’ exposure should have considerably increased the depth of color. The 
standard fume tube should always be used for comparison. When unmistakable 
signs of red fumes have appeared, or when the test has run for 60 days, the bottle 
shall be promptly removed from the oven and the sample thrown overboard. After 
a test the bottles are thoroughly washed and dried and another test started, or else 
they are reserved for future use. With small-caliber powders not in good condi­
tion, the fumes develop quite rapidly, and the powder might explode if the test is 
carried too far. This is due to the fact that the rate of decomposition is increased 
by the presence of the oxide fumes, but no case of this sort has occurred with large- 
caliber powders, where the proper temperature has been maintained constantly.
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32. It is most essential, to have the results obtained be of any value, that ln£a™t1£esctaJ'ry' 

the strictest care be paid to complying with the instructions for carrying out the 
surveillance test. If conditions are constant, the results obtained are practically 
duplicated on tests at different times, unless some change has taken place in the
powder sample. An increase in moisture content, or decrease in solvent content 
of a powder, or actual decomposition in the powder will all affect results by reducing 
the time of test.

33. If no surveillance oven is furnished, or if for any reason the one on board no^ve^is^vaib 
is not available for use, the prescribed tests should be made at an ammunitionabl6, 
depot or aboard another vessel. The responsibility for carrying out the prescribed
tests rests with the commanding officer and he is empowered to arrange for having 
these tests conducted as called for above, the arrangements to be made without 
reference to the Bureau of Ordnance, except, when on detached duty, inform­
ation regarding the most suitable place or ship to which samples may be forwarded 
may readily be obtained from the bureau. Vessels of the Navy and ammunition 
depots will conduct tests for Coast Guard vessels or stations in the same manner 
as for naval vessels. For the manner of handling reports of tests conducted on 
another ship or at an ammunition depot, see chapter 23. In case it becomes 
necessary to ship a sample by transport or rail (shipments by mail are absolutely 
forbidden) the instructions regarding such shipments contained in circulars issued 
by the Bureau of Explosives, of the Interstate Commerce Commission, should be 
consulted. The test sample, suitably marked, shall be placed in a clean, glass, 
air-tight bottle, sealed with paraffin or wax, and the stopper secured by a cloth 
covering and twine seizing. A test sample shall consist of four ounces. Samples 
shall be properly packed and boxed to minimize breakage during transportation.

34. The following abstracts from the Interstate Commerce Commission regu- tio™?eguiations 
lations for "The Safe Transportation of Explosives and Other Dangerous Articlesforexploslves- 
by Express” are quoted as applicable to shipments of smokeless powder samples.

1. The only samples of explosives that can lawfully be shipped by express are those intended for Smokeless
examination in a laboratory. sh°lppd<L’ h°W

2. (a) Samples of explosives for laboratory examination when properly packed and not exceeding Quantities, 
a net weight of one-half pound for each sample, and not exceeding 20 such samples at one time in a
single vessel or vehicle.

The following explosives may be accepted for transportation by express, when offered in com­
pliance with these regulations:

(6) Small-arm ammunition.
(c) Small-arm primers.
(d) Cannon primers.
(e) Percussion fuses, including tracer fuses.
(/) Time or combination fuses.
(g) Safety fuse.
(ft) Safety squibs.
(i) Common fireworks and special fireworks, except when forbidden.

3. Samples of explosives for laboratory examination must be placed in well-secured metal cans or Packing, 
glass bottles or in strong waterproof paper or cardboard packages containing not more than one-half 
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pound each, and the interior package must be placed in dry sawdust or similar cushioning material 
in a strong and tight wooden box, with ends not less than 1 inch thick, and top, bottom, and sides not 
less than one-half inch thick when a nailed box is used, or with ends, top, bottom, and sides not less 
than }4-inch thick when of lock-cornered construction.

Weight. 4. Not more than 20 half-pound samples of explosives for laboratory examination may be placed
in one outside box or transported at one time.

Marking. 5. Each outside package containing samples of explosives for laboratory examination must have
securely and conspicuously attached to it a square red certificate label measuring 4 inches on each side 
and bearing in black letters the following:

Red Label for Samples of Explosives

(Reduced Size)

EXPLOSIVE

Sample for Laboratory 
Examination

Handle Carefully
Keep Fire Away

This is to certify that the above articles are properly described by name and are packed and marked . 
and are in a proper condition for transportation, according to the regulations prescribed by the Inter­
state Commerce Commission.

(Shipper’s name.)

RexMiins con- 35. Containers which have been opened for examination of contents or for the 
removal of powders for test are to be restored to their former air-tight condition. 
Cartridge cases will have projectiles or mouth plugs replaced and will be made air­
tight as follows: With fixed case ammunition the joint between the end of the 
cartridge case and the rotating band of the projectile shall be covered with adhesive 
tape and given a coat of clear shellac; with separate case ammunition closed with a 
cork mouth plug, the plug will be shellacked on the side and replaced and the outer 
joint then coated with shellac. In the event the mouth plug is damaged, so as to 
render it nonair-tight, the mouth of the cartridge case will be covered with clean 
canvas and seized with twine, after which a coating of clear shellac will be given the 
entire end. .

Powder not to 36. Powder shall not be destroyed unless it shows unmistakable signs of ad- be destroyed. .. p . . • • . P .
vanced decomposition. In the event of such deterioration, every charge 01 the 
index on board shall be examined, and only such charges will be destroyed as con­
tain the decomposing powder. Decomposition in the sense here used is evidenced 
by—

(а) The grains being friable and easily crumbled;
(б) Unmistakable odor of nitrous fumes; and
(c) Very low violet paper and surveillance tests.
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Powder found in a soft or mushy condition will be thrown overboard imme­

diately. However, occasion should arise only under the most unusual circumstances 
requiring such action, as frequent and constant observation and strict compliance 
with these instructions for powder tests will show loss of stability long before a 
powder becomes decomposed. In case it should be necessary to destroy or land 
smokeless powder for loss of stability, samples of each index shall always be pre­
served and forwarded to the naval powder factory, Indianhead, Md., for examina­
tion, and the Bureau of Ordnance notified at once of the shipment and the reasons 
therefor.

37. The foregoing has dealt almost altogether with matters relating to the care, rors’of powder? 
preservation, and stability of smokeless powder. The effect of various conditions
on the ballistics of powder is covered in chapter 20, and “Gunnery Instructions, 
1920,” chapter 22, both of which should be studied by all officers concerned. A 
considerable number of the factors mentioned in these publications as affecting 
ballistics are outside of the control of the ship, but attention is especially invited to 
the following:

(a) Exposure to moisture during storage will increase the volatile content, 
make the powder “slower” and lower the muzzle velocity for a given weight of 
charge. . '

(&) Exposure to high heat during storage, in nonair-tight containers, will 
decrease the volatile content, make the powder “quicker” and increase the muzzle 
velocity for a given weight of charge.

(c) Under certain conditions exposure to the atmosphere may produce both 
conditions (a) and (&) above, which may tend to neutralize each other, but unless all 
powder charges are subjected to the same treatment, will cause great irregularity in 
muzzle velocity. Thus, it is necessary for uniform ballistics as for stability that 
powders be kept in absolutely air-tight containers and not subjected to high tem­
peratures. “ The importance of keeping powder charges air-tight is to be considered 
on a par with that of keeping the sights in condition.” Loss of stability, unless it 
has gone so far as to render powder unserviceable, will not appreciably affect ballistics 
if other conditions are normal.

38. In case of shipwreck, flooding of magazines, or other casualty whereby ofam’
ammunition is wet or damaged, steps should be taken by the officers in charge to
forward the damaged ammunition to an ammunition depot for salvage as soon as 
practicable. In no case should such damaged ammunition be thrown overboard or 
abandoned if it can be recovered, and every reasonable care should be taken in 
handling to avoid damage to containers. If shipment is materially delayed for any 
cause, smokeless powder which has been wet should be shipped completely immersed 
in distilled water. The ammunition so treated shall always be suitably marked to 
show its condition, and the complete history forwarded to the bureau so that 
intelligent action may be taken regarding the disposition. The Government has 
suffered material loss in the past due to the failure of officers to carry out these 
instructions.





Chapter VII. 

SURVEILLANCE OVENS.

1. The Washington Navy Yard is designated as the central source of supply forpl®®urce of sup‘ 
all types of surveillance ovens, and all ovens to be furnished ships and stations will
be supplied from that yard. Spare parts for all types of surveillance ovens will be 
kept in store at the Washington Navy Yard. The proving ground is the source of 
supply for bottles and fume tubes. The Washington Navy Yard will make out 
ships’ allowance lists for all surveillance ovens, including spare parts. Surveillance 
ovens will be assigned serial numbers by the Washington Navy Yard, and a record 
of their disposition will be kept on file there. All surveys of surveillance ovens and 
all requisitions for parts of ovens should, in every case, give full information as to 
the make (or mark), number, voltage, etc., of the oven affected by the survey or 
requisition. When a surveillance oven has been damaged so that the estimated 
cost of repairs exceeds 50 per cent of its invoice value it shall be transferred to the 
n&vy yard, Washington, D. C., and a new oven requested.

2. The purpose of these ovens is to conduct the surveillance test of smokeless Pnrpose- 
powder described in chapter 6. This test consists in the determination of the time 
which smokeless powder requires under the prescribed standard conditions of the
test to produce visible red oxides of nitrogen. The standard conditions and methods 
of conducting the test are fully described in the previous chapter. The surveil­
lance oven is designed to maintain a constant temperature of 65.5° C. (±1° C.).

3. The Mark I and Mark I Mod. 1 ovens were designed to operate on a 125-volt MIod.a“d 
and an 80-volt circuit, respectively. These ovens have been declared obsolete and
are no longer manufactured or repaired. All are being replaced as they become 
unserviceable by the later designs of the Mark II ovens. The description of these 
ovens is included in this manual for reference in case the few remaining in service 
are required for use.

4. Each of the Mark I and Mark I Mod. 1 surveillance test ovens consists of 
the following principal parts :

(а) Double-walled copper oven with cover.
(б) Heating element.
(c) Special mercurial-control thermometer.
(d) Mercurial centigrade stem thermometer.
(e) Eighteen 8-ounce salt-mouth “nonsol” glass bottles.
(f) Wire basket to accommodate glass bottles.
(gr) Electrical controlling panel.
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PLATE 111.

|—HEATING COIL SLEEVE 
r-HEATING COIL VIEW OF BOTTLES IN BASKET

SLEEVE COUPLING-i

SECTION Y-Y.

CONNECTION PLUG CAP
CONNECTION PLUG

STUFFING BOX COUPLING­
STUFFING BOX------------------

THERMOSTAT­
THERMOMETER­
POWDER BOTTLE

OVEN.
COVER
OUTSIDE CASE 
INSIDE CASE

r-HEATING COIL

SECTION X-X.

Surveillance Oven, Mark I, Model 1. General Arrangement.
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PLATE IV.

SPRING CONTACT
(NORMALLY CLOSED)

RESISTANCE
575 OHMS

RELAY CONTACTS 
(NORMALLY OPEN)

LINE 
SWITCH

fWT 
RELAY

(27 OHMS

CIRCUIT BREAKER

TO HEATER
0

LAMP-/C

Q 6
TO THERMOSTAT THERMOMETER

Surveillance Oven, Mark I, Mod. I. Wiring Diagram.
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Mark L,ptl<”1 of 5. The copper oven is circular in shape and made in two sections, and so con­

structed that one section is snugly suspended in the other. The inner section is 12 
inches in diameter, and, excluding cover, is about 10 inches high, while the outer 
section is 13 inches in diameter and about 10| inches high. When the two sections 
and the cover are in place the approximate overall dimensions are about 13 by 18 
inches, the latter dimension including the extension of the connecting plug for the 
heater. The inner section is provided with a cover made of copper and lined on 
the inside with a heat-insulating material to a thickness of about of an inch. 
This cover is provided with a strong handle on its top, and also contains a hole for 
the insertion of a 12-inch centigrade stem thermometer. The inside of the inner

r

Fig. 28. Mark I. Oven Assembled.

casing of the oven is provided with a rectangular pocket for the support of a mer­
curial-control thermometer, and two holes are provided near the top of the oven 
just above this pocket, through which the wiring from the control panel to the 
mercurial-control thermometer is passed. All joints in the copper oven are brazed. 
A name plate giving the mark and modification numbers of the oven and the voltage 
of the heating element is riveted to the outer case of the copper oven. Two hinged 
hasps with staples, one on each side, are riveted near the top of the oven and serve 
to firmly hold the two sections together. When in service, the outer copper casing 
is partially filled with a quantity of glycerin (about 5 quarts), which, when the inner 
casing is in place, rises to a height of about 6 inches above the bottom. The glycerin 
serves to conduct the heat from the heating element to the inner copper casing in 
which a wire basket containing the powder samples is placed.
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6. The construction of the heating elements now in service varies to a small m^tlng e,e’ 

degree, in that the number of turns of the tubing varies from 1| to 4, and that the 
two heating wires in some coils are of equal diameters and installed parallel in the 
tubing, while in others one wire is considerably larger than the other, and these 
wires are installed in the tubing in such manner that the small wire is wound over 
the larger. However, the heating elements all consist of a f-inch special tubing, 
which, in most cases, is approximately 75 inches in length, into which is embedded 
two asbestos insulated resistance wires of a size and length to consume nearly 300 
watts. The tubing is wound in spiral form to an outside diameter of 10 inches, 
and so that the coils of the tubing all lie in a horizontal plane. The free or inner

Fig. 29.—Mark I. Oven Disassembled.

end of the coil is permanently sealed, while the outer end is fitted with a small 
threaded nipple which provides for the support of a hardwood plug that facilitates 
connection from the heating wire to the “heater” circuit on the control panel. 
This threaded nipple, in conjunction with a brass lock nut coupling and a special 
nipple riveted and soldered at the side and bottom of the copper oven, also forms 
a support for the outer end of the heating coil. The special nipple’referred to 
above is provided with a left-hand thread. Between the face of the brass lock 
nut, which screws on the end of the heating element, and that of the special nipple 
a rubber gasket is provided to insure a tight joint and prevent leakage of the 
glycerin solution through the place where the end of the heating coil projects 

28015—24------ 7 
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tlirough the outer casing of the oven. The heating element is located in the space 
between the bottoms of the inner and outer sections of the oven, but lies very 
close to the bottom of the outer casing. The 80-volt elements are rated at 3.5 
amperes and those for 125-volt circuits are rated at 2.8 amperes. To install a 
heating coil, the two screws are removed from the end of the wooden connecting 
plug, the cover of the plug removed, the resistance wire disconnected from the two 
binding posts, the remainder of the wood connecting plug removed, and the 
coupling and brass lock nut removed. The inner section of the oven is then re­
moved, the coil placed in the outer section, and the outer end of this coil passed 
through the special nipple from the inside; the rubber gasket is then put in place, 
the brass lock nut screwed on tight, the coupling firmly screwed in place on the 
special nipple, the bottom half of the connecting plug screwed on, the connections 
made to the binding posts, and the top of the plug put on and screwed in place. 
To remove a heating coil, the latter group of operations are reversed. The hexa­
gon coupling, aside from supporting the heating element to the oven, also serves 
as a packing gland where the end of the coil projects through the oven.

Mercnriai con- The purpose of the mercurial control thermometer is to automatically
eteJ. thern,oni‘ control the functions of the equipment governing the heat within the oven, this 

equipment including the relay and circuit breaker on the control panel and the 
heating coil within the oven. The thermometer is secured to a suitable, flat, 
hardwood base by two small brass straps. For further support its top end is 
slightly turned in the form of a hook and secured in the wood base. The whole 
is placed in the inner copper oven in the pocket provided for this purpose. Two 
binding posts are mounted on the thermometer base and provide facilities for 
connecting the contacts on the thermometer (permanently set at 60° and 65.5° C.) 
with the leads to the electrical controlling panels. These leads should be well 
insulated, particularly where they pass through the wall of the oven, to prevent a 
short circuit which would function the relay and cut off the current from the oven.

8. An ordinary mercurial centigrade thermometer, covered by the general 
requirements of class A of the Navy Department’s standard specifications, 18-T-8 
of February 2, 1914 (or of later revision), is inserted through the small opening in 
the cover of the oven and the lower end allowed to rest in an open empty brittle 
in a wire basket on the inside. This thermometer is used as a check on the accu­
racy of the control thermometer and to determine the inside temperature of the 
oven without removing the cover.

Bottiea. 9. Each oven is provided with 18 standard 8-ounce salt-mouth “nonsol”
glass bottles with plain glass stoppers, which should be loosely attached to the 
bottles by strings to prevent their being detached in cleaning up or use. In case 
of doubt as to the tightness of a stopper in a bottle, such stopper should be ground 
in by hand, using fine emery and a solution of camphor in turpentine. The bottles 
must be thoroughly washed and dried before using. Near the bottom of each 
bottle is an etched space for noting, in pencil, the designation of the powder, 
and the date when put under test.
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9a. The basket for containing the glass bottles is made of a strong wire mesh forWbottiesbasket 

and of the same shape as the inside of the inner casing of the oven. The wire 
mesh forming this basket is built up to about the same height as the 8-ounce 
bottles. Two stout wire handles, which serve to withdraw the basket from the 
oven, are extended 3 inches above the wire mesh and placed at right angles to 
one another. These handles are fastened to the basket by wire secured to the 
wire mesh forming the basket. All joints in the basket are firmly bound together 
by wire, and a small quantity of solder used where needed.

10. The control panel consists of a substantial polished, black enameled slate control panel, 
slab, 12 inches wide, 16 inches long, and 1 inch thick, on the front of which is 
mounted the following equipment:

(а) One 15-ampere, double pole, single throw, fusible base, back connected 
knife switch with 10-ampere inclosed fuses.

(б) One double coil solenoid circuit breaker.
(c) One relay for controlling the functions of the circuit breaker.
(d) One Edison base lamp receptacle with 16-candle-power incandescent 

lamp.
(e) One adjustable rheostat to limit the flow of current through the heating 

element.
(/) Four terminal posts, with designation plates, for connection from the 

control panel to the heating element and control thermometer.
Mounted on the back of the panel are:
(g) Resistance coils.
(Ji) Wiring.
11. The knife switch serves to open and close thejmain circuit to the oven. Knifeswitch.
12. The solenoid circuit breaker, in its normal position, when the inside tern- cuit b“e°aker.clr’ 

perature of the oven is below 65.5° C., forms the path for the current to circulate
through the heating element. When the temperature inside the oven rises to 
65.5° C., the mercury in the control thermometer closes a circuit through the coil 
of the relay. The relay then functions, and through platinum-tipped contacts 
closes another circuit through the coils of the circuit breaker which then operates 
and disconnects the current from the heating element. The functioning of the 
circuit breaker also opens and closes a circuit through an incandescent lamp 
mounted on the front of the panel. When the oven is in operation and the circuit 
breaker in normal position, the incandescent lamp should burn, and when the 
armature of the circuit breaker is raised the lamp should cease to burn. As the 
mercury in the control thermometer rises and falls, making and breaking contact 
at 65.5° C., the operations outlined above are repeated. The circuit-closing parts 
of the circuit breaker must be carefully adjusted so that when operated the movable 
carbon contact blocks do not leave the stationary carbons until the laminated 
copper contacts have cleared the contact studs by about of an inch. The 
adjustment must be so made that the copper contacts always carry the current 
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Incandesce lamp.

except during the instant the circuit is broken. When adjusted, as stated above, 
the arc formed by the breaking of the circuit takes place on the carbon rather 
than at the copper contacts. When the armature of the circuit breaker is operated 
from its normal position, a small insulated plunger attached to this armature 
opens a flat spring contact located on the front of the panel just above the circuit- • 
breaker coils. This flat spring is secured to a post at one end and lies against a 
post at the other end. Normally, it acts as a shunt to a high-resistance coil 
mounted on the back of the panel. This coil is thrown in series with the coils of 
the circuit breaker, as follows: When the relay functions, the coils of the circuit 
breaker get full current in order to life the weight of the armature, etc. After the 
armature moves upward to about | of an inch from the solenoids, the insulated 
plunger, above mentioned, lifts the flat spring, thus breaking the shunt to the 
circuit-breaker coils and throwing this shunt in series with these coils. This pro­
vision is made in order that the coils of the circuit breaker may not overheat.

KeU’r- 13. The relay is of the solenoid type and its operation has been described
above. A small brass plunger extending through the top of the solenoid serves as 
one of the relay contacts and is held in its normal position above the stationary 
contact, about J of an inch, by a light spring installed in the center of the coil. 
The two contacts of the relay are tipped with small pieces of platinum.

; 14. The incandescent lamp is the standard 16-candlepower carbon filament
lamp and is installed to serve as a pilot lamp which, when the oven is in operation, 
indicates whether or not the current is flowing through the heating element, pro­
vided, of course, that everything is in proper working order. A lamp of less candle­
power would serve the same purpose.

15. The adjustable rheostat is 10 inches in diameter and consists of highly 
polished black material, with the resistance coils embedded and held in place at 
the back by a special cement, and the whole supported in an iron frame. On 
account of the projection of the thermometer and heater binding posts installed 
on the panel, the rheostat is so mounted that there is about 1| inches of space 
between the face of the panel and the back of the rheostat. The resistance of this 
rheostat is about 14 ohms, and the resistance wire is of suitable capacity to conduct 
4 amperes at 125 volts. Connection is made to the rheostat from the back and 
through holes in the slate panel to the proper termination at the back. Around 
the face of the rheostat there are 36 circular contact buttons spaced a sufficient 
distance apart to prevent dirt or dust from accumulating and short-circuiting them. 
These 36 contact buttons represent 35 steps of resistance, the advantage of .such a 
large number of steps being that very close regulation can be obtained. The 
resistance is adjusted from the front by a highly polished black hand wheel, and 
the direction in which this handwheel should be turned to adjust resistance is indi­
cated on its face by arrows.

posts/m 1 “ a 1 16. There are four terminal posts at the bottom of the panel, two at the left
for connection to the heating element and two at the right for connection to the 

Rheostat.
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mercurial control thermometer, both of which are mounted within a circular copper 
oven. The circuits in which these posts are connected are designated by brass 
plates fastened to the panel just above each set of posts.
1 mi j- 11 • • j • ,. , .5 j • • Resistance and17. The following is a description of the resistance and wiring: wiring.

(a) The resistance mounted on the back of the panel, in the upper left-hand % 
corner facing the back, has been previously referred to. This resistance is wound 
with No. 30 Brown & Sharpe bare German-silver wire and has a resistance of 575 
ohms.

(b) The resistance on the long tube is divided in three sections and the connec­
tions of same can readily be traced by reference to the wiring diagram shown on 
Plate V.

(c) The two end resistances on the 125-volt panels contain 220 ohms and the same 
resistance on the 80-volt panels contains 130 ohms. The inner resistance on either 
panel contains 60 ohms. The slight difference in the resistance of the outer coils 
marks the only difference between the 80 and 125 volt controlling panel. The 
long tube is wound with No. 34 Brown & Sharpe silk-covered German-silver wire.

(d) The small resistance connected across the wires leading to the binding
posts for the thermometer circuit is wound with No. 34 Brown & Sharpe silk-covered 
German-silver wire to a resistance of about 90 ohms. This resistance acts as a con­
denser and protects the mercury in the control thermometer from the arc subsequent 
to the breaking of the relay circuit. •

(e) The wiring of the panel is well insulated, and the back is well protected 
by a neatly fitted sheet-iron pan held in place by nuts and four heavy brass studs, 
one in each of the four corners, which also provides for the support of the panel.

(f) Wires leaving the back of the panel are passed through suitable holes in 
the sheet-iron pan. The main leads to the panel should not be less than No. 14 
Brown & Sharpe wire, while the feeds to the heating coil and thermometer should 
be flexible and not smaller than No. 16 Brown & Sharpe. The over-all dimensions 
of the controlling panel are approximately 18 by 12 by 9| inches.

18. The fume tube is about 6| inches long and f of an inch in diameter, con- Fume tube, 
taining peroxide of nitrogen gas, and is used for comparison with the gases in the 
bottles containing the powder under test.

18a. To connect oven remove the inside case of oven and see that the heating To connect 
element is properly installed, pour about 5 quarts of glycerin in the outer case. 
Replace the inner case, forcing it down into the glycerin until the hasps can be pushed 
over the staples. Place the electric control thermometer in pocket in inner case, 
pass the leads out through the holes in side of oven, and connect to the binding posts 
marked “TH'RM'S'T” on the panel. Remove the wooden cap from protruding 
end of heater, connect the leads to the two posts exposed, and connect the other end 
of the leads to the binding posts marked “Heater” on the panel. Put the wire 
basket filled with sample bottles in place, put cover on oven, place stem thermometer 
in hole in cover, mount the controlling panel and connect up the main leads, and the 
oven is ready for operation.
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control panel. 19 panei should be mounted within easy reach of the oven on a cool dry

place (not over 90° F.), free from dirt and moisture, and in such manner that it will 
not be subjected to shock or vibration. It may, however, be mounted at any dis­
tance from the oven, but it will be found that better results can be obtained if both 
are located in the same room.

mount 20. To mount the panel remove the cover from back and connect a pair of 
rubber-covered leads not smaller than No. 14 Brown & Sharpe gauge to the line 
switch studs. Replace cover, passing the leads out through holes in top side of 
same, and mount panel in a vertical position against a wall or framework, with the 
line switch at the top left-hand corner. Open the line switch and connect the leads 
to some suitable and convenient outlet. The voltage for which the oven heater and 
control panel are wired is plainly marked on each. While the control panel will 
operate on a voltage not over 10 per cent greater or less than that for which it is 
rated, it will not operate at all if the voltage varies much in excess of 10 per cent 
from the normal rating. It will, therefore, be found necessary to make connection 
with a lamp circuit rather than with a motor circuit, on which sudden heavy loads 
are likely to be thrown. Connection to a lamp socket is a convenient way of installing. 
The current required for operation can be varied from 3 to 5 amperes with the 
rheostat.

To test panel. 21. To test the control panel.
(a) Short-circuit the thermometer binding screws. This will close the circuit 

of relay which, in turn, closes circuit of solenoid switch through platinum-tipped 
contacts. As long as the thermometer binding screws are short-circuited, the 
switch will remain open and the lamp will be dark.

(&) Caution.—Before closing the line switch examine the relay and make sure 
that the movable contaqt works freely. The plunger normally holds the platinum- 
tipped contacts open about of an inch.

(c) If the relay plunger appears to stick and not work freely, it should be re­
moved by unscrewing the lock nut at the top and carefully cleaned of any grit 
that may have found its way through the opening between the plunger and the lock 
nut.

(d) Great care should be taken not to change the tension of the spring, as this 
has been very carefully adjusted. When the plunger is replaced, be sure that the 
slot in the bottom of same fits over the guide with contact in proper position. The 
flexible lead connecting from the plunger to the panel must be intact. Next ex­
amine spring contact of circuit breaker, making sure that contacts are making good 
electrical connection with stud, then raise solenoid switch and see that when topmost 
position is reached the insulating tip on plunger has raised spring from stud about 
X of an inch. The movable carbon blocks on switch should be adjusted so that 
they do not leave the stationary carbons until the laminated copper contacts have 
cleared the studs about of an inch.
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(e) The adjustment must be so made that the copper contacts always carry 

the current except during the instant the circuit is broken. After the above in­
spection has been made, screw a lamp into the socket and close the line switch. 
If proper connections have been made and the fuses are intact, the lamp will burn.

22. To test the thermometers, connect thermometer to binding screws on the mometerV. ther' 
control panel marked “ TH'RN'S'T” with a piece of flexible wire of convenient length,
place the bulb of the control thermometer and the chemical thermometer in water 
heated to a temperature of about 75° C., and close the line switch. Closely watch the 
chemical thermometer to see that the solenoid switch operates at about the same 
moment the mercury reaches 65.5° C. Now withdraw the thermometers from the 
water and watch the thermometer as before to see that the solenoid switch falls at 
about the same time the mercury drops below 65.5° C. If the spark formed in the 
thermometer at the instant of breaking the circuit appears unduly long, the small 
90-ohm shunt resistance on back of panel may be found open. This resistance 
is shunted across the thermometer to absorb the “inductive kick” and prevents 
destructive arcing in the thermometer. A good way to determine whether or not 
this resistance is open is to raise the line voltage about 10 per cent above normal 
and short circuit the thermometer binding screws. If closed, the relay contact 
will not open its full distance when the short circuit has been removed. The undue 
arcing in the thermometer will tend still to close the relay circuit and will not permit 
the relay plunger to return to its original position.

23. To operate the oven: oven.erat,on °f
(a) The basket should be filled with empty sample bottles, and the oven operated 

one or two days to make sure that everything is in readiness before a test is started. 
After the current is switched on it will require from one or two hours to bring the 
temperature up to 65.5° C. As the electric thermometer will probably lag behind the 
indicating chemical thermometer, it will be found that the temperature will run a 
little too high at first, but after the rheostat on the control panel has been adjusted 
so that the current is automatically switched off and on at equal periods of time, 
the indicating chemical thermometer, the bulb of which should rest on the bottom 
of an empty sample bottle, will not vary more than 1 degree either way from 65.5° C. 
Should difficulty be experienced in keeping this temperature, the handles of the wire 
basket can be lowered, thereby forming four legs on which the basket can be raised 
from direct contact with the bottom of the oven.

(&) Full instructions and precautions in regard to conducting the surveillance 
test are given in chapter 6, and these must be carefully observed.

(c) The compartment or room in which the oven is operated should have as 
constant a temperature as can reasonably be maintained. If a large change in the, 
temperature of the surveillance oven compartment is anticipated on board ship 
the temperature of the oven should be carefully watched, and the rheostats adjusted 
as necessary to take care of the differences in the outside temperature.
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Mark ii oven. 24. The Mark Q oven was originally designed for operation on an 80-volt or 

a 125-volt circuit, depending on the heating elements, and were known as the Mark 
II 80-volt oven and the Mark II 125-volt oven. To avoid misunderstandings and 
incorrect shipments, the design was altered so that only one oven need be made, 
and it could be used on either an 80-volt or a 125-volt circuit. Using the same oven, 
a device was added by which a change of connections to the heating element might 
be made, so that, depending on the position of a transfer switch, the oven would 
operate satisfactorily on either an 80 or a 125 volt circuit. Such an oven is known 
as the Mark II Mod. 1 type. Subsequently another design slightly different in 
some minor particulars was developed and called the Mark II Mod. 2.

Fig. 30.—Mark II. Oven Showing Rheostat.

Description. 25. The equipment consists of the following principal parts: Heat insulated
box and copper oven, mercurial control thermometer, heating element, relay, bat­
teries, rheostats, switch, bottles, fume tube, mercurial centigrade thermometer, 
and wiring. A perforated copper pan supports the bottles and prevents their 
direct contact with the bottom of the oven. The body of the oven consists of a well 
insulated, seasoned hardwood box, with an inner wall of sheet steel. The space 
between the steel walls and wooden box is well packed with some heat insulating 
material, such as mineral wool or asbestos. The copper oven, or powder-testing 
compartment, is a polished sheet copper compartment in which the powder samples 
are tested. The mercurial control thermometer is used for the purpose of control­
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ling the functions of the special relay described later. This thermometer is mounted 
on a semicylindrical hardwood holder secured to the center of the copper oven 
bottom by brass screws. The wooden holder is provided with two terminal posts 
to receive the ends of the wires from the two points on the thermometer (60° and 
65.5° C.). Wires are run from the binding posts on the holder through a ferrule in 
the side of the box and are connected to the relay. All leads are insulated to prevent 
short circuiting.

26. The heating element is mounted directly under the copper oven and me“et“tiUB ele‘ 
consists of four coils of resistance designed for operation on either 80 or 125 volt cir­
cuits. These are so arranged that they are made to function by passing a current

Fig. 31.—Mark II. Oven Showing Relay.

through two of the coils for high heat. The constant temperature of 65.5° C. is 
maintained through the action of the mercurial-control thermometer. The coils 
are supported and completely incased in a steel pan made in two parts and held 
together by a center bolt.

27. Mounted on the exterior of the oven on the side opposite to that on which Relay- 
the rheostats are located are a special relay and dry-cell batteries. This relay is 
mounted on a hardwood base and is energized by the cells through the mercurial­
control thermometer, as noted below. When the oven temperature rises to 65.5° C., 
the mercury in the thermometer closes the battery circuit, which causes the relay 
to function and to send the heating current through the four coils comprising the 
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low-heat circuit; when the oven temperature falls slightly below 65.5° C., the 
battery circuit is broken, the relay armature is released, and in returning to its 
original position short circuits two coils of the heating element. Cutting out these 
coils causes high heat. In the base of the relay are two condensers, one connected 
in the circuit of the thermometer and the other in the circuit controlling the heating 
unit. These are installed for the purpose of and have sufficient capacity to protect 
from injury the circuit-breaking contact in the mercurial thermometer and that 
on the armature of the relay. The relay is protected by a suitable cover. The 
binding posts provided for connection from battery, line, nd from the control

Fig. 32.—Mk. II. Oven Interior.

Battery.

Rheostats.

thermometer are exposed. These binding posts are marked “Bat,” “Line,” and 
“Ther.,” respectively.

28. The battery consists of two or four high-grade standard dry cells about 
2.75 inches in diameter and 6 inches high, exclusive of carbon terminals, which 
are 1 inch higher. Each cell should give at least 1.5 volts and show about 30 
amperes on short circuit. These cells will deteriorate with use and must be regu­
larly inspected.

29. The two rheostats are located on the side of the oven opposite that on 
which the relay is mounted. They have a spiral form of resistance inclosed in a 
base so as to make a moisture and fireproof construction. The rheostat connected 
to the high-heat circuit of the Mark II Mod. oven has a resistance of about 100
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ohms and the one to the low-heat circuit has a resistance of about 150 ohms. Each 
rheostat is provided with a regulating switch, and the resistance in the rheostat 
is continuous from the first to the last step.

30. A transfer switch is mounted between the two rheostats. It is intended 
to be set to suit the voltage of the ship—that is, either 80 or 125 volts—and must 
not be shifted while the oven is being operated at either voltage.

31. Each oven is provided with 24 standard 8-ounce, salt-mouth, “nonsol.” 
glass bottles with plain glass stoppers, which should be loosely attached to the 
bottles by strings to prevent their being detached in cleaning up or use. In case 
of doubt as to the tightness of a stopper in a bottle, the stopper should be ground 
in by hand, using fine emery and a solution of camphor in turpentine. The bottles 
must be thoroughly washed and dried before using. Near the bottom of each 
bottle is an etched space for noting, in pencil, the designation of the powder and 
the date when put in the oven.

32. The fume tube is about 6.5 inches long by 0.625 inch in diameter, con­
taining peroxide of nitrogen gas and is used for comparison with the gases in the bottle 
containing the powder under test.

33. The mercurial centigrade stem thermometer is used to check the accuracy 
of the mercurial control thermometer. It is graduated in such a manner that the 
temperature inside the oven may be read without removing the thermometer. 
This thermometer stem is supported by a cork stopper in a hole of the oven cover.

34. To inspect the Mark II Mod. 1 oven remove the box cover, asbestos board 
cover, and disconnect wires from binding post of mercurial thermometer, remove 
copper oven from box. This will leave the heating pan exposed. Now trace the 
wires leading from the mercurial control thermometer passing through side of box 
and see that they are connected to the relay binding posts marked “ Ther.” Connect 
the two dry cells in parallel, and secure wires to the binding posts of relay marked 
“Bat.” (The wires from dry-cell battery are the only ones not passing into box.) 
Carry the wire leading from either relay binding post marked “Line,” through side 
of box and over the heating element through ferrule in opposite side of box, connect­
ing it to the right-hand binding post of 150-ohm rheostat, which connects to positive 
line of ship’s circuit. (In running all wires through box, allow enough wire to permit 
them to lie loosely on top of or around the heating pan, in order that the copper 
oven may rest securely on the oven supports of heating pan when copper oven is 
fastened to box.) Carry the wire from the other binding post of relay marked 
“Line,” through box and out on opposite side, connecting it to the binding post at 
the bottom of “transfer switch” which is adjacent to 150-ohm rheostat. Connect 
the wire leading from coil No. 3 (which is connected to coil No. 4) to top of binding 
post of “transfer switch” adjacent to 150-ohm rheostat. Connect the wire from 
coil No. 1 (which is connected to coil No. 4) to binding post at the top of “transfer 
switch” second adjacent to 150-ohm rheostat. Connect the wire from second post 
of coil No. 1 to bottom binding post of “transfer switch” which is adjacent to 100- 

Switch,

Bottles.

Fume tube.

Thermometer.

Wiring.
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Operation.

ohm rheostat. Connect either wire leading from coil No. 2 to middle binding post 
at bottom of “ transfer switch,” and the other wire from coil No. 2 to binding post 
of 150-ohm rheostat adjacent to “transfer switch.” Connect the wire leading from 
coil No. 3 to binding post of “ transfer switch” second adjacent to 100-ohm rheostat. 
Connect the wire from bottom binding post of “transfer switch” adjacent to 100- 
ohm rheostat to binding post of 100-ohm rheostat farthest from “transfer switch.” 
Replace copper oven, passing the two wires leading from relay marked “Ther.” 
through holes in base of mercurial control thermometer support and connect to bind­
ing posts of same. Lastly, connect the positive line of ship’s circuit to binding 
post of 150-ohm rheostat farthest from “transfer switch” and the negative line to 
binding post of 100-ohm rheostat adjacent to “transfer switch.” The foregoing 
describes the wiring diagram shown on Plate 54 (appended). Great care must be 
taken to see that all wires are securely fastened to their respective binding posts.

35. For operating the oven:
(а) In making an actual test, the oven is heated to 65.5° C. with the high- 

heat coils, at which temperature (within a permissible fluctuation of plus or minus 
1° C.) the control thermometer automatically closes the battery circuit through 
the relay, which in turn operates and connects the low-heat coils in circuit. The 
heat then gradually decreases until the temperature of the oven falls below 65.5° C., 
when the mercurial control thermometer opens the circuit and releases the relay 
armature to its original position, thus short circuiting the low-heat coils and switch­
ing in the high heat.

(б) Before proceeding with the test proper always operate the oven containing 
the 24 empty bottles at least 24 hours at approximately the correct temperature, 
65.5° C., to dry the oven and to obtain constant conditions. The wattage can then 
be adjusted by means of the rheostats, so that the variation in temperature will not 
exceed 1 degree from the normal. Although the ovens are designed to take care of 
fluctuation of room temperature, it is best to adjust the rheostats so that the low- 
heat coil will supply almost enough heat to maintain the required temperature. 
Otherwise, the relay will be called upon to operate often, which should be avoided 
as much as possible. Sufficient time must elapse between each adjustment to insure 
a constant temperature throughout the oven. Best results are obtained when 
high heat is set at 60 watts and low heat at 30 watts, in a room temperature of 23° 
to 26° C. This applies when the ovens are connected to either 80 or 125 volt circuits.

(c) Full instructions and precautions in regard to conducting the test are given 
in chapter 6, and these must be carefully observed.

(d) The compartment or room in which the oven is operated should have as 
constant a temperature as can reasonably be maintained. If a large change in the 
temperature of the surveillance oven compartment is anticipated on board ship, 
the temperature of the oven should be carefully watched and the rheostats adjusted 
as necessary to take care of the differences in the outside temperature.
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Mark II, Mod. 35 The Mark II Mod. 2 surveillance ovens differ from the Mark II Mod. 1 

ovens described in-preceding paragraphs only in the following particulars:
(a) The battery operating the relay consists of four dry cells arranged in two 

groups of series parallel, two in series and two in parallel, while the battery in the 
Mark II Mod. 1 oven consists of only two dry cells joined in parallel.

(&) The 100-ohm high-heat rheostat has been replaced by one of 35 ohms.
(c) The 150-ohm low-heat rheostat has been replaced by one of 400 ohms. 
(<Z) A 35-ohm resistance tube has been mounted on the outside of the oven 

box and connected in series with the low-heat rheostat.
(e) A slight change has been made in the design of the switch for adapting the

oven to either 80 or 125 volt circuits and a slightly different method of connection 
between the heating unit and this switch has been employed. .

(f) A wiring diagram showing the various connections of this oven is shown on 
Plate 11.

(g) The method of operation is the same for the Mark II Mod. 1 and Mark II 
Mod. 2 ovens.

thermometers or • Motometers, which are mechanical thermometers, are being furnished to a
motometers. number of the latest type vessels as a result of successful tests on the Tennessee.

These motometers are identical with the instruments found on some automobiles 
except in the graduation of the registering dial and the addition of electric contacts 
to operate an alarm bell.

38. A number of surveillance ovens have been seriously damaged and valuable 
tests have been interrupted due to the failure of control thermometers on surveillance 
ovens resulting in overheating of the ovens. Indicating dials of the motometers 
are graduated from 56° to 75° C. with a mark at 65.5° to show the temperature 
desired. At 68° contacts are provided to operate an alarm circuit, the bell of which 
may be installed wherever it may be most effective. There is 15 feet of tubing 
between the bulb (which must be placed in the temperature to be registered) and 
the registering dial. This allows the dial to be placed outside the test room on the 
bulkhead or anywhere where it can be conveniently observed.

39. A blue print will be furnished with each motometer showing the method 
to be used in installing it.

40. The description and operation of this oven is practically the same as the 
Mark II Mod. 1 except in the following particulars:

(a) The equipment consists of a resistance tube in addition to that given above 
for the Mark II Mod. 1.

(i) The heating unit consists of four coils so arranged that they are made to 
function by passing a current through a combination of these coils for high heat 
and through another combination for low heat, on either an 80 or a 125 volt circuit. 
The method of combining these coils to obtain the high and low heats for these 
voltages is shown on Plates 11 and 12.
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(c) The operation of the relay sends the heating current through the coils 

comprising the low-heat circuit when the temperature rises to 65.5° C.; when the oven 
temperature falls slightly below 65.5° C., the battery circuit is broken, the relay 
armature released, and in returning to its original position brings the proper high 
heat coils into circuit.

(d) The battery consists of four instead of two cells.
(e) The high-heat rheostat has a resistance of 35 ohms and the low heat one of 

about 400 ohms. Each rheostat is marked to indicate the direction of operation 
to cut resistance in or-out of circuit.

(f) On the same side of the oven with the rheostat and transfer switch, and 
near the base, is mounted a 35-ohm resistance tube which can be readily removed 
or replaced. This tube is connected in series with the low-heat rheostat.

41. To inspect a Mark II Mod. 2 oven, remove the box cover, asbestos board 
cover, and disconnect wires from binding post of mercurial control thermometer, 
remove copper oven from box. This will leave the heat pan exposed. . Now 
trace the wires leading from the mercurial control thermometer passing through 
the side of box and see that they are connected to the relay binding posts marked 
“Th.” Connect the four dry cells in two groups of two in series and the two groups 
then connected in parallel and secure wires to the binding posts of relay marked 
“Ba.” (The wires from dry-cell battery are the only ones not passing into box.) 
Carry the wire leading from either relay binding post marked “Line” through side 
of box and over the heating element through ferrule in opposite side of box, con­
necting it to the left-hand binding post of 400 ohms rheostat, which connects to 
positive line of ship’s circuit. (In running all wires through box, allow enough 
wire to permit them to lie loosely on top of or around the heating pan.) Carry 
the wire from the other binding post of relay marked “Line” through box and out 
on opposite side, connecting it to the binding post at the bottom of “ transfer switch” 
which is adjacent to 35-ohm rheostat. Connect the wire leading from coil No. 3 
(which is also connected to coil No. 4) to bottom binding post of “transfer switch” 
second adjacent to 400-ohm rheostat. Connect the wire from coil No. 1 (which 
is also connected to coil No. 4) to binding post at bottom of “transfer switch” 
second adjacent to 400-ohm rheostat. Connect the wire from second post of coil 
No. 1 to top of binding post of “transfer switch” which is adjacent to 35-ohm 
rheostat. Connect one wire leading from coil No. 2 to middle binding post or 
“transfer switch” and the other wire from coil No. 2 to 35-ohm resistance tube. 
Connect one wire leading from coil No. 3 to binding post at top of “transfer switch” 
second adjacent to 400-ohm rheostat. Connect the other leading from coil No. 
3 to bottom binding post of “transfer switch” adjacent to 400-ohm rheostat. 
Connect the wire from bottom binding post of “transfer switch” adjacent to 35- 
ohm rheostat to binding post of relay marked “Line.” Connect the wire from 
top binding post of “transfer switch” adjacent to 35-ohm rheostat adjacent to 
‘' transfer switch.” Replace copper oven, passing the two wires leading from relay 

Wiring.
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marked “Th” through holes in base of mercurial control thermometer support 
and connect to binding posts of same. Lastly, connect the positive line of ship’s 
circuit to binding post of 400-ohm rheostat farthest from “transfer switch” and 
the negative line to binding post of 35-ohm rheostat farthest from “ transfer switch.” 
The foregoing describes the wiring diagram shown on Plate 55 (appended). Great 
care must be taken to see that all wires are securely fastened to their respective bind­
ing posts.

42. In making an actual test, the oven is heated to 65.5° C., with the high 
heat coils, at which temperature (within a permissible fluctuation of plus or minus 
1° C.) the control thermometer automatically closes the battery circuit through 
the relay, which in turn operates and connects the low heat coils in circuit. The 
heat then gradually decreases until the temperature of the oven falls below 65.5° C., 
when the mercurial control thermometer opens the circuit and releases the relay 
armature to its original position, thus bringing the high heat coils into circuit.

43. All Mark II ovens have been or will be modified to the Mark II Mod. 2 
when turned in for repair. All Mark II Mod. 1 ovens are to be modified to the 
Mark II Mod. 2.



Chapter VIII.

HIGH EXPLOSIVES.

1. In chapter 3 it was pointed out that explosives can not be definitely classified 
by their chemical composition, but that they are classified, by the speed of the 
chemical change, into propellants and high explosives. A high explosive for 
military use as a burster charge has two distinguishing features. It is, first, rel­
atively insensitive to mechanical shock, friction, flame, etc., and even when exploded 
by such means does not give full explosive effect; second, the whole charge decom­
poses almost instantaneously when subjected to the proper impulse. The list 
of substances which can be grouped under the term high explosives is a long one, 
but this list is materially reduced when those not suited for military purposes are 
eliminated.

2. The following conditions must be fulfilled by a military high explosive. ofRh?ghlree“p“^
It must— slves-

(а) Have the proper insensitivity to withstand—
(1) shock of gunfire;
(2) shock of impact against armor, if used for projectile filler;
(3) shock of handling.

(б) Have maximum power.
(c) Have stability to withstand adverse storage conditions due to heat, 

moisture, etc.
(d) Be easy to handle and load.
(e) Produce proper fragmentation.
(J) Be cheap and available, and easy to manufacture.
All these conditions must be considered, and the substance most nearly ful­

filling them all is the best high explosive. However, the uses to which the high 
explosive is to be put must be considered, for a projectile filler must fulfill all these 
conditions while a mine or depth charge filler, for instance, need not be so insensitive 
as to withstand armor impact.

3. The sensitivity to shock is measured by the so-called impact test, wherein sensitivity, 
a given weight is dropped on measured quantities of the explosive under test and
the height of the drop causing an explosion is taken as a measure of the sensitivity. 
This test gives a relative measure and is of value only so long as the conditions 
are the same. The amount used, the degree of pulverization, the hardness of the 
face of the apparatus, the density, the mixture with other substances, all these

28015—24------ 8 (95)
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tilings will affect tile test. Some explosive substances can be compressed so that 
they become practically inert, this condition being called “dead pressed.” Sen­
sitivity to friction is measured by subjecting samples to the friction due to sliding 
impact of a shock pendulum across the face of an anvil upon which the sample 
rests. The arc of the swing of the pendulum gives the standard of measure. Sen­
sitivity to heat is determined by measuring the flash point of the explosive.

power. 4. It is very difficult to get an absolute measure of the power of an explosive.
Although the temperature, pressure, and volume of the products of combustion 
can be determined, the behavior of the products at the high temperatures and 
pressures makes it difficult to determine an expression for power. Approximations 
have been made, but probably as good a method as any is the result obtained by 
using the Trauzl lead block test. It is made by firing charges of different explosives 
in a standard-sized hole, in a lead block, and measuring the increased volume. 
The relative power is obtained by the variations in the increased volumes. The 
effect of the time in which the explosive develops its maximum pressure is also 
considered in connection with the power. The “rate of detonation” is measured 
by timing the passage of the detonating wave between two points of a cord or 
column of the explosive. The violence of the blow, called the “brisance,” is par­
ticularly considered in connection with detonators.

Adaptability. 5. An explosive which catches fire easily and explodes when lighted is more 
dangerous for military uses than one which ignites with difficulty and burns quietly. 
Also, a high explosive must retain its stability under all conditions of storage, as it 
would be most difficult to determine the stability condition of separate large cast 
or compressed charges. In particular the explosive must hold iip against adverse 
hygroscopic conditions and remain effective though wet, as in a leaky mine case 
or in a torpedo war head. In addition, the facility with which a high explosive can 
be assembled into a charge is very important. One which can be melted at moderate 
temperatures and cast, permits of loading into irregularly shaped volumes very 
easily. The explosives used must permit of easy handling without danger to per­
sonnel by accident or toxic effect.

Availability. 6. Many explosives, otherwise very suitable, are unsatisfactory due to the 
small yield, scarcity of raw materials, and difficulties in manufacture.

vpiosivcs hlgh From a consideration of the above-mentioned factors, the following list of
explosive substances have been or are standard for military use:

Guncotton.—Superseded by T. N. T.
Trinitrotoluol.—T. N. T.
Trinitroxylol.—T. N. X., sometimes used in mixture with T. N. T. A small 

quantity was manufactured during the war; none is in service at the present time.
Trinitrophenol.—Picric acids used as a projectile filler, (not in United States 

Navy) and in boosters or relays for fuzes.
Ammonium picrate (Explosive “D”).—Used as a projectile filler.
Trinitrocresol.—Similar to picric acid, used, when mixed with picric acid, in 

Austria.
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Trinitro-aniline.—Not used on a large scale.
Trinitrophenylmethylnitramine, tetranitromethylaniline or tetryl.—Used for 

booster charges and relays; costly to manufacture.
Tetranitroaniline.—Costly to manufacture; not entirely established.
Hexanitrodiphenylamine.—“ Hexa,” used by Germany mixed with T. N. T.
Amatol.—T. N. T. and ammonium nitrate.
Nitrostarch.—Trojan powder used in hand grenades.
Trinitrobenzene.—Costly and difficulty to manufacture with low yields; very 

little manufactured.
8. The first modern high explosive to come into general use was guncotton. G“nco«on- 

It is a cellulose nitrate of high nitration with about 13 per cent nitrogen content.
It was manufactured in a manner similar to that given for soluble nitrocellulose 
under the discussion of smokeless powder, except as to strength and mixture of acids 
and time for nitration. It is similar to ordinary cotton in appearance and, when 
pure, is white and has neither odor nor taste, and is free from either alkaline or 
acid reactions. After poaching, it is compressed into blocks containing about 25 per 
cent moisture, and these are packed into war heads and mines. In England war 
heads were loaded by compressing the full charge- into a former of the shape of 
the war head, and then loading in one operation. Due to its sensitivity when dry, 
its liability to deteriorate, and its low power as compared with other high explo­
sives, it has been superseded for the most part by T. N. T. In the United States 
Navy it is being replaced by T. N. T.

9. A glance at the list given above will show that most high explosives are mft°e“ia®g of raH 
derived from coal-tar products. When coal is subjected to destructive distillation,
coke, gas, and coal tar are obtained. This coal tar is a heavy liquid of a complex 
mixture which, on further distillation, will yield the aromatic hydrocarbons, benzene, 
toluene, xylene, naphthalene and anthracene, and the aromatic alcohols phenol 
and cresol. The distillation of petroleum will also yield toluene, xylene, benzene, 
and naphthalene. From these substances, or from other substances obtained from 
them, explosives may be made by nitration. Some of these substances are used in 
the dye industry, so that it is closely connected with the explosive industry.

10. Benzene, when nitrated once, becomes mononitrobenzene. This com- Benzene, 
pound is used for perfumery and flavoring. When nitrated again it becomes 
dinitrobenzene, an explosive very difficult to detonate and used only when mixed
with other explosives. When nitrated again trinitrobenzene is formed, but it 
is very difficult to manufacture and although it is an excellent explosive, being 
more powerful than T. N. T., it is little used.

11. Toluene is nitrated either to a monodi or trinitro product. Mononitro- Toluene and 
toluene is not an explosive substance. Dinitrotoluene is a substance difficult toT‘N‘T‘ 
detonate and is used only to mix with other explosives to reduce their sensitivity. 
Trinitrotoluene is made in one, two, or three operations, but the best yield is ob- Nitration, 
tained by using the two or three stage process. In the one-stage process the acids 
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are run into a large nitrator or kettle, equipped with heating and cooling coils, 
and the toluene is then added slowly. When the action is completed, the mono­
nitrotoluene and spent acids are allowed to separate, the acid drawn off and the 
mono-oil, as it is called, blown into a second nitrator, into which fresh acid has 
been run. After this action is completed, the charge is allowed to separate and 
the spent acid is run off and fresh acid added to make the T. N. T by a third ni­
trating step. After this last spent acid is removed, the T. N. T. is cooled, washed 
and crystallized out as the temperature is reduced. By this method of manu­
facture the spent acid from the trinitration is used after fortifying for the binitra­
tion, and the spent acid from the binitration is then used for the mononitration.

usesofT.n.t. 12. T. N. T. is a crystalline substance, of alight yellow color when pure, and
varying in shade to a dirty brown when impurities are present. When pure it 
melts at about 80.5° C. To get a product of this purity it is necessary to recrystal­
lize it in alcohol or some other solvent. Its purity is shown by its melting point. 
In the Navy two grades are used, Grade “A,” having a melting point of. 79.5° C., 
and Grade “B,” having a melting point of 75.5° C. It is sometimes used in the 
nearly pure state for boosters for fuses, and then has a melting point of 80.5° C. 
It is practically insoluble in water. Grade “A” is used for a projectile filler for 
class B antiaircraft .projectiles (for this purpose the T. N. T. is always cast), for 
mixed filler for common projectiles, and for boosters for the cast mine charges 
(granulated). Grade “B” (T. N. T.) is used for main cast charges for torpedo war 
heads, mines, depth charges, and bombs.

T.PN?Te.rties °f 13. T. N. T. is neutral in reaction and, unlike picric acid, does not form sensi­
tive compounds by combination with metals, even under unfavorable conditions 
of moisture and temperature. It has high chemical stability, even when sub­
jected to temperatures as high as 150° F., for considerable periods of time. It 
can stand great variations in temperature without being affected. Although the 
specifications for T. N. T. require rigid purification and elimination of all acids, 
its stability does not appear to be affected by traces of acids. Caustic alkalies, 
on the other hand, are known to increase its sensitivity and should be carefully 
avoided. It has been found that T. N. T. darkens on exposure to light and the 
melting point is somewhat lowered.

ertiesorrT &r<r' 14* N. T. is relatively insensitive to shocks, friction, or pressure. When
ignited, unconfined, it burns slowly with a dense black smoke and without explo­
sion. It ignites at 300° C., and at 180° C. there is a slow evolution of gas. Ex­
periments made at the proving ground indicate that in case of a serious fire near 
or among T. N. T. charges, a violent explosion is probable. Incidents have been 
reported from abroad where T. N. T. in storerooms has exploded during a fire, con­
sequently this danger should always be kept in mind. T. N. T. can be melted 
readily in kettles with steam or hot water jackets, or, due to its specific gravity, 
may be melted in a hot water bath where it drops to the bottom and may be drawn 
off in liquid form. In the melted form it has the appearance of melted maple 
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sugar, solidifying like maple sugar when cooled. When melted it can be cast 
solid in any shape desired. This property makes it a very convenient substance 
for explosive charges in mines, torpedoes and bombs, and it is now in general use 
in most countries for this purpose. Grade “B” gives as powerful explosive effects 
as Grade “A” and is considerably cheaper to make

15. The explosive force of cast T. N. T. is about 10 per cent greater than wet^Expiosive 
guncotton for equal weight and somewhat greater than this for equal volume,
as its density is greater. The density of wet guncotton is about 1.3. The density 
of cast T. N. T. runs from 1.50 to 1.61, and of loose crystalline T. N. T. from 0.75 
to 1 (hand packed). Loose crystalline T. N. T. is frequently compressed for certain 
purposes (such as projectile filler when mixed filler is used), its density when com­
pressed varying from 1.2 up to about 1.5, depending on the pressure.

16. Cast charges of T. N. T. are very difficult to detonate directly and a t. n. t. 
“booster” of loose crystalline T. N. T. (Grade A) is used to transmit the detonation boosters-
of the fulminate detonator to the cast main charge. This is analogous to the use 
of boosters of dry guncotton to detonate main charges of wet guncotton. Unlike 
dry guncotton boosters, the crystalline T. N. T. boosters may be stored aboard 
ship directly in the cast main charges.

17. Contrary to certain of the published literature on the subject, experiments T.SN°.1T.ure in 
conducted at the proving ground and at the torpedo station show conclusively that
the presence of moisture adds greatly to the difficulty of detonating T. N. T., and 
probably decreases its explosive force. Five per cent moisture, or even less, will 
cause a “booster” charge of hand-packed crystalline T. N. T. to fail altogether 
when using a service detonator, although dry guncotton will detonate successfully 
under these conditions. It is of the greatest importance that T. ,N. T. boosters be 
kept dry in service.

18. Although extensively used as a projectile filler for field artillery ammunition wlth“PD/r’ls011 
for class B antiaircraft projectiles, and with black powder as a mixed filler in small­
caliber common projectiles, T. N. T. is inferior to explosive “D” for use in armor­
piercing projectile against thick plate, as it is more sensitive to shock and is therefore
liable to premature explosion on impact, particularly with pressed charges.

19. T. N. T. is used in the United States Navy for the following purposes: usesofT.N.T.

(a) For main charges of torpedo war heads and mines wet guncotton has been 
superseded by cast T. N. T. and the dry guncotton booster charges have been 
superseded by Grade A granulated T. N. T. booster charges. There is very little 
guncotton left in service; what little there is is rapidly being replaced with T. N. T. 
Cast charges are ordinarily made of “crude” T. N. T., although the “refined” may 
of course be used if no “crude” is available. “ Crude” Grade B T. N. T. is used 
only for cast charges, for which purpose it is entirely satisfactory as to stability, is 
equal to the “refined” in explosive force, and is considerably cheaper, the only 
objection to it being that under long stowage it gives off a dark-brown liquid.



100
(&) For booster charges for torpedo war heads and mines loose, crystalline, 

“refined” T. N. T. (Grade A), hand packed to a density of 1, is used. The weights 
of the booster charges vary from about one-half of 1 per cent to 2 per cent of the 
cast main charge. Not only are T. N. T. boosters supplied for all cast main charges 
of T. N. T., but they have replaced the dry guncotton boosters for all torpedo war 
heads and mines now loaded with guncotton, the advantages being the elimination 
of all stability tests now required for dry guncotton and the feasibility of stowing 
the T. N. T. boosters directly in the war heads or mine charges.

(c) For burster charges of "class B” antiaircraft and antisubmarine flat-nose 
projectiles a number of 3-inch field-gun "class B” projectiles have been issued to 
the service; these are loaded with compressed, crystalline, refined T. N. T., and fused 
with nose-detonator fuses. A number of "flat-nosed” nonricochet projectiles of 
from 3-inch to 6-inch caliber fitted with nondetonating fuses for antisubmarine 
work and a supply of 3-inch " class B ” projectiles fitted with time fuse and detonating 
element for antiaircraft work are being issued. The last two classes of projectiles 
are loaded with cast T. N. T. Grade A.

(d) For mixed burster charges for projectiles fitted for ignition fuses, it has 
been found that black shell powder alone has too little force to properly fragment 
3, 4, and 5 inch "armor-piercing” projectiles and also many tough "common” 
projectiles of various calibers. For these projectiles a burster charge, consisting 
of equal parts by weight of T. N. T. and black shell powder, has been adopted. 
This filler is considerably more powerful than black powder alone and insures 
excellent fragmentation of the projectiles mentioned. This mixed filler is termed the 
"T. N. T.-BP” shell filler. A similar mixed shell filler, consisting of equal parts 
by weight of explosive "D” and black shell powder and termed the "D-BP” filler, 
is sometimes used. The high explosive is always placed in the nose of the projectile, 
for if placed next to the ignition fuse the burster charge would not be set off.

(e) A special refined grade of crystalline T. N. T. is used for the booster charges 
of the Mark III tracer detonator fuse.

ad8handitag?ffe ^0. Like other explosives, T. N. T. should not be subjected to high storage 
temperatures or exposed to the direct rays of the sun. Particular attention must 
be paid to keeping T. N. T. primers dry.

(a) T. N. T. should not be subjected to contamination of any kind, such as 
dirt, oil, acid, or alkali. It should be handled as little as possible.

(&) In case of a serious fire it should be remembered that charges of T. N. T. 
are more inflammable than charges of wet guncotton. For this reason it is important 
that magazines containing T. N. T. charges should be fully equipped with flooding 
and sprinkling systems.

(c) T. N. T. boosters for all war heads previous to Mark VII are inserted in the 
booster tube in which dry guncotton booster blocks were formerly placed. The 
heads are stowed with the war nose removed and a removable wooden block in its 
place. This block is held in position by a nose piece. In removing this block and in
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inserting the war nose, care should be exercised that the T. N. T. remains in place 
and does not break up so as to foul the projecting detonators of the war nose, as 
serious danger might otherwise result. There should be at least | inch clearance 
between the bottom of the detonators and the T. N. T, boosters when the war nose 
is screwed all the way in. More detailed instructions are given in Ordnance Pam- Llqulcl lsoroerii 
phlet No. 415, revised, 1916 (Pamphlet on Mark V War Nose). In all Mark VIIofT-N-T- 
and subsequent war heads, the T. N. T. booster is entirely incased in a copper 
container and is separated from the detonator by a copper wall about 0.02 inch thick. 
Thfe method of inserting the detonator and exploder mechanism is fully described 
in Ordnance Pamphlet No. 377 (War Head Attachments).

21. A small quantity of a dark-brown, oily liquid frequently separates out Exudation, 
from cast charges of crude (Grade B) T. N. T. after a period of storage. Investi­
gation has indicated that this liquid consists of isomers of T. N. T. (material of
same chemical formula but different molecular structure), with a small percentage 
of lower nitrotoluols. This liquid is somewhat inflammable (like T. N. T.), but it 
is not sensitive to shock or percussion, and its presence does no harm either to the 
stability or explosive force of the main charge. Although less sensitive to detonation 
than straight T. N. T., it appears probable that this liquid is detonated with the 
main charge. No danger or loss of efficiency must be apprehended from the pres­
ence of this liquid, and its presence may be considered as a normal condition of 
cast crude T. N. T. charges.

22. Trinitroxylene, or T. N. X., is made in a manner similar to T. N. T. Due (T?N?Ix.O)*ylene 
to difficulties in obtaining T. N. T. during the World War, this explosive was produced
to supplement the available supply of T. N. T. The raw materials were available, 
and it fulfilled practically all requirements except that of ease in handling. Xylene 
is a higher boiling hydrocarbon than toluene and T. N. X. and has a higher melting 
point than T. N. T. so that it can not be cast directly in mine charges, and this 
high melting point also complicates manufacture. It has another drawback in that 
the yield is less than with T. N. T. The nitration is carried out in three stages, the 
first two in the same nitrator, and the third in a different one. The acids are 
handled as in the manufacture of T. N. T. in three stages, i. e., the tri-spent acid 
is fortified and used as the bimixed, and this spent acid is again fortified and used 
as the monomixed acid. The monospent acids are denitrated and used in the acid 
plant.

23. The proper amount of acid is run in the nitrator, and the xylene added or TtnN.f x! “r * 
slowly, the acid drawn off to be used over again. The agitators in the nitrating
kettles are started and the monomixed acids added slowly, so that the temperature 
does not rise very materially. Cold water is run through a series of coils in the 
nitrator to keep the temperature down. After the agitator has continued for about 
an hour, the charge is allowed to settle, and in settling the acids and mononitroxylol 
separate. The acids, being the heavier, settle at the bottom of the nitrator where 
they are drawn off. This completes the first stage nitration operation. The bi-
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T. N. X.

Picric acid.

Manufact u r 
of picric acid.

mixed acid is then added slowly, the charge agitated and cooled with water. Dur­
ing the latter part of the reaction, if the charge cools too much, steam is used, for 
which there is a connection to the water coils. After the reaction is completed, the 
charge is again allowed to settle and the spent acids are drawn off as before, forti­
fied, and then are used over for the first stage nitration on a following round. The 
bioil as it is called (the dinitro-xylol), is then forced by air to the scale tanks for 
the third stage nitration, being careful to keep it heated, as it becomes solid at 
room temperature. In. the third stage, the bioil is added after the tri-mixed acids 
have been run into the nitrator and the agitation started, controlling the temper­
ature by the cooling coils. The product now becomes a thick mush of T. N. X. 
mixed with acid with an amount of D. N. X. mixed with it. As the acids will not 
separate out, it is now necessary to pass the product through centrifugal wringers, 
and after that it is thoroughly washed, neutralized by the addition of bicarbonate 
of soda, dried in a hot air continuous drier, and finally screened and packed for 
shipment. The T. N. X. becomes solid in the third stage nitration and thereafter 
is in a granular form, sometimes quite lumpy.

r 24. T. N. X. is a yellowish granular powder similar in appearance to T. N. T., 
but it has a melting point of 165° C. (circ.). It can be used as a mine, depth, or 
war head charge and is readily loaded when mixed in about a 50-50 proportion 
with molten T. N. T. None of this material is in service at present, but circumstances 
may require its manufacture at some future date, so a small amount is now on 
hand at the ammunition depots. As with T. N. T., no special tests are required for 
T. N. X., as it is stable under all ordinary conditions of storage.

25. Trinitrophenol, or picric acid, was adopted by several foreign countries 
as a projectile filler as early as 1886, under the name of “melinite.” It was used in 
the cast form by the British as “lyddite,” and by the Japanese as “shimose”. It 
has appeared as a component in a number of other explosives. It is a yellow crys­
talline substance, soluble in alcohol, benzene, and only slightly soluble in water. 
It is used in the dye industry and in solution for treating burns. It has the property 
of forming very sensitive compounds with metals, especially with lead. As it is an 
acid, these compounds are salts and, as they are very dangerous, they must be 
avoided. With ammonia it forms a compound, ammonium picrate, which is com­
paratively insensitive and has been much used as a military explosive. Picric acid 
melts at 122° C. If stored properly it shows no tendency to decompose at moderate 
temperatures. It is more sensitive than T. N. T. to shock and friction.

1 26. Picric acid is a very powerful explosive. It is made from phenol or car­
bolic acid, which is melted in an iron kettle with sulphuric acid, making phenol­
sulphuric acid. This is then treated with nitric acid in a nitrator from which, after, 
cooling, the spent acid is removed and the crystals washed and dried. Due to the 
fact that picric acid forms dangerous salts, and to the fact that it will deflagrate 
on contact with heavy armor, its use as a high explosive in this country has been 
limited. It is sometimes used in boosters of fuses.
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27. Ammonium picrate, “Explosive D,” has been adopted by the Navy as j*®®2“^® 

a filler for armor-piercing projectiles due to its insensitivity. It reacts much moresive d.” 
slowly than picric acid in forming metallic salts, in fact in an almost negligible 
quantity when dry. When wet it reacts slowly to form metallic picrates. Its
trade name is “Explosive D.” It is an orange-colored, crystalline powder, varying 
slightly in color. It has high chemical stability, no acid products indicating decom- . 
position being observed, even when subjected to temperatures as high as 150° F. 
for considerable periods of time. Ordinary variations in temperature have no 
effect on “D,” but it should not be exposed to moisture as it will absorb up to 
5 per cent moisture, thereby losing power and sensitivity, as well as having a ten­
dency to form metallic salts, if permitted to. “D” is highly insensitive to shock, 
friction, and pressure. It does not dead press, and can not be melted like picric 
acid, but when heated to 300° C. explodes. On acqount of its insensitivity, it is 
much better than picric acid or T. N. T. for armor-piercing projectiles, as it will 
stand the shock of impact against any thickness oft armor if properly loaded. The 
Trauzl test shows that cast T. N. T. is more powerful than “ D, ” as “ D ” is ordinarily 
used, due to the fact that cast T. N. T. can be loaded to a great density.

28. When “D” is ignited and not confined, it burns slowly, with dense black°Characteristics 

smoke, and without explosion. If confined and heated to the ignition temperature,
it will explode. It requires a very strong detonation to explode it. On complete de­
tonation it gives off a dense cloud of black smoke with a sooty deposit, due to the 
carbon freed in the reaction, and leaves a smell of ammonia in the vicinity. This is 
called a “high order detonation.” When “D” deflagrates, and when the full ex­
plosive effect is not experienced, yellow smoke is observed and particles of unburned 
“D” remain. This is called a “low order detonation.”

29. Ammonium picrate has been known for many years as an explosive. Use of 
About 1870, propellant powders, consisting of a mixture of ammonium picrate and 
saltpeter, were introduced in France. These powders gave excellent results, being 
much more powerful than the black powder then in ordinary use, but they were 
later superseded by smokeless powder. Up to about 1907 a mixture of ammonium 
picrate and saltpeter was used in the British service as the “exploder” for pro­
jectile burster charges of lyddite. Later, this mixture, which was known as “picric 
powder,” was superseded by “tetryl.” So far as known, the United States is the 
only country using straight ammonium picrate as the burster charge for high 
explosive projectiles at the present time.

30. Ammonium picrate is made by saturating a hot solution of picrate acid uerx®
with aqua ammonia or ammonia gas. This results in neutralizing the acid and is ploslve “D-” 
shown by the formation of crystals. The solution, when the reaction is complete,
is dumped into crystallization tanks where the ammonium picrate crystallizes out, 
this action being assisted by agitation. The crystals are then removed, filtered, 
dried, and screened, and the powder is then ready for packing. It is used primarily 
as the burster charge for large-caliber projectiles fitted with detonating fuses. It
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is packed in the projectile cavities under pressure. A projectile not to be used 
against armor may have T. N. T. substituted for “D.” Certain projectiles using 
ignition fuses are loaded with a mixer filler composed of “D2” and black powder. 
The black powder is not sufficiently powerful alone, but with the “D” mixed with 
it a more satisfactory fragmentation is obtained. The “D” when thus used is 
not detonated, but deflagrates in a "low order explosion.” A detonating fuse is 
not required for this mixture as ignition of the mixture produces the desired action.

31. Like other explosives, “D” should not be subjected to high temperatures 
nor exposed to the direct rays of the sun. It should be kept thoroughly dry and 
not subjected to contamination of any kind, such as dirt, oil, or acid, or such alkalis 
as lime, especially, and it should not be left in contact with unprotected metal sur­
faces, especially lead. Aboard ship, “D” is found only in loaded projectiles and 
requires no special care, except to see that the projectile rooms are kept thoroughly 
dry and at moderate temperatures. In case of fire in the vicinity of projectiles, 
care should be taken to see that they do not become heated to a high temperature 
as the “D” might explode. In such cases, they should be kept cool by the use of 
the sprinkler system. No special tests or inspections of ammonium picrate are 
required afloat.

32. Trinitrophenylmethylnitramine, tetryl, or tetranitromethylaniline, as it is 
sometimes called, is another aromatic nitrocompound which has come into use as a 
booster material. It is about 18 per cent more powerful than T. N. T. and more 
easily detonated. It is more sensitive to shock than T. N. T., but not sufficiently 
so to be dangerous. It is stable at all ordinary temperatures if manufactured 
properly. It melts at about 130° C., and explodes at 186° C. It is a very excellent 
explosive for booster charges, but it is expensive to manufacture, and is sometimes 
too sensitive for a projectile filler. Tetryl is made by the action of nitric and sul­
phuric acid on dimethylaniline. Aniline is heated with alcohol under pressure in 
autoclaves, in the presence of sulphuric acid, to form dimethylaniline. After 
nitration, the tetryl separates out as a crystalline powder, and is then filtered, 
washed, and dried in trays in dry houses.

33. The same precautions are followed in handling tetryl as when handling 
other high explosives. Special care is required in manufacture and loading, due 
to the dangers of tetryl poisoning.

34. A similar explosive, derived from aniline, is tetranitro aniline. It is more 
powerful than tetryl and less sensitive to shock. It is rather poisonous and has a 
tendency to hydrolyse. It is expensive to manufacture and has not come into 
common use, but may be used in place of tetryl as a booster material. Its stability 
has not been wholly established.

35. The above-mentioned explosives are all aromatic nitrocompounds. Dur­
ing the World War, on account of the shortage of toluol, it became necessary to 
adopt a mixture for padding out the T. N. T., using inorganic compounds. Am­
monium nitrate has been used for many years as an ingredient in mine explosives. 
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Amatol is made by melting T. N. T. and incorporating ammonium nitrate, making 
a 50-50 or an 80-20 mixture. This explosive may be met with in certain projectiles 
or bombs obtained from the United States Army.

36. Nitrostarch came into use during the World War for the same reason as Nitrostarch, 
amatol. It is never used alone, but always mixed with some substance such as 
ammonium nitrate, or sodium nitrate, and diphenylamine. In its manufacture,
starch is fed slowly into a mixture of nitric acid and sulphuric acid, which is agitated. 
The nitrostarch formed is separated from the spent acids, washed and centrifuged, 
and then dried. It is then mixed with ammonium nitrate and stablizers, and packed 
in hand and rifle grenades and trench mortar projectiles. The amount of nitro­
starch varies in different compounds. When 40 per cent is used, the mixture is 
called Trojan powder. Grenite contains about 95 per cent nitrostarch and is used 
in grenades only. These powders are highly inflammable and more sensitive than 
T. N. T. Improvements in manufacture have increased the stability of these 
explosives, but they must be stowed in dry places at moderate temperatures. Their 
stability under stowage conditions, afloat for extended periods, has not been estab­
lished. Nitrostarch explosives are hygroscopic.

37. Nitroglycerine has not been found suitable as a military high explosive, Nitroglycerine, 
due to its great sensitivity. It has, however, been used to a great extent mixed
with other substances to form dynamite for commercial uses





Chapter IX.

DETONATING SUBSTANCES.

1. When black powder came into use as an explosive, it was first ignited by the General- 
direct action of a flame and later by means of a flint and steel. These methods were
not safe and sure, so improvements were sought. The discovery of fulminate of 
mercury and the various characteristics of this material made it readily available 
for use in a cap for the purpose of ignition. Fulminate of mercury can be detonated 
by a blow and goes off with great heat and some flame. It is a very powerful 
explosive, however, and, for the purpose of igniting black powder, is used in very 
small quantities. If used alone, it explodes with great violence, hence other 
substances are mixed with it to diminish the violence and to increase the heat and 
length of flame. The primer cap of the present time usually contains fulminate of 
mercury, chlorate of potassium, and sulphate of antimony, and, as fitted in a primer, 
when struck or heated, fires a small charge of fine black powder which ignites the 
powder charge. Primers are discussed in chapter 13.

2. In the discussion of smokeless powder, it was pointed out that the powder g 
grains burn from the surface inward in parallel layers. To ignite a grain it is powder, 
necessary to apply a flame for a long enough period to cause a chemical transforma­
tion and oxidation on the surface, whereupon the grain begins to burn and the action
will continue until the grain is consumed. The primer as used for black powder 
alone will not ignite smokeless powder directly as it does not give a sufficient volume 
of flame and heat, so it is necessary to introduce another agent to prolong the primer 
flame until the smokeless powder starts to burn. Black powder is found to be the 
most suitable for this purpose. It is introduced as a part of the primer in case 
ammunition, or as the ignition charge in bag gun ammunition. Getting the proper 
effect from the ignition charge is very important, as variations will have an appreci­
able effect on muzzle velocities and pressures. From experimental work certain 
rules for assigning and distributing the weight of the ignition charge have been 
adopted and these govern the present practice.

3. When black powder was in general use as a projectile filler, the fuses operated leJ’8roJectlle fil‘ 
on the same principle as the primers. A percussion cap, either directly or through
the agency of a time train, fired a small priming charge of black powder which set 
off the burster charge. Such fuses are called ignition fuses, as they set off the burster 
charge by flame. With the introduction of high explosives, this method of causing 
a projectile to burst was found impracticable. Investigation showed that fulminate 
of mercury would cause dry guncotton to explode. It was found that when dry gun­
cotton exploded in proximity to wet guncotton it caused the latter to detonate.

(107)
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These discoveries made guncotton a valuable high explosive for torpedo war heads 
and mines, but it was not suitable for use as the burster charge of projectiles. As 
fulminate of mercury could be made to explode other nitrocompounds, and as some 
of them were suitable for use as explosive charges of projectiles, they were adopted 
for this use. However, ignition fuses were not suitable for exploding high explosives, 
and it became necessary to conduct a series of investigations of the phenomena 
connected with the exploding of high-explosive compounds. The details of the 
fuses used with high explosives are set forth in chapter 13.

Detonation. 4. To get the full explosive effect from a high explosive, it is necessary to have
the substance change in a very short space of time into gaseous products. This 
almost instantaneous transformation is called a detonation. To obtain a detonation 
a very sudden and intense blow is necessary. Ignition of a part of the mass of a 
high explosive will not cause all high explosives to detonate. There is a class of 
these substances which, however, when ignited will burn for a very short space of 
time and then detonate. All high explosives will detonate under the shock of another 
detonating substance placed close to them under proper conditions. These prop­
erties of high explosives are taken advantage of in adapting them for military uses. 
The substances which will detonate by the application of ordinary means, such as 
heat, impact, or friction, and will impart a percussion blow of such character as to 
detonate those high explosives which can not be detonated directly by the same, 
ordinary means are called initiators or detonating substances. Among such may 
be considered fulminate of mercury, silver and lead azide, nitrogen sulphide, and 
others.

jheoryofdeto- 5. After the discovery of high explosives, it was realized that the detonation 
was propagated as a wave, similar to sound waves, and that the velocity of this 
wave could be measured. Investigation showed that smokeless powder burned, 
even under high pressures, at a velocity of less than a few meters per second; black 
powder at less than 300 meters per second; whereas high explosives detonated at 
velocities up to several thousand meters per second. A detonation is effected when 
the wave of detonation proceeds through the mass of unaltered explosive with a 
velocity of several thousand meters per second, changing the material as it proceeds 
into the transformed products of explosion. It was found that fulminate of mer­
cury, when heated to the ignition point, burned for a short space of time at a low 
velocity, which instantly increased to detonation at about 4,000 meters per second. 
This transition from burning to detonation is so rapid that it can not be followed, 
but if a sufficient quantity is available in the presence of another high explosive, 
the latter will also detonate. The action of the second explosive in detonating 
is accounted for either by wave synchronization, or by the enormous pressure 
created by the initiator. It has been shown that very small quantities of ful­
minate of mercury will cause certain high explosives to detonate readily, whereas 
other initiators require larger quantities to obtain the same results. From ex­
periments along this line the theory has been deduced that the wave of deto­
nation in the fulminate and that in the high explosive synchronize; hence, very 
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small quantities cause a detonation. The other theory attributes the effect of the 
initiator to the development of an enormous instantaneous pressure, this pressure 
being caused by the kinetic energy of the molecules, so that the velocity of detona­
tion, the volume of the gas, and the heat of the explosion affect the results. Another 
theory accounts for the action by the production of a very intense shock. Whatever 
the theory, “ the explosion of a detonating substance gives rise to local action in the 
form of a violent blow or pressure due to the extremely rapid transformation of a 
solid of high density into a large volume of gas at a very high temperature, and that 
this property makes it so effective as an initiator of detonation in other explosives” 
(“ Colver High Explosives,’' footnote). The capacity to initiate detonation depends 
very little on the sensitivity either to heat or shock, but for use the detonating 
substances must be sensitive enough to start the action by simple means, such as 
firing locks and exploders.

6. High explosives are sensitive to the action of a detonating substance to a Boosts 
greater or less degree. Picric acid, tetryl, or T. N. T., are more sensitive than 
ammonium picrate. Consequently, just as it is necessary to use black powder 
between a fulminate cap and a smokeless powder charge, so it is desirable, to obtain
the best results, to use a secondary detonating substance between the initiator and 
the main charge of high explosive. With certain explosives, such as wet gun 
cotton, cast T. N. T., and others when compressed to a high density, this secondary 
detonating substance is a necessity, as the initiator will not explode the main charge 
directly. Detonators are copper tubes filled with detonating substance, usually 
fulminate of mercury. An improvement has been made by reducing the amount 
of fulminate and replacing that removed with T. N. T., tetryl, T. N. A., or trinitro­
benzene. With this latter change the same effect as a detonator is obtained but 
greater safety in handling results. The secondary, or intermediate detonating 
substance, is called the "booster.” A compound is used which is too insensitive to 
be detonated directly but is sensitive enough to be detonated by the initiator and 
to pass along the effects to the main charge. Hence, we have boosters in torpedo 
war heads (formerly called torpedo war-head primers), mines, depth charges, 
bombs, and in detonator fuzes for projectiles. The relative weights of initiators 
and boosters are arranged to get the best detonation from the main charge.

7. Fulminate of mercury was discovered in 1799, and was first used practi- Fulminate or 
cally for the manufacture of percussion caps in 1815. The sensitivity is so great mercury‘ 
that accidents, especially in manufacture, are numerous and frequent attempts
have been made to find a siutable substitute. However, no substance has to date 
replaced fulminate of mercury for general use, as caps made with it are more 
reliable, sensitive, and quick in action than nonfulminate caps. Nonfulminate 
caps have been successfully used in small arms.

8. Fulminate of mercury is made by mixing a solution of mercury with Manufacture- 
alcohol in the presence of an excess of nitric acid. Due to the dangers in manu­
facture, it is usually prepared on a small scale. A charge of pure mercury is 
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dissolved in nitric acid. This acid solution is then poured into a container in 
which there is a charge of almost pure alcohol. A violent action results which, 
when completed, leaves the solid crystalline fulminate in the liquid. The charge 
is then screened, washed, all impurities removed, and the fulminate of mercury 
drained and packed in bags in water. When required for use the fulminate is 
dried.

eharac ter is- 9. When pure it is a fine, yellowish-white crystalline powder. The gray color 
of the commercial fulminate is due to small particles of unconverted mercury. 
When dry it is very sensitive and is readily detonated by percussion, friction, 
flame or spark, electric spark, or by contact with sulphuric or nitric acid. When 
moistened with from 5 to 30 per cent of water, its sensitivity is much reduced, 
although the explosion of a quantity of dry fulminate in contact with wet fulmi­
nate will explode the latter even if completely immersed in water. The sensitivity 
is increased with the size of the crystals and with heat, as it is more sensitive when 
hot than cold.

storage. jo. Fulminate of mercury is unaffected by variations in ordinary storage
temperatures. Its ignition point is over 150° C. Its explosive qualities are 
adversely affected by moisture, however, and no effort should be spared to keep 
all fulminate detonators and ammunition containing fulminate caps dry. If 
unconfined, it burns fiercely, and when only slightly confined it detonates. When 
dry it reacts very slightly with metals, but if any free mercury is present it will 
form an amalgam with brass or copper, this action being increased with moisture. 

iator”6 aS lni explosive action is very sudden and violent, generating high pres­
sures. It can not be compared with other high explosives by the usual tests, as 
its velocity of detonation is much less than other high explosives and the total 
heat units per gram are less. Its property of igniting, then rapidly detonating, 
gives a powerful disrupting effect and makes it useful for initiating detonations; 
consequently, it is used only for this purpose, either alone or mixed with other 
substances.

caps for small 12. Percussion caps for small arms and primers contain fulminate of mercury. 
Potassium chlorate is added to increase the heat of explosion by its oxidizing 
action. Sulphide of antimony is added to prolong the action of the cap as it 
produces a long flame. Powdered glass has been added to increase the sensitivity.

13. Certain substances, recently introduced, have been considered as substi­
tutes for fulminate of mercury. They are silver, lead, sodium, and other azides, 
of which lead azide or lead hydronitride seems to be the most promising. These 

. substances are less sensitive if the crystals are small, have more energy, and are 
stable and durable. Lead azide also has the property of increased brisance with 
increased pressure. However, they are less brisant than fulminates, but this may 
be overcome by mixing azides and fulminates. They have not come into general 
use as initiators. Nitrogen sulphide and other similar substances are not stable 
enough and are too sensitive for use.



Chapter X.

PROJECTILES.

1. The word “projectile” is the standard practice of the Bureau of Ordnance General, 
and the word “shell” is not standard, and should not appear in correspondence, 
specifications, or drawings.

2. The form adopted for the front end of a projectile is that known as the ogive, ror‘
which is generated by the revolution of the arc of a circle around a chord, the chord
being the axis of the projectile, the versine of the arc being the semidiameter of the 
projectile, and the sine of the arc being the length of the ogive. The shape of the 
ogive is generally expressed by stating its radius in terms of calibers. At the present 
time the majority of the United States naval projectiles have ogivals of 7 calibers 
radius. Frequently the ogival shape is secured by the combination of several arcs 
of different radii. In recent years, also, the ogival shape has been occasionally 
abandoned in favor of a conical shape, or partially conical shape, as that form lends 
itself with greater facility to mechanical processes.

3. With proper rotation, it is desirable to keep the center of gravity of the 
projectile to the rear of, or in the immediate vicinity of, the center of form, par­
ticularly in long projectiles. As piercing projectiles require a blunt and solid nose 
for penetrative ability the amount of metal in the forward end must be great. 
Also a fine forward form is conducive to long range. To reconcile these two op­
posing yet necessary qualities it has been advantageous to adopt light nose pieces, 
wind shields, or false ogives, all of which names are more or less synonymous.

4. Practically all United States naval projectiles have the corner of the base en^orm ot after 
turned to a small radius, varying from 0.375 inch for large projectiles down to a
mere touch of the file on the corner of the small ones.

5. Frequent firing have, however, shown that increases in range can be secured 
by shaping the base to a finer form than a mere rounding of the corner. This 
scheme is generally referred to by naval ordnance engineers as boat-tailing, an 
expressive but peculiar term. But the deterrent fact is that, while comparatively 
small increases in range may be secured, they are generally accompanied by loss 
of accuracy.

6. It has finally been determined, however, that a high velocity (2,500 to 3,000, 
foot-seconds) projectile will give slight increase in range without loss of accuracy 
if the rear end is coned between 5° and 8° for a distance of from approximately 
0.25 to 0.75 caliber, the angle of the cone between those limits depending on the 
velocity and form of ogive.

28015—24------ 9 (111)
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7. In cartridge-case projectiles another factor is added in connection with the 

form of the after end, for in such projectiles that portion must be kept cylindrical 
for a considerable length in order to provide a proper bearing for the cartridge case. 

Form of bO«ij. g Between the ends, whatever their shape and length, is the cylindrical 
portion or body of the projectile. At the after end of the body is the rotating band 
or bands, and at the forward end is the bourrelet. Between these two parts the 
diameter of the body is slightly reduced, in order to provide a generous clearance 
from the bore of the gun. It is the support and bearing provided by the band and 
bourrelet which steady the projectile in its travel through the gun and it is quite 
evident, therefore, that there must be a reasonable distance between them, else 
too heavy a duty will be demanded of them in preventing wabbling. There is no 
fixed rule as to what this distance must be, but designers generally allow about one 
caliber for minor-caliber projectiles and increase the distance gradually up to about 
1.4 calibers in major-caliber projectiles.

nish? e r 1 0 r 9- As a general rule projectiles are given, except on the bourrelet, only a rough 
machine finish; that is, one which, while smooth to the eye from a distance of, say, 
8 or 10 feet, shows on closer inspection the marks of the turning tools. It is a 
popular fallacy that a smooth finish is conducive to accuracy. A very complete 
experimental firing was carried out some years ago in which a series of 14-inch 
target and armor-piercing projectiles were fired at a standard elevation, velocity, 
and projectile weight, half of the projectiles being carefully ground and polished 
to a fine finish, while the other half were left the usual finish. The difference in 
finish appeared to have negligible effect on the dispersion; in fact, those projectiles 
with the rough or service finish gave a smaller dispersion than did those with the 
polish.

"eight. 10. Within reasonable limits projectiles can be given various weights for a
given gun. The relation between weight of projectile and powder charge, muzzle 
velocity, and pressure is a part of interior ballistics. The weight of all United States 
naval projectiles follow a definite system of apportionment, which, stated in calibers, 
is as follows:

where
W = approximate weight of projectile in pounds, 
d = caliber of gun in inches.

The weight of projectile per square inch of bore is called the sectional density 
of the projectile and is represented by the following expression:

where
S.D. = sectional density.

W = weight of projectile in pounds.
A = area of bore, including grooves, in square inches.
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This figure has frequent application in gun and projectile design. The sectional 

density varies from 0.635 for a 1-pounder up to 10.44 for a 16-inch, averaging 
approximatelty 0.6 of the caliber.

The distribution of the weight in a projectile is a matter of considerable im­
portance. As a general rule, the center of gravity should be in the longitudinal 
axis and close to or abaft the center of form. Slight variations in the location of 
the center of gravity, with respect to the center of form, have negligible effect on 
the dispersion.

11. The bourrelet is, as was stated previously, the forward bearing of the pro- The bourrelet, 
jectile. Its surface is generally ground to a fine finish in order to reduce friction
and to prevent wear of the lands of the gun. This bearing surface is usually about 
one-sixth caliber in width; that is, longitudinally with the projectile. Some few 
small projectiles have no real bourrelet, the entire body of the projectile forward 
of the band replacing it.

12. The bore of a gun becomes “coppered” after repeated firing with a fine 
deposit of copper from the projectiles’ rotating band. And frequently, also, the 
liner in a gun becomes slightly crumpled or ridged after repeated firing, particularly 
in wake of internal shoulders. A certain clearance must, therefore, be provided 
between the bourrelet and the lands. The standard United States Navy practice 
is to make the bourrelet diameter 0.015 inch smaller than the bore of the gun. A 
minus manufacturing tolerance is added to this diameter of another 0.015 inch, so 
that the average clearance is about 0.012 inch. Clearances of 0.05 inch have prac­
tically no effect on the dispersion, but it is reasonable to assume that unnecessary 
clearance can have at least no beneficial action, and may have an injurious effect on 
the lands, due to the blows of possible wabbling. It is quite apparent, also, that 
the less the clearance the more accurate will be the initial direction of the trajectory.

13. In a few instances a centering band of copper replaces the bom-relet, but as 
yet this system has not had wide application. It is generally conceded to be inap­
plicable to armor-piercing projectiles, as the “score” would weaken the projectile 
at a vital locality.

14. The rotating or rotation band has three specific functions—to seal the bore, ba^e 
to steady and center the rear end of the projectile, and to rotate the projectile. It
is also utilized to prevent overramming in worn guns and to hold the projectile 
in place during loading and elevating for firing. In addition to these functions 
the band has considerable effect on the range, dispersion, muzzle velocity, and life 
of the gun.

15. Rotating bands are made of commercially pure copper for all minor and 
medium caliber projectiles, and of cupro-nickel alloy containing 2.5 per cent nickel 
for major-caliber projectiles, the nickel being added to secure greater strength. 
In 1921, however, the bureau abandoned the use of cupro-nickel, and in future all 
bands will be made of copper.

16. As a general rule rotating bands are about one-third caliber in width. In 
some instances, particularly abroad, the width of a band is kept down to a maxi- 
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Under 
attack.

muin of about 1.5 to 2 inches, and where a greater strength is necessary two separate 
bands, separated by a short distance, are provided. This system has considerable 
merit.

17. The band, is secured in a score cut in the projectile body, there being a dove­
tail on each edge to assist in overcoming centrifugal force, and either waved ridges, 
longitudinal nicks, or knurling in the bottom of the score to insure against slipping 
during acceleration. The band is made as a ring of slightly greater internal diame­
ter than that of the body and is slipped over the score, while hot, and pressed radi­
ally into place in a powerful hydraulic press called a “banding press.”

18. The forward edge of the band is slightly conical and fits into a correspond­
ingly coned seat at the origin of rifling. The central portion of the band is gener­
ally cylindrical and of a slightly greater diameter than the diameter of the bore, 
including grooves. An expression often used to obtain the diameter is “D = C + 
2p + .O2” where C is the caliber of the gun and p the depth of the grooves. 
It will be observed that on the rear part of practically all bands is a raised lip. 
This lip serves the purpose of insuring a good gas check and at the same time, 
because of its considerably, greater diameter, preventing overramming in a worn 
or eroded gun.

19. In order to insure a tight joint, especially in eroded guns, the diameter of the 
cylindrical portion of the band is generally a few thousandths of an inch greater 
than the diameter of the bore across grooves. It is clearly evident, however, that 
any excess metal in the band will be pressed or wiped back toward the base of the 
projectile, this being more pronounced in wake of the lands. Should this excess 
metal be of sufficient quantity it will form a scalloped skirt extending abaft the 
band score. Now at the instant that this skirt clears the muzzle there will be a 
rush of gas past it, which, aided possibly by centrifugal force, may turn this skirt 
out radially at a considerable angle. This is called fringing, and a pronounced fringe 
can have a material effect on the range and dispersion, the effect being greatest on 
minor and medium caliber projectiles.

20. The successful design must not only provide sufficient metal in the band to 
secure the desired performance but must also insure against fringing. Grooves or 
“cannelures” are placed in the middle portion of large bands, for the purpose of 
allowing space for this excess copper, and a large groove is also frequently provided 
abaft the lip to take this excess copper.

21. When an ogival-headed projectile, traveling in air, strikes water, it deviates 
from its trajectory in a violent and uncertain manner. At small angles of fall it 
tips up, runs parallel with the surface for a short distance, and then, if it still has 
sufficient velocity, emerges and again takes to the air. This is called a ricochet. 
At greater angles of fall it is liable to deviate in any irregular direction.

22. The desirability of the attack of submarines by gunfire from surface or air­
craft has resulted in the development of projectiles which maintain their trajectory, 
upon entering water, with reasonable accuracy. In the projectiles the ogival form 
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is abandoned and a square head is substituted. Such projectiles are called, in our 
Navy, “flat-nose” projectiles and elsewhere are referred to as “diving shell.”

23. The retardation of the translational velocity of these projectiles in both, air 
and water is excessive, but such a sacrifice has to be made in order to secure accu­
racy upon and after water impact. Interesting proposals have been made to fit 
flat-nose projectiles with thin wind shields or false ogives which will collapse and 
be wrenched adrift upon impact with water, thereby preserving both good flight 
in the air and underwater accuracy.

24. Projectiles used in the United States Navy are divided into 10 classes, as classification, 

follows:
(a) Armor-piercing (A. P.).—These projectiles are subjected to a test against 

a face-hardened plate 1 caliber in thickness.
(&) Common.—These projectiles are subjected to a test against plates one- 

third to one-half a caliber in thickness.
(c) Class B.—A class B projectile is one that has a minimum wall thickness con­

sistent with the setback in the gun, and which permits a maximum bursting charge. 
The ogive is in general similar to the ogive of a common projectile. The pro­
jectile is not subjected to a plate test.

(<Z) Shrapnel.—A modem shrapnel is a projectile containing shrapnel balls which 
are expelled from the shrapnel case by means of a small charge of explosive, the 
case remaining intact.

(e) Flat nose and cup nose.—Flat and cup nose projectiles are designed with thin 
walls and maximum bursting charges and are in this respect similar to class B pro­
jectiles. The noses of the projectiles are flat or cup shaped which prevent ricochets 
of the projectiles upon striking water. Both are primarily designed for use against 
submarines.

(/) Illuminating.—An illuminating projectile is one that discharges an illumi­
nating element. .

(g) Smoke, gas, etc.—These are special projectiles containing a smoke, gas, etc., 
producing element.

(A) Tracer.—These projectiles are designed solely to leave visible traces in the 
daytime, and do not have bursting charges. They are a separate class from other 
projectiles which, when required, may be fitted with tracers.

(i) Target.—A target projectile is one that represents ballistically, kas far as 
flight is concerned, another projectile, but which contains no explosive. Target 
projectiles are used for ranging and target practice.

(?) Proof shot.—Proof shot are slugs, the base and bourrelet dimensions of which 
are the same as those of projectiles of the same caliber. They give the same inte­
rior ballistics as the projectiles they represent, but their exterior ballistics are dif­
ferent. Proof shot are used for testing guns and powder, and also for spotting 
practice on board ship.

The words “high explosive” and “high capacity,” etc., are not to’be used in 
designating types of projectiles.

Manufact u r e 
of armor-pierc­
ing projectiles.
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25. Open-hearth steels -acid, basic, and electric—are used for armor-piercing 

projectiles, but the melting is given far greater care than is received by the average 
commercial steel. The ingots are cast nose down in iron molds in order to chill 
them rapidly to prevent piping and injurious segregation.

26. There are two general systems of forging. In one the ingot is cast of greater 
diameter than the finished projectile, and is forged down, being lengthened in the 
process, under a press or hammer, and in this process the cavity is bored out. In 
the other process the ingot is of smaller diameter than the finished projectile, is 
upset in a die under a press to the proper diameter, and its base is then pierced by 
a punch to form the cavity, the rear walls of the body being somewhat extruded. 
In the first process mentioned the grain or fiber of the steel is longitudinal whereas 
in the other process it is transverse.

27. The rough forgings are then annealed, after which they are rough machined 
nearly to size. The next step is a series of heatings and quenchings in oil and hot 
water for the purpose of refining and fibering the grain structure. After this 
treatment the forging is turned to exterior and interior dimensions, allowance being 
made for the fitting of base plug and finishing of band score and bourrelet.

28. The next step is the hardening, which is accomplished by a graduated heat­
ing beginning with the point followed by a complete quench in agitated cold water. 
This puts the entire projectile in an exceedingly hard condition. The heating for this 
treatment is generally accomplished in a bath of molten lead, such procedure being 
conducive to accurate control of both temperature and position of application of 
heat. After this the base of the projectile is heated to a lower temperature than 
was used for quenching and upon withdrawal from the bath or furnace is suspended 
nose down and immersed up to the bourrelet in agitated cold water. This pro­
cedure draws or tempers. the rear portion while preserving the hardness in the 
head. The result is an exceedingly hard head to the rear of which the hardness 
gradually decreases with increase in toughness. The hard head is to effect the 
smashing of the plate’s face while the tough rear is to support the head and stand 
the breaking strain of angle impact.

29. Finally, the projectile is sand blasted, the band score is finished and the 
band pressed into place, the cap and wind shield is put on, the bourrelet is ground, 
the band is turned to size, and the base plug fitted.

30. The cap follows, in general, the same methods of manufacture and treat­
ment as are applied to the projectile, although, of course, no special ingot is made 
for it. After forging it is annealed and rough turned, is then fibered, then finish 
machined, except threading for the wind shield, then decrementally hardened and 
finally finish turned and threaded and installed. Caps are made of the same 
kind of steel as are the projectile bodies, except that the carbon, nickel, and chro­
mium are not so high.

31. Caps are secured to the projectile by several methods. The one most com­
monly used consists in peening the skirt of the cap into notches cut in the ogive of 
the projectile. Another method consists in soldering the cap to the ogive with a 
special low melting point solder. Such a solder is required to prevent the heat 
necessary for soldering from drawing the temper of the ogive.
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32. Caps should be held securely in place, and it is quite probable that their 

efficiency on oblique impact is materially affected by the security of the bond. 
The notches in the ogive are certainly no source of strength. The use of solder is 
therefore looked upon with favor by many ordnance engineers.

33. It occasionally happens that caps become loosened by rough handling. 
Such projectiles should be returned to an ammunition depot for recapping.

34. The wind shield is made of either cast iron or forged mild steel, and has no 
special strength other than that necessary to prevent destruction during handling 
and setback. Wind shields are generally screwed on the cap, and frequently the 
thread is cut on a tapered surface. After screwing home they are “set” by a center 
punch at the joint. They sometimes become loose in handling and in that event 
they should be tightened and reset.

35. Base plugs are simply ordinary good quality nickel-steel. The only require­
ment is that their longitudinal axis should be normal to the longitudinal axis of 
the original ingot, a precaution taken to insure the maximum strength against 
shear or collapse under the chamber pressure of the gun, and to prevent piping or 
porosity from leading flame or gases into the bursting charge. This latter pre­
caution is taken with all projectile base plugs and will not be referred to again under 
other projectiles.

36. The steel for armor-piercing projectiles is the finest quality, nickel-chrome 
steel. Due to the comparatively small mass and more convenient size the carbon 
can be carried much higher than is possible in armor manufacture. For instance, 
we find the carbon content as high as 0.75 per cent. Similarly the chromium can 
be carried a little higher and we find the chromium content as high as 2.60 per cent. 
The nickel runs about the same as for armor.

37. Various theories have been advanced as to the reason for the increase in^The action of 
penetration secured by the application of the cap. The simplest, and perhaps the ’ 
most reasonable, is that the cap acts to break down the initial strength of the plate, 
allowing the nose to reach an already strained surface and then provides powerful 
circumferential support to the point and nose as they begin to penetrate the hard
face, maintaining the support until they are well into the plate. This theory is 
supported by the fact that an uncapped projectile requires less initial velocity to 
penetrate a nonface-hardened plate than does a capped projectile, as experiment 
has shown, the slight decrease being ascribed to the adding of the thickness of the 
cap to that of the plate. In comparing capped and uncapped projectiles against 
face-hardened plate, recent experiments with 8-inch projectiles have shown that 
equal penetration can be secured when the energies are as about 5 to 9.

38. And finally the cap has.the effect of increasing the biting angle; that is to 
say, a capped projectile will “bite” or fail to glance off at greater angles of obliq­
uity than will the same projectile without a cap. This is due to the greater 
bluntness of the front end of the cap.

39. The shape of the ogive of the projectile itself has considerable effect on thenBi°0™v®!lnter‘ 
efficiency of the projectile. The curvature of the ogive was increased to about 2.5 
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calibers because of the desire to reduce air resistance, and this curvature was retained 
under the cap after its adoption. Shorter curvature is desirable, however, to secure 
a shorter projectile, and the modern tendency is to fix the ogive radius betwen 1.5 
and 2 calibers.

cias’nlBO1pro?en^ development of the common and class B projectile followed logical
ttles- channels, being based on the attack on unarmed vessels, the upper works of armored

vessels, earthworks, and fortifications.
41. As a general rule the design and selection of materials of these projectiles 

is predicated, in so far as is consistent with efficient operation, on cheapness and 
quantity production. In fact, the coordination between design and quantity, pro­
duction is of almost vital importance. These considerations led to the selection of 
plain 0.45 per cent to 0.60 per cent carbon basic open-hearth steel, and the adoption 
of a design which reduces the number of forging and machining operations to a 
minimum. In designs requiring the maximum attainable weight of bursting charge, 
or calling for peculiar interior arrangements, greater strength per unit of area 
will probably be required, in which case a higher carbon or even a nickel-steel may 
be necessary.

42. Methods of fabrication differ with the caliber and type. In large calibers 
each projectile is made from a separate ingot, while in medium calibers large ingots 
are “cogged down” in a rolling mill to billets of round, square, or polygonal section 
and then cut or broken to proper length. The ends of these blanks are usually 
inspected to eliminate those which contain piping or injurious segregation.

43. Considering major and medium caliber projectiles, and the ingots or billets 
made for them, as mentioned above, fabrication continues, in general, as follows:

44. The projectile blank is heated, placed in a die approximating the exterior 
contour, nose down, but of excess diameter, and then pressed under the plunger of 
a hydraulic press, thus forming the ogive. A piercing die or plunger of slightly less 
diameter than the cavity is then forced into it, which forms the cavity. These two 
steps can be done with one heating.

45. In some projectiles this is the only forging required, but generally the 
extrusion performed by the piercing die is insufficient to make the cavity long 
enough. In this case, which is quite general, the forging or blank is reheated and 
placed in a draw bench, the nose being placed in a die containing a circular hole 
slightly larger than the finished diameter, and it is then forced through this drawing 
die by a hydraulically operated plunger which is inserted in the already partially 
formed cavity. This drawing process forces the sides back over the plunger, thus 
extending the blank to the required length. In some cases more than one draw is 
required, and this is generally performed in one heat by forcing the forging through 
several rings or dies in succession in the same draw bench. The method just 
described applies, of course, to open-base projectiles. Where the base is to be solid 
and the nose is to be open the same general process is followed, except that the 
projectile is worked from the base instead of from the nose.
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46. The blank is then generally annealed, or normalized, and if high physical 

properties are required, it may be heat-treated to secure them. It is then passed 
to the machine shop for finishing.

47. The finishing consists in turning and boring to the correct dimensions and 
tolerances, banding, fitting the plug, painting the interior of the cavity, and inspecting 
and stamping for shipment. As a general rule all surfaces are finish machined 
except as noted below. Many efforts have been made to omit the machining of 
the cavity, but the forge finish is not satisfactory because the forging temperature 
is so high that a rough and scaly surface results.

48. Some projectiles are fitted with heavy nose or base plugs, others have 
smaller adapters to carry the fuse, and others may be designed to receive the fuse 
itself. In most of these classes the cavity is always of larger diameter than is the 
hole for these fittings. This condition is met in two ways.

49. Where the hole is large and the amount of metal to be removed from the 
rough forged cavity is small, or where the projectile is completely heat-treated, the 
interior is finished in a boring machine or lathe, using a tool on the end of a bar 
which is inserted in the hole. This bar is swung on a pivot in order that the tool 
can be made to follow the desired contour of the interior.

50. Where the cavity is large and entails the removal of considerable metal, 
or where the forward or after fuse plug hole is so small as to render machining 
impracticable, an entirely different process called nosing-in or basing-in, as the case 
requires, is employed. Here the inner portion of the cavity is machined to size 
while the outer portion of the cavity is machined to a cylindrical or nearly cylin­
drical size, any shoulders or seats being also partially machined. The exterior 
surface of the projectile, in the wake of that portion of the cavity which is to be 
closed in, is then turned to the reverse curvature of the cavity, or, in other words, 
the approximate contours of the cavity and outside are exchanged and reversed. 
That part of the projectile which is to be closed in is then carefully heated in a 
nonoxidizing flame, and is then either forced into a die, under hydraulic pressure, 
which is cut to the proper exterior shape, or is pressed into shape under radial 
pressure. As was stated above, this process can be applied to either the ogive or 
the base.

51. This operation can be so satisfactorily performed that no machine workis 
necessary on the closed-in portion except the fitting of screw threads and gas-tight 
seats.

52. It is generally customary to select tensile-test specimens from heats or lots 
after all forging or heating is completed, in order to insure that uniform and satis­
factory results are being secured.

53. The processes referred to above apply to practically all kinds of projectiles, 
except armor-piercing and minor-caliber projectiles.

54. Minor-caliber projectiles are generally machined from round rolled bars,
the forging to shape with final finishing being more expensive than complete 
machining. .
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55. Base plugs, fuse-hole plugs, adapters, and the miscellaneous interior parts 
of shrapnel, illuminating projectiles, gas and smoke projectiles, etc., are manu­
factured by the various drop-forging, drawing, and machining processes covered 
in textbooks on mechanical processes.

uies:e'shniprnei.f' 56. This type of projectile is designed for use against personnel and its only 
naval use is, therefore, in connection with landing parties, bombardment of forti­
fications, and attack of aircraft. It is interesting to know that the name is derived 
from the inventor who brought it out in Europe in 1784.

57. The most common form of shrapnel consists of a case in the rear of which 
is a black-powder bursting charge, connected to a nose fuse by a central explosion 
tube around which is packed a large number of lead (88 per cent) antimony (12 per 
cent) balls held securely in place by a matrix of hot-poured rosin. When the fuse 
acts the balls are expelled forward by the bursting charge and scattered in a cone­
shaped cloud. Shrapnel are, however, frequently given other features. For 
instance, a high explosive may replace the rosin to increase the violence of the burst 
and the area or damage; or there may be a heavy head with a high-explosive 
burster and suitable fuse in order to follow the cloud of balls with a secondary 
explosion. And finally the balls may be replaced by small hollow open-ended 
cylinders in which phosphorus or other incendiary compound is packed, the object 
of this design being to add to the local explosion and distribution of missiles the 
probability of creating a conflagration. This design is particularly valuable against 
aircraft of all descriptions, especially those which employ hydrogen.

illuminating 58. In this type we have a case, similar to a shrapnel case, with a very small 
projectiles. burster in the front end just abaft the fuse, and an interior assembly of a star or 

candle with parachutes, and a very lightly held base plug. The explosion of the 
burster, or as it should be called, the expelling charge, forces out the base and the 
interior assembly. It is quite desirable to expel the assembly with considerable 
velocity, at least 300 to 400 foot-seconds relative to the case, in order that it will 
have as small a velocity, in space, as is possible. It would be preferable to have 
the assembly expelled at the same velocity as the case is traveling, but at present 
this is not possible. The star or candle is a steel container in which is packed, under 
heavy pressure, an illuminating compound in which magnesium is an important 
constituent. The explosion of the expeller ignites the candle or star. The closed 
end of the star container is attached to a wire rope which carries a series of para­
chutes, the number depending on the weight of the star. These parachutes are 
carefully folded and they, and the wire, are so rolled that, upon expulsion, they 
open or come into action in succession beginning with the one nearest the star. The 
parachute nearest the star is quite small, only 4| inches in diameter for a 3-inch 
projectile, and they increase in size until for a 5-inch projectile, for instance, the 
last parachute is about 3| feet in diameter. The small parachutes are called retard­
ing parachutes and the last and largest the sustaining parachute. From this 
description the action of the assembly upon ejection is easily seen. The fast-moving, 
heavy and burning star is gradually slowed down by the retarding parachutes, the 
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Smoke and gas 
projectiles.

Target projec­
tiles.

opening of successive parachutes increasing the effective area and thereby main­
taining a more or less constant retarding force, until by the time the sustaining 
parachute unfolds it can open without danger of being tom to ribbons. This 
action is similar to that of a recoil brake. The wire for a 3-inch projectile is about 
15 feet long and carries three parachutes, while in a 5-inch projectile the line is 
about 40 feet long and carries seven parachutes. The entire assembly gradually 
tails vertically and sinks earthward with comparatively slow speed, the light of the 
star being thrown downward. As there is no need, with illuminating projectiles, 
for either great accuracy or a flat trajectory, fineness of exterior form is sacrificed 
to secure the maximum size and weight of star.

59. These, when specially designed for the purpose, are quite similar to any 
high explosive of class B projectile so far as the projectile itself is concerned, the 
difference lying in the kind of fuse, contents, and method of loading.

60. Economy requires that target projectiles be made of the least expensive 
materials. They are, therefore, made of cast iron. A good grade of cast iron, and 
efficient methods of casting are necessary, however, to insure that the setback and 
centrifugal force do not cause fracture, either in the gun or in initial flight. They 
are so designed that they are similar to their prototypes in exterior shape, weight, 
and balance. No economy can be secured in the rotating band, as it must function 
in the normal way.

61. Proof shot, sometimes called "slugs,” are solid cast-iron shot with a square Proof sl,ot- 
foiward end. From the forward edge of the rotating band to the rear, they are 
identical in shape with the standard projectile of their caliber, but their only other 
similarity is their weight and bourrelet diameter. As a result of this design their 
behavior in the gun or exterior ballistics is similar to, while their flight is much 
shorter than, that of the standard projectile. They are used for proving-ground
work and spotting practices.

62. A projectile similar to an illuminating projectile is fitted with a buoy inJec’t*1a1^cr >,ro* 
place of the star and parachute assembly and a water-impact fuse. The buoy
carries a burning charge, principally compounds of phosphorus, which are ignited 
by the fuse, but which can not be put out by water. The burst expels this buoy, 
thus leaving a comparatively permanent mark of the position of the fall. This 
projectile is to indicate the position of hostile submarines to pursuing or hunting 
vessels.

63. These are simply loose-fitting slugs which carry a rod extending to the Proj,ectne"y,ng 
muzzle with an eye in the end, to whch is attached a light cord. The projectile
turns around immediately after firing, and is held to its trajectory by the strain of 
the trailing cord. The cord is coiled down on deck and, after the projectile has 
passed over the target, a heavier line is bent to it and with succeeding heavier lines 
a hawser can finally be run. A range of about 350 yards can be secured in a 
3-pounder saluting gun.

64. The following table shows the marks, modifications, and characteristics of 
all projectiles used in the United States Navy, with the guns in which they can be fired.
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CHARACTERISTICS OF PROJECTILES

1 Front and rear.

1 2 3 4 5 6 7

Size. Type mark.
Draw­

ing 
No.

Length. Ogive. Bourrelet. Diameter base.

3-inch. Target, type A.. 72300 81.0±.15, 4.5 
cal.

162.0, 9 cal... 117.9774-.OOO-.007 17.944-.00-.04

Target, type B.. 74911 72.O±.15, 4 
cal.

126.0, 7 cal.... 117.9774-.OOO-.007 17.944-.00-.04

Target, type C.. 74913 63.0±.15, 3.5 
cal.

126.63, 7 cal.. 1 17.9774-.OOO-.007 17.944-.00 —.04

>-inch. A. P., Mk. II-l.. 50926 56.82±.15.... 112.56, 7 cal.. 15.9854-.000-.005 15.94±.O2

A. P., Mk. II-2.. 58839 56.54±.15.... ........ do................ 15.9774-.OOO-.007 15.944-.00-.04

A. P., Mk. II-3.. 59438 56.79±.15.... ....do............... 15.9774- .000—.007 15.94±.02

A. P., Mk. II-4.. 59489 56.54±.15.... ....do............... 15.9774-.OOO-.007 15.94±.O2

A. P., Mk. II-5.. 88001 56.54±.15.... ....do............... 15.9774-.000-.007 1.5 ±.05

A. P., Mk. II-6.. 72101 57. 7±.15... ....do................ 15.9774-.OOO-.007, 1.5 ±.05

A. P., Mk. II-7.. 72719 56.54±.15,... ....do............... 15.9774-.OOO-.007 15.94+.00-.04

A. P., Mk. III-l. 73792 56.79±.15.... ... .do............... 15.9774-.OOO-.007 15.94±.O2

A. P., Mk. III-2. 73793 56.54±.15.... ....do............... 15.9774-.OOO-.007 15.94+.00-.04

A. P., Mk. III-3. 73794 57.17±.15,... ....do............... 15.9774-.000-.007 15.94±.O2

A. P., Mk. Ill 4. 88002 56.54±.15.... ....do................ 15.9774- .000—.007 15.94±.O2

Target, Mk. I.. 55337 56.54±.15.... ....do............... 15.9854- .000—.005 15.94±.O2

Target, Mk. 1-1. 63427 56.54±.15.... ....do............... 15.9774-.OOO.-007 15.94±.O2

Target, Mk.
IV-1.

74549 56.54±.15.... ....do................ 15.9774-.OOO-.007 15.94±.O2

L-inch. A. P., Mk. III.,. 36246 49.384-.12
-.03

98.49, 7 cal... 13.9854-.000 —.005 13.94±.O2

A. P., Mk. V-l.. 38731 49.35±.15.... 98.54, 7 cal... 13.9854-.000-.005 13.94±.O2

A. P., Mk. V-2.. 39738 49.35±.15.... ........ do................ 13.9854-.000-.005 13.94±.O2

A. P., Mk. V-2A. 39177 49.35±.15.... ........ do................ 13.9854-.000-.005 13.94±.O2
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CHARACTERISTICS OF PROJECTILES

* Includes weight of windshield.

8 9 10 H 12 13 14 15

Band to 
base.

Weight 
of explo­

sive.
Weight 

complete.
Weight 
of cap. Diameter. Band width. No. Gun mark.

2.75±.O5 3,330
±9.5

18.38+.005- .000 6.0±.01 18-1 18-Inch.48.

2.75±.O5 3,330
±9.5

18.38+.005- .000 6.0±.01 18-1 Do.

2.75±.O5 2,900
±8.25

18.38+.005- .000 6.0±.01 18-1 Do.

1.5±.O5 50 2,102.8 
±6

111.15 16.32±.005- .000 5.33±.O1 16-2 16-Inch.

1.5±.O5 50 2,100±6 116 16.32±.004-.000 5.33 ±.01 16-2 Do.

1.5±.O5 50 2,100±6 *140.58 16.32-J-.005 —.000 5.33±.O1 16-2 Do.

1.5±.O5 50 2,100±6 131.27 16.32±.005- .000 5.33±.O3 16-2 Do.

1.5±.O5 50 2,100±6 130.77 16.32±.005- .000 5.33±.O1 16-2 Do.

1.5±.O5 50 2,100±6 *153 16.32±.005- .000 5.33±.O1 16-2 Do.

1.5±.O5 50 2,100±6 116 16.32±.005 - .000 5.33±.O1 16-2 Do.

1.5±.O5 50 2,100±6 *141.6 16.32±.005- .000 5.33±.O1 16-1 Do.

1.5±.O5 50 2,100±6 116 16.32±.005 - .000 5.33±.O1 16-1 Do.

1.5±.O5 50 2,100±6 *153 16.32±.005 - .000 5.33±.O1 16-1 Do.

1.5±.O5 50 2,100±6 130.77 16.32±.005- .000 5.33±.O1 16-1 Do.

1.5±.O5 2,100 ±6 16.32±.005 - .000 5.33±.O1 16-2 Do.

1.5±.O5 50 2,100±6 16.32+.005 - .000 5.33±.O1 16-2 Do.

1.5±.O5 50 2,100 ±6 16.32±.005- .000 5.33±.O1 16-1 Do.

l.O±.O5 30.5 1,400 ±4 14.17+.005-.000 4.66±.O1 14-1 AU 14-inch 
with .075 

rifling.

1.0±.05 30.5 l,400±4 *110 14.18+.005- .000 4.66±.O1 14-5 Do.

1.0±.05 30.5 l,400±4 *110 14.17±.005 —.000 4.66±.O1 14-1 Do.

1.0±.05 30.5 1,400 ±4 *110 14.17+.005-.000 4.66±.O1 14-1 Do.
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Characteristics of projectiles—Continued.

1 2 3 4 5 6 7

Size. Type mark.
Draw­

ing 
No.

Length. Ogive. Bourrelet. Diameter base.

14-inch. A. P., Mk. V-2B. 41339 49.35±.15.... 98.54, 7 cal... 13.985+.000—.005 13.94±.O2

A. P., Mk. V-2C. 41340 49.35±.15.... ........do................ 13.985+.000—.005 13.94±.O2

A. P., Mk. VI-2.. 38477 49.489+.10
-.15

98.49, 7 cal... 13.985+.000-.005 13.94±.O2

A. P., Mk. VI-3.. 45054 49.489+.10
-.15

........do................ 13.985+.000 —.005 13.94±.02

A. P., Mk.VII-1. 41522 49.35+.25
-.15

98.54, 7 cal. .. 13.985+.000- .005 13.94±.O2

A. P., Mk. VII-2. 44727 49.60+.00
-.30

98.49, 7 cal. .. 13.985+.000-.005 13.94±.O2

A. P., Mk. VII-3. 45201 49.489+.10
-.15

........do................. 13.985+.000 —.005 13.94 ±.02

A.P.,Mk. VII-4. 45900 49.35±.15........ 98.54, 7 cal.... 13.985+.000 —.005 13.94±.02 l

A. P. Mk. VII-5. 50948 49.35+.25.... 
-.15

.......do................ 13.985+.000-.005 13.94 ±.02

A. P.,Mk. VII-6. 57010 49.35+.25
-.15

.......do................ 13.977+.000-.007 13.94 ±.02

A.P.,Mk.VIII-l. 46948 49.399±.15.... 98.49, 7 cal.... 13.985+.000—.005 13.94 ±.02

A.P.,Mk. VIII-2. 47225 49.25±.15........ .......do................ 13.985+.000- .005 13.94±.O2 j

A.P.,Mk. VIII-3. 47265 49.39±.15........ ....... do................ 13.985+.000- .005 13.94±.O2

A. P.,Mk. VIII-3. 54493 49.39±.15....... ....... do................ 13.985+.000 —.005 13.94±.O2

A.P.,Mk. VIII-4. 47375 49.39±.15........ ....... do................ 13.985+.000- .005 13.94 ±.02

A.P.,Mk. VIII-5. 52982 49.023±.15.... ....... do................ 13.985+.000- .005 13.94±.O2

A.P.,Mk. VIII-6. 54826 49.39+.15....... ....... do................ 13.977+.000-.007 13.94±.O2

A.P.,Mk.VIII-7_ 54891 49.39±.15....... ....... do................ 13.985+.000-.007 13.94±.O2

A.P.,Mk.VIII-8. 57018 49.44±.15....... ....... do................ 13.977+.OOO-.007 13.94 ±.02

A.P.,Mk. VIII-9.

A. P., Mk. VIII­
10.

57334

59082

49.023±.15....

49.47+.13
-.27

....... do................

98.54, 7 cal....

13.977+.000-.007

13.977+.000 —.007

13.94±.O2
-.04

13.94 ±.02
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Characteristics of projectiles—Continued.

♦Includes weight of windshield.

8 9 10 11 12 13 14 15

Band to 
base.

Weight 
of explo­

sive.
Weight 

complete.
Weight 
of cap. Diameter. Band width. No. Gun mark.

1.0 ±.05 31.5 l,400±4 *111.76 14.17±.005—.000 4.66±.O1 14-1 All 14-inch 
with .075 

rifling.

1.0 ±.05 31.5 1,400 ±4 *114.18 14.17±.005 —.000 4.66±.O1 14-1 Do.

1.0 ±.05 30.5 l,400±4 80.46 14.17 ±.005-.000 4.66±.O1 14-1 Do.

1.0 ±.05 30.5 l,400±4 80.46 14.17+.005-.000 4.66±.O1 14-1 Do.

1.0±.05 31.5 l,400±4 *114.18 14.17±.OO5 4.66±.O1 14-2 Do.

1.0 ±.05

1.0 ±.05

31.5

31.5

l,400±4

1,400 ±4

14.17±.005 —.000

14.17±.005 —.000

4.66±.O1

4.66±.O1

14 2B

90.38 14-2B Do.

1.0 ±.05 31.5 l,400±4 75.66 14.17±.OO5 —.000 4.66±.O1 14-2B Do.

l.O±.O5 31.5 1,400 ±4 *111.62 14.17 ±.005 4.66 ±.01 14-2A Do.

1.0±.05 31.5 l,400±4 *111.62 14.17±.005 —.000 4.66±.O1 14-2 Do.

1.0±.05 30.13 l,400±4 91.8 14.17±.OO5 —.000 4.66±.O1 14-2 Do.

1.0±.05 29.5 l,400±4 14.17±.005 —.000 4.66±.O1 14-2 Do.

1.0±.05 29.5 l,400±4 75.66 14.17±.OO5 —.000 4.66±.O1 14-2 Do.

l.O±.O5 29.5 l,400±4 75.66 14.17±.OO5 —.000 4.66±.O3 14-2 Do.

1.0±.05 29.5 l,400±4 14.17±.OO5 —.000 4.66±.O1 14-2 Do.

l.O±.O5 30.13 l,400±4 90.61 14.17±.005—.000 4.66±.O1 14-2 Do.

1.0±.05 29.5 l,400±4 *105 14.17±.005 —.000 4.66±.O1 14-2 Do.

l.O±.O5 29.5 l,400±4 84.07 14.17±.OO5 —.000 4.66±.O3 14-2 Do.

1.0±.05 29.5 J,400 ±4 84.07 14.17±.005 —.000 4.66 ±.03 14-2 Do.

1.0±.05 30.13 l,400±4 92.3 14.17±.OO5 —.000 4.66±.O1 14-2 Do.

4.0 ±.05 31.5 l,400±4 *111.62 14.17±.OO5 —.000 4.66±.O1 14-4 Do.
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Characteristics of projectiles—Continued.

1 . 2 3 4 5 6 7

Size. Type mark.
Draw­

ing 
No.

Length. Ogive. Bourrelet. Diameter base.

14-lnch. A.P., Mk. VIII- 
u.

59300 49.44 + .15....... 98.49, 7 cal.... 13.977+.000-.007 13.94 ±.02

1 A. P., Mk. VIII­
1 12.

71741 49.47+.13
-.27

98.54, 7 cal.... 13.977 + .000 —.007 13.94+ .02

A. P., Mk. IX... 54753 49.35 + .25
-.15

.....do ............... 13.985+.000-.005 13.94 ±.02

Target, Mk. 1-2. 40239 49.39±.15........ 98.49, 7 cal.... 13.985+.000 —.005 13.94 + .02

Target, Mk. 1-3. 41799 49.39 + .15....... .......do................ 13.985+.000 —.005 13.94 ±.02

Target, Mk. 1-4. 54743 49.39 + .15........ .......do................ 13.985 + .000 —.005 13.94 + .02

Target, Mk. 1-5. 57531 49.25 + .15....... ....... do................ 13.985+.000 —.005 13.94+ .02

Target, Mk. 1-6. 64699 49.39 + .15....... ....... do................ 13.977 + .000-.007 13.94+ .02

Target, Mk. IV.. 37854 49.39 + .15....... .......do................ 13.985+.000 —.005 13.94 + .02

Target, Mk. IV- 45879 49.39 + .15....... ....... do................ 13.985+.000—.005 13.94 ±.02

Target, Mk. IV­
2.

48222 49.39 + .15........ ........do................ 13.985+.000-.005 13.94 + .02

Target, Mk. IV­
3.

57250 49.39 + .15........ ....... do................ 13.985 + .000 —.005 13.94+ .02

Target, Mk. IV­
4.

62675 49.39 + .15....... ....... do................ 13.977 + .000-.007 13.94+ .02

Class B, Mk. 
IX-1.

54487 56.0 + .15.......... 99.4, 7 cal........ 13.985+.000-.005 13.94+ .02

Class B, Mk. 
IX-2.

54671 56.0 + .15.......... ....... do................ 13.985+.000 —.005 13.94 ±.02

55050 56.0 + .15.......... ....... do................ 13.985+.000 —.005 13.94 + .02
IX-3.

Class B, Mk. 
XI-1.

66162 62.05 + .15....... 127.26, 9 cal... 13.977 + .000 —.007 13.93 + .01

Class B, Mk. 
XI-2.

71703 62.05 + .15........ ....... do................ 13.977 + .000 —.007 13.93+ .01

13-lnch. A. P., Mk. III... 31180 43.58 + .05........ 39.39, 3 cal.... 12.96+.01 12.88 + .02
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Characteristics of projectiles—Continued.

* Includes weight of wind shield.
28015—24------10

8 9 10 11 12 13 14 15

Band to 
base.

Weight 
of explo­

sive.
Weight 

complete.
Weight 
of cap. Diameter. Band width. No. Gun mark.

1.0±.05 29.5 l,400±4 84.07 14.17-f-.005-.000 4.66±.O3 14-2 All 14-inch
with .075

i rifling.

1.0±.05 31.5 l,400±4 *111.62 14.17+.005-.000 4.66±.O1 14-4 Do.

l.O±.O5 31.5 l,400±4 *111.62 14.17±.OO5 4.66±.O1 14-2 Do.

1.5±.05 0 l,400±4 14.17+.005-.000 4.66±.O1 14-1 Do.

1.5 ±.05 0 l,400±4 14.17+.005-.000 4.66±.O1 14-2B
Do.

1.5±.05

1.0±.05 0
l,400±4

l,400±4

14.17+.005-.000

14.17±.OO5-.000

4.66±.O1

4.66±.O1 .*
 *■ 

IS
 > Do.

Do.
1.5±.O5 0 l,400±4 14.17+.005-.000 4.66±.O1 14-2

Do.
1.5±.O5 0 l,400±4 14.17+.005-.000 4.66±.O1 u-1

Do.
1.5 ±.05 0 1,400±4 14.17+.005-.000 4.66±.O1 14-2B

Do.

1.5 ±.05 0 l,400±4 14.17+.005 .000 4.66±.O1 14-2 Do.

1.5 ±.05 0 1,400 ±4 14.17+.005 - .000 4.66±.O1 14-2 Do.

1.5±.05 0 1,400 ±4 14.17+.005 - .000 4.66±.O1 14-2 Do.

1.0±.05 88.4 l,400±4

l,400±4

l,400±4

1,177.4

14.17+.005 - .000

14.17+.005- .000

14.17±.OO5-.000

4.66±.O1 14-2 Do.

1.0 ±.05 88.4 4.66±.O1 14-2 Do.

1.0±.05 88.4 4.66±.O1 14-2 Do.

2.25±.O2 135 14.17±.OO5-.000 4.66±.O1 14-7 Do.
±3.5

2.25±.02 135 1,177.4
±3.5

14.17-f-.005 —.000 4.65 ±.02 14-6 Do.

1.5±.05 22.11 l,130±3 71 13.163±.005- .000 1.74±.01 13-5 All 13-inch.
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Characteristics of projectiles—Continued.

1 2 3 4 5 6 7

Size. Type mark.
Draw­

ing 
No.

Length. Ogive. Bourrelet. Diameter base.

13-iiicli. A. P., Mk. V....... 32603 42.22±.15.... 36.107, 3 cal... 12.98±.O1 12.94±.O2

A. P., Mk. IX-1. 58838 46.05 ±.15.... 91.445, 7 cal... 12.977±.000-.007 12.94+.00-.04

A. P., Mk. IX-2. 64145 46.477±.15... ....... do................ 12.9774-.000 —.007 12.94+.00-.04

Target, Mk. VI. 23364 45.36±.15... 37,375, 3 cal... 12.98±.O1 12.88±.02

Target, Mk.
VIII-1.

40022 45.80±.15.... 91.46, 7 cal... 12.985±.000-.005 12.94±.O2

Target, Mk.
VIII-2.

57398 45.80±.15.... ........do................ 12.985±.000-.005 12.94±.O2

Target, Mk.
VIII-3.

62707 45.80±.15.... ........ do................ 12.977 + .000-.007 12.94±.O2

12-incli. A. P., Mk. III... 31149 39.78±.05.... 36.36, 3 cal.... 11.96±.O1 11.88±.O2

A. P., Mk. Ill- 19254 41.37............... 30.15, 2.5 cal. 11.96 11.88
1.

A. P., Mk. V........ 29174 38.76±45.... 30.30, 2.5 cal. 11.98±.O1 11.88±.02

A. P., Mk. VII.. 30650 42.65 + .10
-.20

84.42, 7 cal.... 11.99 ±.005 11.94±.O2

A. P., Mk. VIII. 32513 41.93 —.20.... ........ do................ 11.99±.005 11.94±.O2

A.P.,Mk. VIII-1. 33453 41.93±.15.... ........ do................ 11.99±.005 11.94±.O2

A. P.,Mk. VIII-2. 35051 41.93±.2O.... ........ do................ 11.99±.005 11.94±.O2

A.P.,Mk. VIII-3. 35556 41.93±.15.... ........ do................ 11.99 ±.005 11.94±.O2

A.P.,Mk. VIII-4. 36039 41.93±.15... 84.62, 7 cal.... 11.99±.005 11.94±.O2

A.P.,Mk. VIII-5. 36247 41.93±.15.... 84.55, 7 cal.... 11.99±.005 11.94±.O2

A.P..Mk. VIII-6. 39491 42.10±.15.... ........ do................ 11.985 ±.000-.005 11.94±.O2

A. P., Mk. XII.. 33350 42.25±.15.... 84.42, 7 cal... 11.99±.005 11.94±.O2

A. P., Mk. XIII. 34844 42.25±.15....... ........ do................ 11.99±.005 11.94 ±.02

. A. P., Mk. XIV.. 36436 42.25 ±.15....... ........ do................ 11.99±.005 11.94 ±.02
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Characteristics of projectiles—Continued.

* Includes weight of wind shield.

8 9 10 11 12 13 14 15

Band to 
base.

Weight 
of explo­

sive.
Weight 

complete.
Weight 
of cap. Diameter. Band width. No.

!
Gun mark.

1.5 ±.05 36.12 1,130.04
±3

67.6 13.15+.005-.000 2.44±.O2 13-3 All 13-lnch. 
Do.

1.0±.05 27.75 l,130±3 70.48 13.12+.005 - .000 4.33±.O1 13-1B Do.

l.O±.O5 27.75 l,130±3 67.98 13.12+.005-.000 4.33±.O1 13-1B Do.

1.5±.05 0 1,130 ±3 13.15 ±.005-.000 2.44±.O2 13-4 Do.

1.5 ±.05 0, 1130±3.5 13.12+.005- .000 4.33±.O1 13-2 Do.

1.5 ±.05

1.5±.05

0 1130±3.5

1130±3.5

13.12 + .005-.000 4.33±.O1 13-1A Do.

0 13.12 + .005-.000 4.33±.01 13-1 Do.

1.5 ±.05 18.18 870±2.5 54 12.163+.005
-.000

1.74±.O1 12.11 B.

1.5 20.4 12.16 1.74±.01 12.12‘ B.

1.5±.O5 11.78 870±2.5 54.5 12.14+.005-.000 8.0±.01 12-9 B.

1.0±.10 26.50 87O±2.5 * 73.5 12.12+.005 —.000 4.0±.01 12-1 A.

1.0±.10 24.80 870±2.5 * 64.8 12.12+.005-.000 4.0±.01 12-1 A.

1.0±.10 24.80 870±3 * 62.64 12.12+.005 - .000 4.0±.01 12-1 A.

1.0±.10 24.80 870±3 40.25 12.12+.005-.000 4.0±.01 12-1 A.

1.0±.10 24.80 870±3 * 64.8 12.12+.005-.000 4.0±.01 12-1 A.

1.0±.10 24.80 870±3 * 72 12.12+.005-.000 4.0±.01 12-1 A.

1.0±.10 24.80 870±3 * 69 12.12 + .005 - .000 4.0±.01 12-1 A.

1.0±.05 24.80 870±3 * 69 12.17+.OO5-.OOO 4.0±.0l 12-4 B.

1.0±.10 24.80 870 ±3 53.18 12.12+.005-.000 4.0±.01 12-1 A.

1.0±.10 24.80 870±3 12.12±.005-.000 4.0±.01 12-1 1 A.

1.0±.05 25 870±3 53.15 12.12+.005-.000 4.0±.01 12 7 A.
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Characteristics of projectiles—Continued.

1 2 3 4
________

5 6 7

Size. Type mark.
Draw­

ing 
No.

Length. Ogive. Bourrelet. Diameter base.

12-lnch. A. P., Mk. XIV­
2.

38742 42.25+.10
-.20

84.42, 7 cal... 11.985+.000 —.005 11.94+.02

A. P., Mk. XIV­
3.

38932 42.17i.15....... ........ do................ 11.985+.000 —.005 11.94 + .02

A. P., Mk. XIV­
4.

38973 42.20+.15
-.30

........ do................ 11.985+.000 —.005 ll.94i.02

A. P., Mk. XIV- 
5A.

39223 42.0 + .15:........ 84.55, 7 cal.... 11.985+.000 —.005 ll.94i.02

A.P.,Mk.X - 
5B.

39224 42.0i.15.......... ........ do................ 11.985+.000 —.005 ll.94i.02

A. P., Mk. XIV­
5C.

41337 42.0i.15.......... ........ do................ 11.985+.000—.005 ll.94i.02

A. P., Mk. XIV­
5D.

41338 42.0i.15.......... ........ do................ 11.985+.000 —.005 ll.94i.02

A. P., XIV-6....... 41381 42.25+.10
-.20

84.42, 7 cal.... 11.985+.000 —.005 ll.94i.02

A. P., Mk. XIV­
7.

41372 42.17i.15........ ........ do................ 11.985+.000 —.005 ll.94i.02

A. P., Mk. XIV­
8.

44886 42.17+.15....... ........ do................ 11.985 + .000-.005 ll.94i.02

A. P., Mk. XV-1. 41523 42.10+.15........ 84.55, 7 cal.... 11.985 + .000 —.005 11.94 + .02

A. P., Mk. XV-2. 44738 42.10 + .15....... 84.42, 7 cal.... 11.985 + .000 —.005 11.94 + .02

A. P., Mk. XV-3. 44729 42.15+.10
-.30

........ do................ 11.985 + .000 —.005 11.94 + .02

A. P., Mk. XV-4. 45016 42.10i.15....... ........ do................ 11.985 + .000 —.005 ll.94i.02

A. P., Mk. XV-5. 46939 42.15i.15....... ........ do................ 11.977+-000 —.007 11.94 + .02

A. P.,Mk. XV-6. 59359 42.15i.15....... ........ do................ 11.977+.000 —.007 ll.94i.02

Cl. B...................... 50387 42.0.................... 47.20, 4 cal.... 11.985 11.94

Target, Mk. 
X-l.

40195 42.10i.15....... 84.42, 7 cal.... 11.985 + .000 —.005 11.94 + .02

Target, Mk. 
X-2.

41524 42.10i.15....... ........do................ 11.985+.000 —.005 11.94 + .02
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Characteristics of projectiles—Continued.

Includes weight of wind shield.

8 9 10 11 12 13 14 15

Band to 
base.

Weight 
of explo­

sive.
Weight 

complete.
Weight 
of cap. Diameter. Band width. No. Gun mark.

1.0±.05 20.5 870±3 53.15 12.17 + .OO5-.000 4.0±.01 12-4 B.

1.0 ±.05 20.5 87O±3 48.97 12.17±.OO5-.000 4.0 + .01 12-4 B.

1.0 ±.05 20.5 870 ±3 12.17+ .005-.000 4.0 + .01 12 4 B.

1.0 ±.05 20.5 870 ±3 * 69 12.17+.005-.000 4.0±.01 12 4 B.

l.O±.O5 20.5 870±3 * 69 12.17 + .OO5-.000 4.0±.01 12-4 B.

1.0±.05 22 870±3. * 70.16 12.17 + .005-.000 4.0±.01 12-4 B.

1.0±.05 22 870±3 * 70.86 12.17 + .OO5-.000 4.0±.01 12-4 B.

1.0 ±.05 25.49 870±3 53.15 12.17+.OO5-.000 4.0±.01 12 4 B.

1.0±.05 23.59 870±3 48.97 12.17+ .005-.000 4.0±.01 12-4 B.

l.O±.O5 23.59 870±3 48.97 12.17 + .OO5-.000 4.0±.01 12-4 B.

1.0±.05 22 870±3 * 78 12.17 + .OO5-.000 4.0±.01 12-2A B.

1.0±.05 22.50 870±3 ................... 12.17 + .OO5 - .000 4.0±.01 12-2A B.

1.0 ±.05 21.50 870±3 12.17+.005-.000 4.0±.01 12-2A B.

l.O±.O5 21 870±3 60.16 12.17+.005-.000 4.0±.01 12-2A B.

1.0±.05 22.5 870±3 48.97 12.17+.OO5-.000 4.0±.02 12-2 B.

1.0 ±.05 22.5 870±3 54.12 12.17+.005-.000 4.0±.02 12-2 B.

1.50 74.81 740 12.17 4.0 12-2 B.

1.5 ±.05 0 870±3 12.17+.005 - .000

12,17 + .005-,000

4.0 ±.01 12 4 B.

1.5 ±.05 0 87O±3 ................... 4.0±.01 12-2A B.
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(■ haracteristics of projectiles—Continued.

1 2 3 4 5 6 7

!
Size. Type mark.

Draw­
ing 
No.

Length. Ogive. Bourrelet. Diameter base.

12-inch. Target, Mk. 
X-3.

41800 42.10±.15.... 84.42, 7 cal... 11.985+.000-.005 11.94±.O2

Target, Mk. 
X 4.

45842 42.10±.l 5.... ........ do.............. 11.985+.000-.005 11.94±.O2

Target, Mk. 
X-5.

48221 42.10±.15.... ........ do............... 11.985+ .000-.005 11.94±.O2

Target, Mk. 
X-6.

48437 42.10±.15.... ........ do............... 11.985+.000-.005 11.94 ±.02

Target Mk. X-7. 50388 42,10±.15.... ........ do............... 11.985+.000-.005 11.94±.O2

Target Mk. X-8. 54744 42.10±.15.... ........ do............... 11.985+.000-.005 11.94±.O2

Target Mk. XI. 32887 41.56±.35.... ........ do............... 11.99±.005 11.94±.O2

Target Mk. XI-1 38704 41.56±.35.... ........ do.............. 11.985+.000-.005 11.94±.O2

Target Mk.XI-2 39499 41.54±.35... ........ do............... 11.9S5+.000-.005 11.94±.O2

Target Mk. XI-3 54746 42.10±,15.... ........ do.............. 11.985+.000-.005 11.94±.O2

.....do................... 54746 42.10±.15.... ,....do............. 11.985+.000-.005 11.94±.O2

Target Mk. XI-4 60286 42.10±,15.... ........ do.............. 11.977+.000 —.007 11.94±.O2

........do.................... 60286 42,10±.15.... ........ do.............. 11.977 + .OOO-.OO7 11.94±.O2

10-inch. A. P., Mk. III... 31148 33.31 ±.05.... 30.30, 3 cal.. 9.96±.O1 9.88±.O2

A. P., Mk. V........ 32512 35.16 ±.15.... 70.35, 7 cal.. 9.99±.005 9.94±.O2

A. P., Mk. VI... 33215 35.45±,15.... .... .do............. 9.99±.005 9.95+.01-.03

A. P.,Mk. VI-1.. 35795 35.207±,15.. ........ do.............. . 9.99±.005 9.94±.O2

A. P.,Mk. VI-2.. 36781 35.33±.15.... ........ do.............. 9.99±.005 .9.94 ±.02

A. P.,Mk. VI-3.. 47273 35.20±.15... ........ do.............. 9.9S5+.000-.005 9.94 ±.02

Target, Mk.
VII-1.

35426 34.67 ±.3... 70.35, 7 cal... 9.99 ±.005 9.94±.O2

Target, Mk.
VII-2.

40021 35.20±.15.... ........do... .......... 1 9.985+.000-.005 9.94±.O2

Target, Mk.
VII-3.

62778 35.20±.15..„ ........do... .......... 9.977 + .OOO-.OO7 9.94±.O2
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Characteristics of projectiles—Continued.

* Includes weight of wind shield.

8 9 10 11 12 13 14 15

Band to 
base.

Weight 
of explo­

sive.
Weight 

complete.
Weight 
of cap. Diameter. Band width. No. Gun mark.

1.5±.05 0 870±3 12.17+ .005-.000 4.0±.01 12-2A B.

1.5 ±.05

1.5 ±.05

0 S70±3

870 ±3

12.1 7 + .OO5 — .000 4.0±.01

4.0 ±.01

12-2A B.

0 12.1 7 ±.005-.000 12 2 B.

1.5 ±.05 0 8 70 ±3 12.12+ .005-.000 ! 4.0 ±.01 12 6 A.

1.5 ±.05 0 870±3 12.17+ .005-.000 4.0±.01 12-2 B.

1.5 ±.05 0 870±3 12.12+.005-.000 4.0±.01 12-6 A A.

1.0 ±.05 0 8 70 ±3 12.12+.005-.000 4.0±.01 12-1 A.

1.0 ±.05 0 870±3 12.18 + .005-.000 4.0±.01 12 8 B.

1.0 ±.05 0 870±3 12.18+.OO5 — .000 4.0±.01 12-8 B.

1.5 ±.05 0 870±3 12.17+ .005-.000 4.04 .01 12-2B B.

1.5 ±.05 0 870±3 12.12 + .005 — .000 4.0 ±.01 12 6 A.

1.5 ±.05 0 870±3 12.17 + .005 — .000 4.0±.01 12-2 B.

1.5 ±.05 0 8 70 ±3 12.12 + .005-.000 4.0±.01 12 6 A.

1.5 ±.05 9.75 5.10±2 32 10.153+.005 —.000 1.65 ±.01 10 4 AlllO-inch.

1.0±.10 13.22 5.10 ±2 * 37.5 10.12 + .005.-000 3.33 ±.01 10-1 Do.

1.0±.05 13.22 5.10 ±2 10.12+ .005-.000 3.33 ±.01 10-1 Do.

1.0±.05 13.22 5.10 ±2 31.69 10.12 + .005-.000 3.33 ±.01 10-1 Do.

1.0±.10 13.22 5.10±2 * 35.25 10.12 + .005-.000 3.33 ±.01 10-1 Do.

1.0±.05 13.25 5.10 ±2 10.12+.005-.000 3.33 ±.01 10-1 Do.

1.0±.05 0 5.10 ±2 10.12+.005-.000 3.33 ±.01 10-1 Do.

1.50±.05 0 5.10±2 10.12+ .005-.000 3.33±.O1 10-2 Do.

1.50 ±.05 0 51.0 ±2 10.12 + .005-.000 3.33 ±.01 10-3 Do.
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Characteristics of projectiles—Continued.1 2 3 4 5 6 7

Size. Type mark.
Draw­

ing 
No.

Length. Ogive. Bourrelet. Diameter base.

8-lnch. . A. P., Mk. III... 19253 27.0.................... 20.15, 2.5 cal.. 7.96 7.93

A. P., Mk. III-l. 20201 26.76±.05....... ........ (Io................ 7.96±.01 7.93±.O2

A. P., Mk. IV.... 21510 27.0±.05.......... 24.18,3 cal.... 7.96±.O1 7.90±.02

A. P., Mk. V-l.. 24767 27.0±.15.......... 20.15, 2.5 cal.. 7.98±.01 7.9O±.O2

A.P., Mk. VI ... 30297 28.2O±.2O........ 7.99±.005 7.94 ±.02

A. P.,Mk. VII-1. 33014 28.20±.15....... 56.28, 7 cal... 7.99±.OO5 7.94±.O2

A. P., Mk. VII-2. 32511 27.89±.15....... ........ do................ 7.99±.005 7.94±.O2

A. P., Mk. VII-3. 35841 27.964±.15... ........ do................ 7.99±.005 7.94±.O2

A. P., Mk. VII-4. 36388 28.03±.15........ 56.315, 7 cal.. 7.99 ±.005 7.94±.O2

A. P.,Mk. VII-5. 36389 28.03±.15.... ........ do................ 7.99 ±.005 7.94±.02

A. P., Mk. VII- 
5A.

39490 28.03±.15.... ........ do................ 7.985+.000-.005 7.94±.O2

A. P.,Mk. VII-6. 44777 28.18±.15....... 56.28, 7 cal.... 7.985±.OOO-.OO5 7.94±.02

A. P., Mk. VII-7. 38936 28.03±.15....... 56.315, 7 cal... 7.985+.000- .005 7.94±.02

A. P., Mk. VII- 
7A.

39217 28.06±.15........ ........ do................ 7.985+.000-.005 7.94±.O2

A. P., Mk. VII- 
7B.

40646 28.06 . . 56.345, 7 cal.. 7.985+.000-.005 7.94±.O2

A. P., Mk. VII­
7C.

40647 28.0 6± ........ do................ 7.985±.OOO-.005 7.94±.02

A. P., Mk.VII-8. 38974 28.10+-10
-.15

56.28, 7 cal... 7.985±.000-.005 7.94±.O2

A. P., Mk.VII-9. 44914 28.18±.15....... ........ do................ 7.985+.000-.005 7.94±.O2

A. P., Mk.X-l.. 41537 28.06±.15........ 56.345, 7 cal.. 7.985+.000-.005 7.94±.O2

A. P., Mk. XI-1. 62688 28.10±.15........ 56.28, 7 cal... 7.985+.000-.005 7.94±.O2

Target, Mk. 
VIII.

32483 27.50±.25....... ........ do................ 7.99±.005 7.94±.O2

Target, Mk.
VIII-1.

35403 27.50±.25........ .........do................ 7.99±.005 7.94±.O2
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0 haracteristics of projectiles—Continued.

8 9 10 11 12 13 14 15

Band to 
base.

Weight 
of explo­

sive.
Weight 

complete.
Weight 
of cap. Diameter. Band width. No. Gun mark.

1.5 7.2 8.14 1.35 8-2 All 8-lnch.

1.5±.05 5.96 260±l 14.14 8.14±008 1.33 ±.01 8-2 Do.

1.5 ±.05 5.80 260 ±1 16 8.14±.OO8 1.35±.01 8-2 Do.

1.5 ±.05 260 ±1 12.38 8.14+.005-.000 1.88±.O1 8 4 Do.

1.0±.10 5.39 260 ±1 * 22.67 8.12 ±.005-.000 2.66 ±.01 8 1 Do.

1.0±.10 5.49 260 ±1 8.12+.005-.000 2.66±.01 8-1 Do.

1.0±.10 5.48 260±l * 19.2 8.12+.005 - .000 2.66±.O1 8-1 Do.

1.0±.10 5.49 260±l 15.84 8.12+.005 - .000 2.66±.O1 - Do.

1.0±.10 5.49 260 ±1 16.99 8.12+.005-.000 2.66±.O1 8-1 Do.

1.0±.10 5.49 260 ±1 * 18 8.12+.005-.000 2.66 ±.01 8-1 Do.

1.0 ±.05 4.40 260±l * 18 8.12+.005-.000 2.66±.O1 8-1 Do.

1.0±.05 5.50 260 ±1 * 15.64 8.12+.005-.000 2.66±.01 8 3 Do.

1.0±.05 5.49 260 ±1 * 18 8.12+.005-.000 2.66±.O1 8-3 Do.

1.0±.05 4.50 260 ±1 * 18 8.12+.005- .000 2.66 ±.01 8-3 Do.

1.0±.05 5.50 260±l * 19 8.12+.005-.000 2.66±.O1 8-3 Do.

1.0±.05 5.50 260±l 8.12+.005 - .000 2.66±.O1 8-3 D».

1.0±.10 5.46 260 ±1 8.12+.005-.000

8.12 + .005-.000

2.66±.O1 8-5 Do.

1.0±.10 5.50 260 ±1 15.64 2.66±.O1 8-3 Do.

1.0±.10 5.50 260±l •*’ 8.12+.005-.000 2.66±.O1 8-5 Do.

1.0±.10 5.50 260 ±1 11.37 8.12 + .005-.000 2.66±.O2 8-5 Do.

1.0±.15 0 260±l 8.12+.005-.000 2.66±.O1 8-1 Do.

l.O±.O5 o 260±l 8.12+.005-.000 2.66±.O1 8-1 Do.
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0 haracteristics of projectiles—Continued.

* 2 3 4 5 6 7

Size. Type mark.
Draw­

ing 
No.

Length. Ogive. Bourrelet. Diameter base.

8-inch . Target, Mk. 
VIII-2.

88924 27.50±.25....... 56.28, 7 cal... 7.985+.000-.005 7.94 ±.02

Target, Mk. 
IX-1.

39754 28.O±.15.......... ........ <lo................ 7.985 + .000—.005 7.94±.02

Target, Mk. 
IX-2.

45851 2S.0±.15.......... ........ do................ 7.985+.000 —.005 7.94 ±.02

Target, Mk. 
IX-3.

48528 28.0 ±.15.......... ........ do................ 7.985+.000 —.005 7.94±.O2

Target, Mk. X.. 54866 28.0±.15.......... ........ do................ 7.985+.000-.005 7.94±.02

Target, Mk. 
X-l.

62779 28.0±.15....... ........ do................ 7.977+.000 —.007 7.94±.02

62634 43.25±.15....... Flat nose........ 7.97 + .000 —.007 7.92±.O1
XII-4.

7-inch. A. P., Mk. II I.. 21451 22.89±.15....... 21.18, 3 cal. .. 6.98 ±.01 6.90±.01

A. P., Mk. VI . .. 32510 23.65 ±.15....... 49.245, 7 cal.. 6.99 ±.005 6.94 ±.02

A. P., Mk. VI-1. 33452 23.64 ±.15........ .........do................ 6.99±.OO5 6.94 ±.02

A.P., Mk. VII. .. 24766 22.48±.15........ 21.18,3 cal. .. 6.98 ±.01 6.9O±.O1

A. P., Mk. VIII.. 28522 21.57±.15........ 17.65, 2.5 cal.. 6.98 ±.01 6.96±.O2

A. P., Mk. IX.... 31146 22.48±.15....... 21.18, 3 cal. .. 6.98 ±.01 6.90±.01

A. P., Mk. X I .. 36390 23.73±.15....... 49.28, 7 cal ... 6.99 ±.005 6.94±.O2

A. P., Mk. X-2.. 36391 23.73±.15........ ........ do................ 6.99 ±.005 6.94±.O2

A. P., Mk. XII-1 41385 2.3.68±.11
-.19

49.27, 7 cal. .. 6.985 ±.000-.005 6.94 ±.02

A. P., Mk. XII-2 44730 23.75+.04
-.26

49.245, 7 cal.. 6.985+ .000-.005 6.94 ±.02

A. P., Mk. XII-3 54890 23.73±.15....... ........ do................ 6.985+.000 —.005 6.94 ±.02

A. P.,Mk. IV-1.. 38488 23.64 ±.15........ ........do................ 6.96±.O1 6.94±.O1

A. P.. Mk.VIII-1 38490 23.57±.15........ ........ do................ 6.98±.O1 6.96±.O2

A. P., Mk. IX-1. 38485 23.64±.15........ ........ do................ 6.96±.O1 6.94±.O1
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Characteristics of [projectiles—Continued.

* Includes weight of wind shield.

8 9 10 11 12 13 u 15

Band to 
base.

Weight 
of explo­

sive.
Weight 

complete.
Weight 
of cap. Diameter. Band width. No. Gun mark.

1.0±.05

1.5 ±.05

0 260±l

260±l

8.12+.005 - .000 2.66±.01 8-1 All 8-inch.

0 8.12+.005-.000 2.66 ±.01 8-3 Do.

1.5 ±.05 0 260 ±1 8.12+.005-.000 2.66 ±.01 8-5 Do.

1.5 ±.05

1.5 ±.05

1.5±.05

1.52 ±.05

0 260 ±1

260 ±1

8.12+.005 .000 2.66 ±.01 ■ 8-5 Do.

0 8.12 + .005 .000 2.66 ±.01 8-5 l)o.

0 260 ±1

285.31 ±1

8.12+.005-.000 2.66 ±.01 8-5 Do.

75 8.12+.OO5-.OOO 1.5 ±.01 8 6 Do.

1.5±.05 2.58 165±.75 12.5 7.13+.OO5-.OOO 1.78±.01 7-6 All 7 •inch.

1.0±.10 4.31 165 ±.75 * 12.8 7.12 +.005 .000 2.33 ±.01 7-1 Do.

1.0±1.0 4.31 165±.75 12.8 7.12+.OO5-.OOO 2.33 ±.01 7-1 Do.

1.5 ±.05 2.75 165±.75 8.77 7.13+ .005-.000 1.78±.O1 ’« Do.

1.5 ±.05 2.19 165±.75 10.8 7.13 + .005-.000 1.78±.01 7-5 Do.

1.5 ±.05 2.75 165±.75 8.77 7.13+.OO5 .000 1.78±.O1 7-6 Do.

1.0±.10 4.31 165±.75 * 11.5 7.12+.005-.000 2.33 ±.01 7-1 Do.

1.5±.1O 4.31 165±.75 * 12 7.12+.005-.000 2.33 ±.01 7-1 Do.

l.O±.O5 4.0 165±.75 * 13 7.12+.OO5-.OOO 2.33 ±.01 7-3A Do.

1.0 ±.05 3.50 165 ±.75 7.12+.OO5-.OOO 2.33 ±.01 7-3 A Do.

1.0±.05 3.50 165±.75 7.12+.OO5- .000 2.33 ±.01 7-3 Do.

1.0 ±.05 3.23 165±.75 7.12+.005 - .000 2.33 + .01 7-1 Do.

1.5 ±.05 2.19 165±.75 7.13+.005 - .000 1.78±.01 7-5 Do.

1.0±.05 2.75 165±.75 7.12+ .005-.000 2.33 + .01 7-1 Do.
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Characteristics of projectiles—Continued.

1 2 3 4 5 6 7

Size. Type mark.
Draw­

ing 
No.

Length. Ogive. Bourrelet. Diameter base.

7-inch.. Target, Mk. XI. 35213 23.48±.2O........ 49.245, 7 cal.. 6.99 ±.005 6.94±.02

Target, Mk, 
XI-1.

37924 23.48±.2O....... ........ do................ 6.985+.000-.005 6.94 ±.02

Target, Mk. 
XI-2.

39739 23.64±.15........ ........ do................ 6.985±.000 —.005 6.94±.02

Target, Mk. 
XT 3.

45850 23.64 ±.15........ ........ do................ 6.985 ±.000-.005 6.94 ±.02

Target, Mk. 
XI 4.

48527 23.64±.15........ ........ do................ 6.985±.000-.005 6.94 ±.02

Target, Mk. 
XI-5.

62708 23.64±.15........ ........ do................ 6.985±.000 —.008 6.94±.O2

Cl. B, Mk.
XIII-1.

59444 28.84 ±.15........ 28.28, 4 cal.... 6.985±.000 —.008 6.94 ±.02

CI. B, Mk.
XIII-2.

64338 28.84±.15........ ........ do................ 6.985±.000 —.008 6.94 ±.02

CI. B, Mk. 
XIV 1.

64156 28.84±.15........ ........ do................ 6.985±.000 —.008 6.94 ±.02

CI. B, Mk. 
XIV-2.

64337 28.84±.15........ ........ do................ 6.985±.000 —.008 6.94 ±.02

6-inch... A. P., ribbed 
cavity.

22955 19.70±.05....... 16.04, 2.7 cal.. 5.98±.01 5.93

A. P., Mk. 1-1.. 20532 18.467±.05... 12.08, 2 cal.... 5.96±.01 5.93±.02

A. P., Mk. 1-2.. 18409. 19.76................. 15.0, 2.5 cal... 5.96 5.94

A. P., Mk. 1-3.. 21511 19.41±.15 .... 18.18, 3 cal.... 5.96±.O1 5.90±.02

A. P., Mk. V., 
ribbed cavity.

27812 18.97±.O5 .... 16.04, 2.7 cal.. 5.98±.O1 5.93±.O1

A. P., Mk. VI. .. 27939 19.41±.15 .... 18.18,3 cal.... 5.98±.O1 5.92±.O1

A. P., Mk. VII.. 29409 18.84±.15 .... ........ do................ 5.98±.O1 5.94 ±.02

A. P., Mk. VIII.. 30651 21.0±.15.......... 42.21, 7 cal.... 5.99±.005 5.94±.O2

A. P., Mk. IX. .. 32509 20.40±.15 .... ........ do................ 5.99±.005 5.94 ±.02

A. P., Mk. IX-1. 33451 20.40±.15 .... ........ do................ 5.99±.005 5.94±.O2
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Characteristics of projectiles—Continued.

* Includes weight of wind shield.

8 9 10 11 12 13 14 15

Band to 
base.

Weight 
of explo­

sive.
Weight 

complete.
Weight 
of cap.

.. .. .

Diameter. Band width. No. Gun mark.

1.0±.05 0 165±.75 7.12+.005-.000 2.33±.O1 7-1 All 7-lnch.

1.0±.05 0 165±.75 7.12+.005-.000 2.33±.O1 7-1 Do.

1.5±.O5 0 165±.75
...................

7.12+.OO5-.000 2.33±.01 7-4 Do.

1.5±.O5 0 165±.75 7.12+.OO5-.000 2.33±.O1 7-3 Do.

1.5±.O5 0 165±.75 7.12+.OO5-.000 2.33±.O1 7-3 Do.

1.5±.O5 0 165±.75 7.12+.005-.000 2.33±.01 7-3 Do.

1.0 ±.05, 24 153±.75 7.12+.OO5- .000 2.33±.01 7-3 Do.

1.0±.05 24 153±.75 7.12+.005-.000 2.33±.01 7-2 Do.

1.0±.05 24 153±.75 7.12 + .005-.000 2.33±.O1 7-3 Do.

l.O±.O5 24 153±.75 7.12+.005 - .000 2.33±.01 7-2 Do.

2.45 ±.05 105±.5 6.12+.005-.000

6.12±.008
6.12 1

1.15±.01 6-11 6"/40,6"/44.

6"/40,6'744.

6"/40, 6"/44.

6"/40,6"/44.

1.5±.05 1.15±.O1 6-11A

1.5

...................

5 1.15 6-7

1.5±.05 2.0 105 6.75 6.12±.008 1.15±.01 6-4

2.45±.O5 105±.5 6.12+.005-.000

6.12+.005-.000

6.12+.005-.000

1.15±.01 6-11 6"/40,6"/44.

6"/40,6"/44.

6"/40,6"/44.

1.5±.05 1.558±.01 6-8A

1.5±.05 2.20 105 ±.5 6.7 1.558±.O1 6-8

1.0±.10 2.50 105±.5 *7.5 6.12+.005-.000 2.0±.01 6-2 6"/50,6"/53.

1.0±.10 2.50 105±.5 *8.1 6.12+.005-.000 2.0±.01 6-2 6"/50,6"/53.

1.0±.10 2.50 105±.5 7.83 6.12+.005-.000 | 2.0±.01 6-2 6"/50,6"/53.
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Characteristics of projectiles—Continued.

Size.

6-inch .

1 2 3 4 5 6 7

Type mark.
Draw­

ing 
No.

Length. Ogive. Bourrelet. Diameter base.

A. P., Mk. IX-2. 35052 20.40±.15 ... 42.21, 7 cal.. 5.99 ±.005 5.94±.O2

A. P., Mk. IX-3. 35414 20.40±.15 ... ........... do.............. 5.99 ±.005 5.94±.O2

A. P., Mk. IX-4. 35563 20.40±.15 ... ........ do.............. 5.99 ±.005 5.94±.O2

A. P., Mk. 1X5 36038 20.44±.15 ... 42.31, 7 cal... 5.99±.005 5.94±.O2

A. P., Mk. IX-6. 36272 20.34±.15 ... ........... do.............. 5.99 ±.005 5.94+.02

A . P . , M k . 
XVIII-1.

41384 20.375+.15 
-.25

42.275, 7 cal. 5.985+.000-.005 5.94±.O2

A . P . , M k . 
XVIII-2.

44728 20.50+.05
— .25±.25

42.21, 7 cal... 5.985+.000 —.005 5.94±.O2

Target, Mk. 
XIV-1.

40017 20.40+.15 ... ........ do.............. 5.985+.000 —.005 5.94±.O2

Target, M k.
XIV-2.

45849 20.40±.15 ... ........ do.............. 5.985+.000 —.005 5.94±.O2

Target, M k. 
XIV-3.

48526 20.40 + .15 ... ........ do.............. 5.985+.000 —.005 5.94±.O2

Target, M k. 
XIV-4.

57529 22.85±.15 ... 45.50, 7.6 cal. 5.985 + .000 —.005 5.94±.O2

Target, Mk. 
XIV-5.

59379 20.40±.15 ... 42.21, 7 cal... 5.985+.000 —.008 5.94±.O2

Target, Mk. 
XVI.

33596 19.66±.15 ... ........ do.............. 5.99 + .005 5.94±.O2

Target, Mk. 
XVII.

37853 20.41±.15 ... ........ do.............. 5.985+.000 —.005 5.94±.O2

Target, Mk. 
XVII-1.

62674 20.40 + .15 ... ........ do.............. 5.985+.000 —.005 5.94±.O2

Common, Mk. 
XIX-1.

47707 22.75±.15 ... ........ do.............. 5.985+.000 —.005 5.94±0.2

Common, Mk. 
XX-1.

50418 22.85±.15 ... 45.50, 7.5 cal. 5.985+.000 —.005 5.94 ±.02

Common, Mk. 
XX-2.

53520 22.70±.15 ... ........ do................ 5.985+.000-.005 5.94±.O2

Common, Mk. 
XX-3.

56378 23.22 + .15 ... ........ do................ 5.985+.000 —.005 5.94 ±.02



141
Characteristics of projectiles- - Continued.

15

Gun mark.

8 9 10 11 12 13 14

Band to 
base.

Weight 
of explo­

sive.
Weight 

complete.
Weight 
of cap. Diameter. Band width. No.

1.0±.10 2.50 105±.5 4.87 6.12 + .005-.000 2.0±.01 6-2

1.0±.10 2.50 105 ±.5 *8.1 6.12±.005- .000 2.0±.01 6-2

1.0±.10 2.50 105 ±.5 *8.1 6.12 + .005-.000 2.0 + .01 6-2

1.0±.10 2.50 105 ±.5 *8.87 6.12 + .005-.000 2.0±.01 6-2

1.0±.10 2.50 105±.5 *9.7 6.12+.005-.000 2.0±.01 6-2

1.0 ±.5 2.50 105 ±.5 *9.48 6.12+ .005-.000 2.0±.01 6-1

1.0±.5 2.30 105 ±.5 6.12 + .005-.000 2.0 + .01 6-3

1.0 ±.5 0 105 ±.5 6.12 ±.005-.000 2.0±.01 6-5

1.0±.5 0 105 ±.5
...................

6.12+.005- .000 2.0±.01 6-1

1.0±.5 0 105 ±.6 6.12+.005 —.000 2.0±.01 6-1

1.0 ±.5 0 105 ±.5 6.12+.005-.000 2.0±.01 6-1

l.O±.5 0 105 ±.5 6.12 + .005-.000 2.0±.01 6-1

1.0 ±.5 0 1O5±.5 ................... 6.12 + .OO5 —.000 2.0±.01 6-2

1.0±.10 0 105 ±.5 6.12+.005-.000 2.0±.01 6-6

1.0 ±.05 0 105 ±.5 6.12 + .005-.000 2.0±.01 6-1

1.0 ±.05 6.75 105 ±.5 6.12 + .005-.000 2.0±.01 6-1

1.0 ±.05

1.0 ±.05

K ‘>5 6.12+ .005-.000 2.0±.01 6-2

6-1

l.O±.O5 6.25 105 ±.5 6.12+.005-.000 2.0±.01 6-1

6"/50,6"/53.

6"/50,6"/H3.

6"/50,G"/&3.

6"/50, Q"/53.

6'750, 6'753.

6"/50,6"/53.

6"/50,6"/53.

6"/50.6"/53.

6"/50, 6"/53.

6"/50,6"/53.

♦Includes weight of wind shield.

'50,6"/53.

6"/50,6"/53.

/50,6"/53.

6"/50, 6"/53.
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Characteristics of projectiles—Continued.

1 2 3 4 5 6 7

Size. Type mark.
Draw­

ing 
No.

Length. Ogive. Bourrelet. Diameter base.

6-lnch .. Common, Mk. 
XX-4.

57012 22.70±.15 .... 45.50, 7.5 cal. 5.985+.000-.005 5.94±.O2

Flat nose, Mk. 
XXI.

56179 21.59±.15 .... Flat nose......... 5.985+.000 —.005 5.94 ±.02

Flat nose, Mk. 
XXI-1.

60211 21.59±.15 .... ........ do................. 5.985+.000 —.005 ‘ 5.94±.O2

5-lnch.. A. P., Mk. VI... 26311 16.81±.15 .... 9.96, 2 cal........ 4.99+.000-.005 4.91

A. P., Mk. IX... 30681 16.85±.15 .... 35.175, 7 cal.. • 4.98±.O1 4.96±.O1

A. P., Mk. XIII. 24253 16.50±.15 .... 15.18, 3 cal.... 4.98±.O1 4.94±.O1

Target, Mk. X.. 35772 17.11±.15 .... 35.175, 7 cal.. 4.99+.005-.000 4.96±.O15

Target, Mk. X-l 35771 17.11±.15 .... ........ do................ 4.99+.005 —.000 4.96±.O15

Target, Mk. X-2 38705 17.11±.15 .... ........ do................ 4.985+.000-.005 4.96±.O15

Target, Mk. X-3 39971 17.11±.15 .... ........ do................ 4.985+.000 —.005 4.96±.O15

Target, Mk. X-4 40032 17.11±.15 .... ........ do................ 4.99+.005—.000 4.96±.O15

Target Mk. X-5. 41308 17.11±.15....... ........ do................ 4.985 + .000-.005

Target Mk. X-6.

Target Mk. X-7.

Target Mk. X-8.

Target Mk. X-9.

45868 17.11±.15.......

17.11±.15........

17.11±.15........

17.11±.15........

35.175, 7 cai..

........ do................

4.985

48525 4.985
54483
57343 4.985

70330 ........ do................. 4.985 +.000-.008

Target Mk. XVI 42834 17.11±.15....... 35.75, 7 cal... 4.985 +.000-.005

Target Mk. 
XVII-1.

57342 17.20+.15........ 9.97, 2 cal........ +.000-.005

Flat nose Mk. 
XIX.

55042 16.19±.15........ Flat nose.......... +.000 —.005

Flat nose Mk. 
XIX-1.

63009 16.19±.15........ ........ do................ 4.985 +.000-.008

Flat nose Mk. 
XX.

56550 16.19±.15........ ........ do................ 4.985 +.000-.005

Flat nose Mk. 
XX-1.

63010 16.19±.15........ ........ do................ 4.985 +.000—.008
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Characteristics of projectiles—Continued.

28015—24----- 11

8

Band to 
base.

9 10

Weight 
of cap.

12 >3 u

No.

15

Weight 
of explo­

sive.
Weight 

complete. Diameter. Band width. Gun mark.

1.0±.05 6.25 105±.5 6.12+.005-.000 2.0 ±.01 6-1A 6"/50,6"/53.

1.0 ±.05 14.80 105 ±.5 6.12 ±.003 2.0 ±.02 6-1 6"/50,6"/53.

1.0±.05 14.80 105 ±.5 6.12 ±.003 2.0 ±.02 6-1 6"/50,6"/53.

1.50±.05 60 6.25 5.12 ±.008 1.15±.01 5-9B 5"/50.

1.50±.05 1.6 60 5.12 ±.005 1.35±.O1 5-4 5"/50.

1.5O±.O5 60 4.50 5.083 + .005- .000 1.15±.O1 5-8 5"/40.

.65 ±.05 ° 50±.3
...................

5.12+.005-.000 1.67±.01 5 3 5"/50, 5"/51

,65±.O5 0 60 ±.3 5.12+.005-.000 1.67±.01 5-3 5"/50, 5"/51

.65 ±.05 0 50 ±.3 5.12+.005-.000 1.67±.01 5-2 5"/50, 5"/51

.65 ±.05 0 60 ±.3 5.12±.005-.000 1.67 ±.01 5 2 5"/50, 5'751

0 50±.3 5.12+.005-.000 1.67±.01 5-3 5"/50, 5"/51

.65 ±.05 0 0 4.50 5.12+.005-.000 1.67±.01 5-2 5'751

.65 ±.05 0 0 4.50 5.12+.005-.000 1.67±.01 5 1 5"/51

.65 ±.05 1.0 ±.05 0 50 ±.4 5.12+.005-.000 1.67 ±.04 5 1 5"/51

.65 ±.05 1.0±.05 0 50 ±.3 5.12 + .005-.000 1.67±.01 5 1 5"/51

.65±.O5 1.0±.05 0 50 ±.3 5.12 + .005-.000 1.67±.O1 5 1 5"/51

.65 ±.05 .65 ±.05 0 50 ±.3 5.12+.005 .000 1.67±.O1 5 1 5"/51

4.96±.O1 1.5 ±.035 0 60 ±.5 5.12+.OO5- .000 1.15±.O1 5 9 5"/51

4.94 ±.01 .65 ±.05 5.12+ .005-.000 1.67±.O1 5-1 5"/51

4.94 ±.01 .65 ±.05 8.32 50 ±.5 5.12+ .005-.000 1.67 ±.01 5-1 5"/51

4.973 ±.003 2.43±.O25 5.08 ±.005 .000 1.15±.01 5 6 5"/40

4.973±.OO3 2.43±.O25 8.32 50 ±.3 5.08+.005-.000 1.15±.01 5-6 5"/40



(1haracteri,sties of projectiles—Continued.

1 2 3 4 5 6 7

Size. Type mark.
Draw­

ing 
No.

Length. Ogive. Bourrelet. Diameter base.

5-lnch. . Common ribbed 
cavity.

34046 15.5 + .15.......... 10.06, 2 cal.... 4.99+.000 —.005

Common, Mk. 
13.

54240 14.72 + .15....... 9.92, 2 cal........ 4.96+ .01 4.973 + .003

Common, Mk.
1-4.

58463 14.72±.15....... ........ do................ 4.96 + .01 4.973zE.OO3

Common, Mk. 
VII.

28048 17.35 + .15....... 10.50, 2 cal.... 4.98zE.Ol 4.96 + .01

Common, Mk. 
XII.

20498 17.34±.15....... 9.92, 2 cal........ 4.96 zE .01 4.91

Common, Mk. 
XIV.

33668 17.11±.15....... 35.175, 7 cal.. 4.99+ .05 4.96 + .015

Common, Mk. 
XV-1.

35415 17.O + .15.......... ........ do................ 4.99 ±.05 4.96 ±.015

Common, Mk. 
XV 2.

39190 17.O + .15.......... ........do................ 4.985 + .000 —.005 4.96 + .015

Common, Mk. 
XV-3.

39565 17.OzE.15.......... ........ do................ 4.985+ .000-.005 4.96 + .015

Common, Mk. 
XV-4.

39566 17.OzE.15.......... ........ do................ 4.985+.000 —.005 4.96 ±.015

Common, Mk. 
XV-6.

41325 17.O±.15.......... ........do................ 4.985+ .000-.005 4.96 ±.015

Common, Mk. 
XV-7.

41349 17.OzE.15.......... ........ do................ 4.985+.000-.005 4.96 ±.015

Common, Mk. 
xv-s.

41350 17.OzE.15.......... ........do................ 4.985+ .000-.005 4.94 ±.05

Common, Mk. 
XV-9.

41387 17.OzE.15.......... ........do................ 4.985 + .000 —.005 4.94 ±.05

Common, Mk.
XV-1O. .

39565 17.OzE.15.......... ........ do................ 4.985 + .000 —.005 4.96 ±.015

Common, Mk.
XV-11.

46931 17.OzE.15.......... ........do................ 4.985 + .000 —.005 4.94 i .05

Common, Mk. 
XV 12.

46962 17.O±.15........ .........do................ 4.985+.000-:005 4.94 + .05
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Characteristics of projectiles—Continued.

8 „ I 10 11 12 13 14 15

Band to 
base.

Weight 
of explo­

sive.
Weight 

complete.
Weight 
of cap. Diameter. Band width. No. Gun mark.

4.96 ±.01 1.3

...................

.......................
1 1

................... 5.12 ±.008 6.25 ±.01 5 10 5'750, 5'751

5'7402.43 ±.025 5.08+.005-.000 1.15±.O1 5-6

2 43+ 025 5.08+ .005-.000

5.12 ±.008

1.15±.01

1.15±.01

5-6

5 9 A

5"/40

5"/50, 5"/512.34 ±.035 2.6 60±.50 ...................

1.50 ±.035 2.6 60 _________ 5.12 ±.008 1.15±.01 5-9 5'750, 5"/51

5"/50, 5"/51.65 ±.05 1.73 50.40 ±.60 5.12 + .OO5-.OOO 1.67 ±.01 5-3

.65±.05 1.73 50.0 ±.30 ................... 5.12+.005-.000 1.67±.O1 5-3 5"/50, 5"/51

.65±.05 50.0 ±;30 ................... 5.12+.OO5-.OOO 1.67 + .O1 5-2 5"/50, 5''/51

.65 ±.05 1.70 50.0 ±.50 ................... 5,12+.005—.000 1.67 ±.01 5 2 5"/5O, 5"/51

.65 ±.05 1.73 50.0 ±.30 ................... 5.12+ .005-.000 1.67 + .O1 5 2 5"/50, 5"/51

.65 ±.05 1.73 | 50.0±.30 ................... 5.12+ .005-.000 1.67±.O1 5 2 5"/50, 5"/51

.65 ±.05 1.73 | 5O.O±.3O j................... 5.12+.OO5-.OOO 1.67 ±.01 5-2 5" 50, 5"/51
•

.65 ±.05 1.70 1 50.0 ±.30
I
................... 5.12+.OO5-.OOO 1.67 ±.01 5-1 5”/50, 5"/51

.63 ±.05 1.70
1

50.0±.30 ................... 5.12+ .005-.000 1.67 ±.01 5-1 5"/5O, 5"/51

.65 ±.05 1.70 50.0 ±.50 ................... 5.12+.005-.000 1.67±.01 5-2 5"/5O, 5"/51

.65 ±.05 1.70
1

5O.O±.3O ................... 5.12+ .005-.000 1.67 ±.01 5 1 5"/5O, 5"/51

.65±.05 1.70 | 50.0±.30 (................... 5.12+.005-.000 1.67±.O1 5-1 5"/50, 5"/51
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Characteristics of projectiles—Continued.

1 2 8 4 5 6 7

Size. Type mark.

-
Draw­

ing 
No.

Length. Ogive. Bourrelet. Diameter base.

5-lnch. . Common, Mk. 
XV-13.

48651 17.O±.15.......... 35.175, 7 cal.. 4.985-J-.000-.005 4.94 +.05

Common, Mk. 
XV-14.

53175 17.0±.15.......... ........ do................ 4.985+.000-.005 4.94 ±.05

Common, Mk. 
XV-15.

54905 17.0±.15........ .........do................ 4.985 + .000 —.005 4.94 ±.05

Common, Mk. 
XV-16.

56384 17.O±.15.......... ........ do................ 4.985+.000 —.005 4.94 ±.05

59431 17.57.................. 9.9, 2 cal.......... 4.95 + .01 4.94 ±.05
XXI-1.

Illuminating, 
Mk. XXII-1.

64925 17.57-J-.O8 .... 4.985+.000 —.008 4.95 ±.01
-.06

Illuminating, 
Mk. XXII-2.

74073 17.57-J-.08 .. - - 4.985+ .000-.008 4.95 ±.01
-.06

4-inch.. Forged steel.... 34047 14.15±.15....... 7.92, 2 cal........ 3.96 + .01 3.96±.003

Common, Mk.
III-2.

54241 13.95±.15....... 7.92, 2 cal........ 3.96 + .01 3.96 ±.003

Common, Mk. 
Ill-3.

58455 13.89±.15....... ........ do................ 3.96+ .01 3.96±.003

Common, Mk. 
VI.

55378 15.80-J-.10 28.0, 7 cal........ 3.985+.000-.008 3.96±.003

Common, Mk. 
VI-1.

41370 15.65-J-.10 
-.05

........do................ 3.985 + .000-.005 3.96±.003

Common, Mk. 
VI-2.

418011 16.0 + .05
-.10

........do................ 3.985+.000-.005 3.96 ±.003

Common, Mk. 
VI-3.

1 49766 16.0-J-.05
-.10

........do................ 3.985 + .000 —.005 3.96±.003

Common, Mk. 
VI-4.

50644 15.65-J-.10
-.05

........ do................ 3.985 + .000 —.005 3.96 ±.003

Common, Mk. 
Vl-5.

53499 15.65 + .10
-.05

........ do................ 3.985 + .000-.008 3.96 ±.003

Common, Mk. 
VI-6.

1

56001

1

15.80 + .10
— .05

... .rdo............. 3.985 + .000-.008 3.96±.003
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Characteristics of projectiles—Continued.

8 9 10 11 12 13 14 15

Band to 
base.

Weight 
of explo­

sive.
Weight 

complete.
Weight 
of cap. Diameter. Band width. No. Gun mark.

j__________

.65 ±.05 1.70 5O.O±.3O ........ .... 5.12 ±.005-.000 1.67±.01 5-1 5"/50, 5"/51

.65 ±.05 1.70 50.0±.30 ........ .... 5.12 + .005 —.000 1.67±.O1 5-1 5"/50, 5"/51

.65 ±.05 1.70 50.0±.30 ........ .... 5.12+ .005-.000 1.67±.01 5-1 5"/50, 5"/51

.65 ±.05 1.70 50.0±.30 ........ .... 5.12 + .OO5 —.000 , 1.67 + .01 5-1 5"/50, 5"/51

.65 ±.05 1.18 50±.5 ........ .... 5.12+ .005-.000 1.67±.O1 5-1 5'750, 5"/51

1.03±.095 .
-.015

50±.5 ........ .... 5.12 + .005 —.000 1.67±.O1 5-1 5"/50, 5'751

1.03 + .10 • . 50 ±.5 ........ .... 5.12+.005-.000 1.67±.O1 5-1 5"/50, 5"/51
-.02 1

2.9O±.O25 . 4.07 ±.008 1.02 ±.01

1.02 ±.01

4-3

4-5

4"/40

4'740.2.90 ±.015 . 33±.30 ........ .... 4.07 + .005 —.000 i

2.90 ±.015 4 07± 005 OOO 1.02 ±.01

1.02 ±.01

4-5

4-1

4"/40.

4"/50, Mk. 
VII and 
VIII.

2.90 ±.015 1.39 33±.50 ........ .... 4.08+ .003-.000

2.90 ±.015 1.10 33±.50 ........ .... 4.O7+.OO5-.OOO 1.02±.01 4-9 Do.

2.90 ±.015 1.10 33±.50 ......... .... 4.0 7+ .005-.000 1.02±.01 4-9 Do.

2.90 ±.015 1.10 33±.50 ........ .... 4.08+.003-.000 1.02 ±.01 4-2 Do.

2.90±.015 1.10 33±.50 ........ .... 4.08+ .003-.000 1.02 ±.01 4-8 Do.

2.90 ±.015 4.08 + .003 .000 1.02 ±.01

1.02±.01

4 2 Do.

2.90±.015 4.12+.003 .000 4 1 4"/5O, Mk. 
IX, .05 
rifling.
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(characteristics of projectiles—Continued.

1 2 3 4 5 6 7

Size. Type mark.
Draw­

ing 
No.

Length. Ogive. Bourrelet. Diameter base.

4-lnch. . Common, 
VI-7.

Mk. 56002 15.80H-.10
— .05

28.0, 7 cal.... 3.985 + .000 —.008 3.96 ±.003

Common, 
X.

Mk. 56569 15.69±.1O....... ........ do..............
I 3.985+.000-.008

3.96 ±.003

Common, 
X-l.

Mk. 56788 15.80 ±.10....... ........ do.............. 3.985+.000-.008 3.96 ±.003

Common, 
X-2.

Mk. 50488 15.8O±.1O....... ........do.............. 3.985+.000-.008 3.96 ±.003

Common, 
X-3.

Mk. 70746 15.69±.1O....... ........ do.............. 3.985+.000 —.008 3.96 ±.003

A. I»., Mk. IV... 24605 14.04±.05....... 7.92, 2 cal.... 3.98±.O1 3.96±.003

Target, Mk. V... 45848 13.89±.15....... 7.98, 2 cal.... 3.985+.000—.005 3.96±.O1

Target, Mk . V-2. 50390 14.08±.15.... ........ do.............. 3.985+.000 —.005 3.96±.003

Target, 
VII-1.

Mk. 50389 15.84±.1O
-.05

28.0, 7 cal.... 3.985+.000 —.005 3.96±.003

Illu m., M k. 64366 16.62 ±.0625.. 3.985+.000-.008 3.96±.003
1X2.

3-inch. . Com mon, 
III 2.

Mk. 30845 9.965±.15........ 5.96, 2 cal.... 2.98 + .00 —.01 2.98±.003

Common, 
III-3.

Mk. 35092 9.965 ±.15....... 5.98, 2 cal.... 2.99 ±.005 2.98 ±.003

Common, 
III-5.

Mk. 53352 9.965±.l5....... ........ do.............. 2.985+.000 —.005 2.98±.003

Common, 
III-6.

Mk. 54758 9.965 ±.15....... ........ do.............. 2.985+.000-.005 2.98±.003

Common, 
III-7.

Mk. 54759 1O.O35±.O8
-.22

........ do.............. 2.9 7 ±.005 2.97 ±.003

Common, 
IV.

Mk. 27674 10.50±.15....... 7.0, 2.3 cal.... 2.99±.005 2.98±.003

Common, 
XII.

Mk. 21513 10.90+.05
-.15

........ do.............. 2.99±.005 2.98±.003
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Characteristics of projectiles- Continued.

10

Band to 
base.

Weight 
of explo­

sive.
Weight Weight 

complete, of cap.

2.90±.015

2.60±.015

2.60±.015

2.75±.015

2.75±.015

2.90±.05

2.9O±.O25

2.90±.015

2.65±.O25

2.35±.025

0

0

.28

.28

.28

33±.50 ...

33 ±.50

33 ±.5

33±.125

33 ±.025

33 ±.5

33 ±.5

13±.125

13 ±.125

13±.i:

13 ±.25

13 ±.25

11 12
1

13 14 15

Diameter. Band width. No. (inn mark.

4.08 ±.003-.000 1.02±.01 4 1 4"/50, Mk.
VII and 
VIII.

4.12 ±.005-.000 1.33±.01 4-4 4"/50, Mk. 
IX, .05 
rifling.

4.12±.005 — .000 1.33 ±.01 4 4 Do.

4.12±.005-.000 1.18±.01 4 7 Do.

4.12 ±.005-.000 1.18±.O1 4 7 Do.

4.0 7 ±.005-.000 1.02±.01 4 6 4" 40.

4.07 ±.008 1.02±.01 4 11 4"/40.

4.07±.005-.000 1.02±.01 4 3 X" 40.

4.08±.005-.000 1.02±.01 4 10 4z,/50, Mk.
VIII.

4.08±.005-.000 1.02 ±.01 4 1 4zz/50.

3.07 ±.008 .70±.01 3 10 Rifling, .03 
deep.

3.07 ±.008 .70±.01 3 10 Do.

3.O7±.OO8 .70 ±.01 3-5 Do.

3.028 ±.002 .7O±.OO8 3 7 Rifling,.012 
deep.

3.044±.000 —.004 .70 ±.008 3-13 Rifling, .02 
deep.

3.07 ±.008 .70 ±.008 3 12. Rifling, .03 
deep.

3.07 ±.008 .70 ±.008 3-9 Do.
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Characteristics of projectiles—Continued.

1

3-inch.

Size.

2 3
1

4 5 6 7

Type mark.
Draw­

ing 
No.

Length. Ogive. Bourrelet. Diameter base.

Common, Mk. 
XH-1.

21236 10.90+.05 7.0, 2.3 cal....
— .15

2.99 ±.005 2.98±.003

Common, cast 
iron.

21237 1O.22±.O5........ 4.892, 1.6 cal.. 2.99 ±.005 2.988 ±.04

Target, M k.
III-8.

58481 9.965±.15....... 5.98, 2 cal........ 2.985+.000-.010 2.98±.OO3

Target, Mk. VI.. 45847 9.965 ±.15.......... .. .<lo............... 2.9854-.000-.005 2.98+.00-.01

T a r g e t, M k. 
VI-1.

38925 9.965 ±.15.......... ...<lo............... 2.985 ±.000-.005 .2.98 ±.003

Target, M k. 
VI2.

50442 9.965±.15....... .. ...<lo............... 2.985+.000- .005 2.98±.OO3

Target, M k. 
VI.?.

50442 9.965±.15.......... ...do............... 2.985+.000-.005 2.98 + .003

Target, M k. 
VI-4.

55023 9.965 ±.15.......... ...do............. 2.985 + .000- .005 2.98 ±.003

Shrapnel, Mk.
1-1.

15758 9.70.................... .. 2.97 2.97

Shrapnel, Mk. 
VI.

23235 10.445 ±.05 2.98±.01 2.98 ±.003

Shrapnel, Mk. 
VII.

47293 9.65 2.99+.000 —.005 2.97

Shrapnel, Mk. 
VIII.

47512 9.665±.O1....... .. 2.97+.000 —.005 2.97±.003

Shrapnel, Mk. 
VIII-1.

50104 9.665 ±.01....... .. 2.97+.000-.005 2.97 + .003

Shrapnel, Mk. 
VIII 2.

53718 9.665±.O3 .. . . 2.97+.000 —.005 2.9 7 ±.003

Shrapnel, Mk. 
VIII-2.

53232 9.665±.O1.......... 2.97+.000 —.005 2.97 ±.003

Shrapnel, Mk. 
IX.

50223 9.915±.O1.......... 2.98±.OO5 2.98 ±.003

Shrapnel, Mk. 
IX 1.

53719 9.015 4-.045 2.98 ±.005 2.98±.003
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Characteristics of projectiles—Continued.

. 8 9
!

10 11 12 13 14 15

Band to 
base.

Weight 
of explo­

sive.
Weight 

complete.
Weight 
of cap. Diameter. Band width. No. Gun mark.

2.73 ±.025 13 ±.25 3.044 ±.008 • 7O±.OO8 3-4 Rifling, 
deep.

.02

2.0±.015 13 3.044 .75 3-16 Do.

1.80±.025 13±.125 3.07 ±.008 70±.01 .3-8 Rifling, 
deep.

.03

1.80 ±.025 13±.125 3.07 ±.008 70 ±.01 3-10 Do.

1.8O±.O25 13 ±.125 3.07 ±.008 70±.01 3-10 Do.

1.8O±.O25 13 ±.125 3.07 ±.008 70 ±.01 3-5 Do.

1.8O±.O25 13 ±.125 3.07 ±.008 70±.01 3 5 Do.

1.80±.025
13±.125 1

-.187
3.07 ±.008 70±.01 3-10 Do.

1.35 .187 3.044 ±.004 .70 3 15 Rifling, 
deep.

.02

2.275 ±.025 13 ±.25 3.044 ±.004 .70±.0i 3 9 Do.

1.35 .093 13 ±.13 3.044+ .000-.003 .70±.01 3-6 Do.

1.35±.O1 .125 13±.13 3.044 + .000-.004 .60±.01 3-1 Do.

1.35±.01 13±.125 3.044 + .000-.004 .60 ±.01 3 1 Do.

1.35 ±.02 13±.125 | | 3.044+.000-.004 .60 ±.01 3-3 Do.

1.35±.01 .125 13±.125 j 3.044+.000-.004 .60±.01 3-1 Do.

1.35 13±.125 3.07 ±.008 .70±.01 3-5 Rifling, 
deep.

.03

1.35 025 13±.125 3.07 ±.008 ,70±.01 3-5 Do.
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Characteristics of projectiles—Continued.

Size.

2

Type mark.

3

Draw­
ing 
No.

4

Length.

5 6

Bourrelet.

7

Diameter base.Ogive.

J-inch .. Cl.B.,Mk. XIV 1 53356 10.54 ■2 97± 005

Flat nose, Mk. 55377 10.09 ±.05....... Flat nose........ 2.985±.000 —.005 2.98 ±.003
XV.

Fiat nose, Mk. 55376 10.09 ±.05....... ........do................. 2.97 ±.005 2.97 ±.003
XV 1.

Flat nose, Mk. 55377 10.09 ±.05....... ........ do................ 2.985±.000- .005 2.98 ±.003
XV 2.

Cl. B.,Mk. XVI.. 5615)8 9.915±.O15... 2.98 ±.005 2.9 8 ±.003

Cl.B.,Mk. XVI 1 58522 9.915 ±.00 2.98 ±.005 2.98 ±.003
-.15

Cl. B., Mk. 60289 9.915+.00 2.97 ±.005 2.97±.OO3
XVII-1. — .15

Cl.B.,Mk.XX 1 . 9.915+.00 2.98 ±.005 2.97 ±.003
37128 -.15

111 u in Mk. 64365 11.14±.O2........ 2.98±.005 2.98 ±.003
. XVIII 1.

I 1 1 u ni ., Mk. 70062 11.14±.O2....... 2.98±.005 2 .9 7 ±.000-.003
XVIII 2.

I 1 1 u in ., Mk. 74068 11.14 ±.02....... 2.98 ±.005 2.98 ±.003
XVIII 3.

11 1 u ni ., Mk. 74069 11.14±.O2....... 2.98±.005 2 9 7 ±.000-.003
XVIII 4.

Common, Mk. 66175 12.20 ±.05....... Cup nosed.... 2.239±.OOO —.008 2.209 ±.003
Ill 1.

66175 12.2O±.O5....... ........ do................. 2.239±.OOO —.008 2.209 ±.003
IV 1.

Target, Mk. 40034 8.27±.O5.......... 5.512, 2.5 cai.. 2.239±.000 —.008 2.224±.000
III-l. -.006

Common, Mk. 54901 8.45 ±.05.......... 5.0, 2.2 cai. .. 2.239±.000 —.008 2.224±.000
III-3. -.006

Common, Mk. 64922 8.45±.O5.......... 5.6, 2.5 cal.... 2.239±.000 —.008 2.224±.000
III-4. -.006
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Characteristics of projectiles—Continued.

8 9 10 11 . 13 14 15

Baud to 
base.

Weight 
of explo­

sive.
Weight 

complete.
Weight 
of cap.

!

Diameter. Band width. No. Gun mark.

2.2±.O1 3.044 + .000-.004 •60±.01 3-1 Rifling, .02 
deep.

1.8 ±.025 1.23 13±.125 3.07 ±.008 70±.01 3-17 Rifling, .03 
deep.

1.8 ±.025 1.05 13±.125 .70±.01 3 15 Rifling, .02 
deep.

1.8 ±.025 1.24 ................... 3.028 ±.002 .70±.01 3-11 Rifling,.012 
deep.

1.35 4- .025 3.07 ±.008 .70±.01 3 5 Rifling, .03 
deep.

1.35+ .000
-.025

.75 12.6±.125 ................... 3.07+.008-.000 .70±.01 3-5 Do.

1.35+ .000 12.414 ................... 3.044+.000-.004
1

.60 ±.01 3-2 Rifling, .02 
deep.-.025 ±.125

1.35+ .000
-.025

.75 12.6±.125 .70±.01 3-14 Do.

1.8 ±.025 13±.125 ................... 3.07 ±.008 .70±.01 3-5 Rifling, .03 
deep.

1.8 ±.025 13±.125 |...................
|

3.044 + .000-.004 j .70±.01 3-14 Rifling, .02 
deep.

1.8 ±.025 13.025 ,............... 3.07 ±.008 .70±.01 3-5 Rifling, .03 
deep.±.125

---

1.8 ±.025 13.625 .70±.01 3-14 Rifling, .02 
deep.± .125

1.393 ±.03 8.20±.10

8.9O±.1O

2.263 ±.002

2.263 ±.002

2.921 ±.004

.887 ±.008

.787±.OO8

9 Pdr. 1

1.393 ±.03

...................

■................... 9 Pdr. 1 Do.

1.493±.O15 0 6±.071 .787±.OO8 6 Prd. 2 Rifling,.022 
deep.

1.493±.015 .24 6±.O71 2.921 ±.004 | .787±.OO8 6 Pdr. 4 Do.

1.493±.015 .24 6±.071 2.921 ±.004 .787±.OO8 6 Pdr. 4 Do.



Characteristics of projectiles—Continued.

3-inch..

Size.

2

Type mark.

3

Draw­
ing 
No.

4

Length.

5

Ogive.

6

Bourrelet. Diameter base.

Common, Mk.
IV

34044 8.75+.05 —.04 5.5, 2.5 cal.... 2.239+.000 —.005 2.224 ±.002

Common, Mk. 
V3.

34045 8.28+.00 —.10 ........ do................. 2.237+.000 —.006 2.224-I-.000
-.006

Steel....................... 10911 6.681 ±.05....... 4.212, 2.3 cal.. 1.845+.000 —.008 1.835+.000 
-.008

Common, Mk.in.. 34043 6.9214 .000 
-.100

....... do................. 1.84+.000 —.008 1.835+.000 
-.008

Common, Mk. 
IV-1.

54902 6.799±.O5........ 4.612, 2.5 cal.. 1.845+.000 —.008 1.835+.000 
-.008

Common, Mk.Il 35272 3.66+.000 
-.04

3.251, 2.3 cal.. 1.445+.000 —.008 1.441 ±.000
-.008

Common, Mk. 
III.

54875 3.56±.O4.......... .......do................. 1.445 4-.000 —.005 1.441 ±.000
-.008

Common, Mk. 
IV.

34041 3.89+.00-.10 .......do................ 1.445 + .000-.008 1.441+ .000
-.008

Target Mk. V... 45846 4.30 ±.04.......... ....... do................ 1.445+.000 —.005 1.441+.000
-.008

Target, Mk. V... 48436 4.30±.04.......... ....... do................ 1.445+.000— .005 1.441+.000
-.008

Target, Mk.
V-l.

48668 4.30±.04.......... .......do................ 1.445 4-.000 —.005 1.441+.000
-.008

Target, Mk.
V-2.

62649 4.90±.04.......... ....... do................ 1.445+.000 —.005 1.441 + .000
-.008

Target, Mk.
VIII.

54675 3.66 ±.04.......... .......do................ 1.445±.000-.005 1.441+.000
-.008

Cl. B.,Mk. VI... 53675 4.90±.04.......... .......do................ 1.445+.000 —.005 1.44W000
-.008

Day tracer, Mk. 
VII.

50946 4.90±.04.......... ....... do................ 1.445+.000 —.005 1.441+.000
-.008
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Characteristics of projectiles— -Continued.

8 9 10 1 11 12 . 13 14 15

Band to 
base.

Weight 
of explo­

sive.
. Weight 
complete.

Weight 
of cap. Diameter. Band width. No. Gun mark.

1.743±.O15 .24 6±.071 2.921 ±.004 .787±.OO8 6 Pdr. 1 Rifling,.022 
deep.

1.493±.O15 .23 6±.071 2.921 ±.004 .787±.OO8 6 Pdr. 3 Do.

1.185±.O15 3.3 ±.043 1.89±.OO4 .767 + .OO8 3 Pdr. 3 All 3 Pdr.

1.425±.O15 .143 3.3±.O43 1.89±.004 .787 + .OO8 3 Pdr. 1 Do.

1.185±.O15 .13 3.3±.O43 1.898±.004 .787 + .008 3 Pdr. 2 Do.

.829±.O15 .026 1.057
±.021

1.488+.000 —.004 .731±.008 1 Pdr. 1 All 1 Pdr.

.829 ±.01 .026 1.057 1.488±.003 .731±.01 1 Pdr. 1 Do.
±.021

1.059 ±.015 .026 1.057 
±.021

1.488 + .000 —.004 .731±.OO8 1 Pdr. 1 Do.

.60±.01 1.057 1.488 ±.003 .731+.01 1 Pdr. 2 Do.
±.021

.60±.01 1.057 1.488 ±.003 .731 ±.01 1 Pdr. 2 Do.
±.021

,60±.01 1.057 1.488 ±.003 .731±.O1 1 Pdr. 2 Do.
±.021

.60±.01 1.057 1.488 ±.003 .731±.O1 1 Pdr. 2 Do.
±.021

.829 ±.01 1.057 1.488 ±.003 .731±.01 1 Pdr. 2 Do.
.021

2.17±.O1 1.1464 1.488 ±.003 .731±.01 1 Pdr. 2 Do.
+ .000
-.025

1.1464 1.488 ±.003 .731±.01 1 Pdr. 2 Do.
±.023
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The drawing numbers listed in the above table are the numbers assigned by 

the Bureau of Ordnance to the manufacturing drawings.
Manufacturing drawings are based upon requisition drawings prepared by the 

Bureau of Ordnance. A requisition drawing shows such information as is common 
to all projectiles of a certain mark. This information generally includes the con­
tour, or outside form of the projectile, the weight, the minimum volume of the 
cavity, the design, location and material of the rotating band, the dimensions of 
the base plug and fuse holes and tolerances to be allowed on the dimensions and 
weights of the projectiles.

A manufacturing drawing is prepared in accordance with the standard practice 
of the drafting room of the Bureau of Ordnance by the manufacturer as outlined in 
the instructions contained in Ordnance Pamphlet No. 599 (Ordnance Drafting 
Room Regulations) and shows all the detail dimensions of the projectile, together 
with the number and date of contract to which the drawing is to apply, the number 
of projectiles in each lot, and the number of the lot with which deliveries are to 
begin. After a manufacturing drawing has been approved by the bureau, a draw­
ing number and a modification number are assigned. The title of the manufacturing 
drawing shows the caliber, type of projectile, and mark given in the title of the 
requisition drawing. The modification number does not in general indicate that 
there has been a departure from the requisition drawing, but it serves to identify 
the projectiles made in accordance with different manufacturing drawings; thus, 
a certain caliber Mark X modification 1 projectile indicates that the projectiles 
have been made in accordance with one manufacturing drawing, the Mark X modi­
fication 2 in accordance with another manufacturing drawing, and so on.

Should the design be changed by either the bureau or the manufacturer, the 
manufacturing drawing is revised by the manufacturer in accordance with, the 
standard practice of the drafting room of the Bureau of Ordnance. Should the 
change be slight, the bureau may assign a new modification number in order to 
identify the projectiles in which the change has been incorporated, but if the change 
is radical, the bureau may assign a new mark and modification number. In case 
of any change whatsoever in the design of the projectiles, the manufacturer must 
submit the revised drawing or the new drawing, if one is made for approval, which 
must show the date and reference number of the bureau’s letter authorizing or 
directing the change and the lot numbers to which the change will apply. In case 
a new drawing is submitted, the number of the drawing to be susperseded must be 
shown in the new drawing.



Chapter XI.

CARTRIDGE CASES AND CASE AMMUNITION.

1. In the design and preparation of ammunition for service use, consideration 
must be given to the ease, facility, and rapidity of loading, the safety of the per­
sonnel, and the cost of manufacture and preparation. When the whole charge, 
including the projectile and primer, can be loaded in one operation, greater rapidity 
of fire is possible than when loading the projectile and powder separately. When the 
powder is protected, as in a cartridge case, the danger from flarebacks is greatly 
reduced. However, as the cartridge case contains the powder charge and primer, 
additional care must be exercised in handling, for if a sharp edge strike the primer 
it will explode, and thus ignite the charge.

2. The ammunition for the smaller guns is made up with the powder and primer r ‘r 1 *’ s e 
put up in brass cartridge cases, which are hollow cylinders with flat heads, shaped
to fit the bore, those for certain new guns being bottle necked. For ease in load­
ing, the limit for modern, high-powered guns is placed at the 4'750- Above this 
it is necessary to split up the charge, so as to load the powder and projectile sepa­
rately, with certain exceptions to be mentioned later. Besides affording a con­
venient method of loading, the cartridge case performs the very important function 
of preventing the escape of gases through the breech. The cartridge case is a 
fairly snug fit in the chamber and on expansion, due to firing, makes a gas seal. 
Some military forces, notably the German Navy, utilize this method of gas checking 
in practically all guns, but in our naval service, due to difficulties in handling large 
cases, especially in disposing of the empties, another system is used. The cartridge 
case in the larger caliber guns is eliminated and the powder is put up in silk bags. 
The gas checking is obtained by the mushroom and pads on the breech plug, and 
the primer is fired by a lock fixed in the breech plug. Were cartridge cases used 
in all sizes of guns, with very large charges it would be necessary to put up part of 
the charge in a case and part in silk bags or thin brass cylinders, as was done in the 
German Navy, but this complicates the loading. With case guns, gas ejector sys­
tems are not necessary, but they are absolutely necessary with bag guns.

3. Cartridge cases are manufactured by drawing out blanks of special cartridge „f',’.aseU/act “ r e
case metal. The general features of the manufacture of the different types are the ’
same except for those used in the Davis gun. The metal is cast in slabs of a com­
position approximately 70 per cent copper and 30 per cent zinc. It is scraped, 
annealed, and rolled out to the proper thickness and disks are stamped out to form 
the blanks, the disks being made of a sufficient diameter to allow for drawing the 
material out into the finished case. The first operation (Fig. 33) is performed in a

(157)
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press with a suitable die to form the cup. Successive drawing operations are then 
carried on and the cup gradually assumes the general form of a cartridge case. 
The number of drawing operations depends on the size of the case being made. 
After each two draws, as a general rule, the strains in the metal are relieved by 
annealing. When the blank has been drawn out to the proper length, the open 
end is trimmed off and the head is then formed in one operation by the action of 
suitable dies in a press. When finishing off, to give the bottle-neck effect, three 
additional drawing operations are required with a change of dies. The case is 
then finish machined, the primer hole drilled and tapped out, if for a screw primer,

BLANK. CUPNO.l. CUP NO. 2.

Fig. 33.—Operations for making 4-inch 50 Caliber Cartridge Cases.

and finally the case is carefully gauged, special attention being paid to its fit in a 
standard chamber gauge and to the centering of the primer hole.

4. Cartridge cases are reloadable and consequently must be given considerable 
care so that when returned to an ammunition depot they may be prepared for 
reissue. They must be kept free from salt, moisture, oil, and grease at all times, 
whether empty or loaded. They should be placed standing on the heads when 
empty and not on their sides. After firing they should be deprimed, washed thor­
oughly with hot water and soapsuds, and repacked carefully in the cartridge boxes 
or tanks in which issued. On receipt at an ammunition depot they are cleaned, 
reformed, gauged, inspected, primed, and are then ready for loading for reissue. 
(See ch. 1, pars. 10 and 12.) .
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5. The following list shows the various cartridge cases to be found in service:

No. Plate No. Caliber. Use.
| Bureau of 

Ordnance 
drawing

; No.

VIII 1-Pdr..................................................

..............................d°...................................................

IX 3-Pdr....................................................

..............................do.......................................... ,

X 6-Pdr...................................................

..............................do...................................................  

..............................do...................................................

Saluting................................................ 57973

Service.................................................... 13095

Saluting................................................ 38642

Service.................................................... 13096

Saluting................................................ 38642

Service..................................................................... *....

Nonrecoii.............................................. 54857

8

I

10

11

12

do.

do.

Saluting.

Service.

Service.

Service (nonrecoii)

57875

57875

15515

9

3-Inch do.

14 XIV 3'750 . Saluting. 45498

15

16 XV

17

18

19

20

do.

4"/50

6"/40-45

Service.

do

do

do.

do.

do

6. Caution.—In loading case guns, care should be exercised that the point care in han- 
of a projectile held by one loader will not accidentally strike the ptimer in the base ‘ 
of the cartridge in the hands of another loader. Projectiles shoulo’ not be loosened 
in a case, as on loading they may slip out and jam.

This is especially liable to happen with some semiautomatic guns, where the 
rotating band is held by the rifling and the case rebounds and is jammed by the 
ascending plug, usually distorting the case.

28015—24------ 12
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7. Plate 8 shows the assembly of 1-pounder ammunition. Figure 1 is the 

saluting ammunition; Figure 2 is the assembly with service projectile, either nose 
or base fused; and Figure 3 shows the assembly of day tracer ammunition for 
antiaircraft guns.

Plate 9 shows the assembly of 3-pounder ammunition, Figure 1 the saluting 
and Figure 3 the service charges. Target practice ammunition is the same except 
for the loading of the projectiles, Figure 3.

Plate 10 shows the assembly of 6-pounder saluting and service ammunition. 
Target ammunition is the same except for the loading of the projectiles.

Plate 11 shows the assembly of 3"/23 F. G. ammunition.
Plate 12 shows the assembly of 3"/23 L. V. ammunition for the 3"/23 guns 

in use for submarine and antiaircraft work. For antiaircraft use, these cartridges 
are crimped and assembled without wads and distance pieces.

Plate 13 shows the assembly of Davis gun ammunition, 6-pounder, 9-pounder, 
and 3-inch.

Cartridge 
tanks and boxes: 
variety of types.

Plate 14 shows the assembly of 3"/50 ammunition with different types of pro­
jectiles used.

Plate 15 shows the assembly of 4"/50 ammunition with different types of pro­
jectiles used.

8. Case gun ammunition is issued in special tanks and boxes for safe trans­
portation and stowage. Each type of ammunition has its own box or tank, and 
each ship has the magazines arranged for the standard tank or box which goes 
with the battery. It is important to note that different types of projectiles have 
nose blocks to fit, and should it be necessary to restow ammunition that has been 
removed from the containers, care should be exercised that cartridge cases are 
returned to the proper tanks or boxes, in accordance with the proper markings, 
and that the same blocks are used as were originally issued. This provision is 
more important now that ready service boxes are provided at guns for the stowage 
of untanked or unboxed cartridges.

9. As many cartridges are packed in a container as will allow easy handling.Number of 
cartridges In 
tanks or boxes.

4 Inches and above..................................................................................
.....................................,..............................................
..................................................................................... 

3'723..............................................................................................................
6-pounder...................................................................................................
6-pounder...................................................................................................
3-pounder...................................................................................................
1-pounder antiaircraft........................... ............................................
1-pounder...................................................................................................

I per box.
4 per box.
6 per box.
7 per box.
II per box.
7 per box.
16 per box.
100 per box.
60 per box or tank.

10. The 1-pounder ammunition box, Mark II, is shown in Figure 34. It has 
a transom with openings for 60 cartridges. The bottom of the box has a recess 
cut corresponding to each opening in the transom, and the top has a recess for



PLATE VIII.
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PLATE IX.
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the protection of the primer. Figure 34 also shows the special box, Mark III, for 
antiaircraft 1-pounder guns. This box is designed to take a belt in which 100 
cartridges have been loaded. The belt is faked down in layers. The 6-pounder 
Mark I cartridge tank is also arranged to hold the cartridges by means of a tran­
som in a manner similar to the 1-pounder box, the projectiles resting on the 
bottom in recesses.

11. The 3"/23 tank, Mark I, Figure 35, is designed to hold seven 3,,/23 car­
tridges. It is designed to be air and water tight, especially for submarines armed 

Fig. 34.—l-Pounder Amm. Boxes Mks. II and 111. Fig. 35.—3'//23 Cartridge Tank Mk. 1.

with 3"/23 guns. In this tank the nose of the projectile is not resting on the 
bottom, but the weight of the cartridge is taken on the lower diaphragm of the 
transom in order to protect the nose fuse. The transom may be lifted out of the 
tank by a bail. In case the projectiles pass so far through the lower diaphragm 
that the rotating band comes up against the center diaphragm, the casing will be 
distorted. To prevent this, special cups are sometimes used to fit the lower dia­
phragm to carry the weight of the cartridge. Frequent inspections should be made 
to see that the fuse covers are not becoming loose, and if so, the ammunition should 
be turned in for overhaul.
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12. The 3"/23 field and landing gun ammunition boxes, Mark IV and Mark 

IV Mod. 1, respectively, Figure 36, are similar in construction except as to length, 
the latter being longer than the former. Special nose blocks are required for com­
mon projectiles, shrapnel, and illuminating projectiles.

13. The 3''/50 caliber ammunition box, Mark I Mod. 1, Figure 37, is the one 
usually met with in service. It holds four cartridges and has special nose blocks for 
different type projectiles. It is to be noted in this box that the projectiles do not 
all point the same way. The Mark I Mod. 2 differs from the Mod. 1 in that two 
sides are sheet metal instead of wood. This type is designed to fit the 5-inch hoists 
on battleships. The covers are secured by metal straps covered with marline.

Fig. 36.-3723 Amm. Boxes Mk. IV and IV Mod. I. Fig. 37.—3750 Amm. Box Mk. I, Mod. 1.

14. The Mark II, 3"/50 tank, Figure 38, is especially designed for submarines 
armed with 3"/50 guns. It is constructed so as to be water and air tight. The 
weight of the cartridge is taken up by the rotating band resting on a diaphragm. 
A special lifting wrench is provided for extracting the cartridges.

15. Figure 39 shows the 4"/40 caliber box. This is used for 3'750 illuminat­
ing projectiles.

16. Figure 40 shows the 4"/50 cartridge tank as issued to destroyers, sub­
marines, and certain other vessels whose stowage arrangements are designed to 
take this type. The diaphragm supporting the case by the rotating band of the 
projectile causes the cartridge to spring up so that it may be withdrawn. It is 
kept down in place by a cork portecting pad on the inside of the cover. The top 
of this type frequently stick, and difficulty is experienced in opening them. A 
special opening tool is issued with two lugs on the handle for turning the butterfly
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Fig. 38.—3"/50 Amm. Tank, Mk. II, with extractor. Fig. 39.—4"/40 Amm. Box also used for 3/'/50 
III. projectile.
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nut and an open jaw for prying up the top. It should be rested on one of the 
side lugs.

Fig. 40 —4'750 Cartridge tank Mk. II. Fig. 41.—4"/50 Cartridge Boxes Mk. Ill and III Mod. 1.

17. Figure 41 shows the 4'750 cartridge boxes special nose blocks are required 
for each type of projectile.

18. Figure 42 shows the 6'740 ammunition box. It holds one cartridge case 
without a projectile.
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19. Figure 43 shows a group of miscellaneous packing boxes.
(1) Galvanized iron box for Mark VIII primers.
(2) Cabinet box, wood, for Mark I containing detonators.
(3) Copper box for Mark XIV primers.
(4) B. L. R. combination primers.
(5) Tin box for Mark I detonators.
(6) Copper box for B. L. R. primers containing wood block.

Fig. 42.—6"/40 Amm. Box. Mk. II.

(7) Percussion detonators for torpedoes.
(8) Tin box for electric detonators (new type).
(9) B. L. R. combination primers.
(10) Packing box for Mark XIII primers.
20. Bag charges are issued to the service in special metal tanks made air-tight. Powder tanks. 

Formerly these tanks were made of copper sheets with brass or bronze top and 
bottom rings, the tank bodies being protected by thin wood strips riveted along 
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the sides. The latest practice is to use thin sheet steel rolled and welded into a 
cylinder. The metal is protected by an antirust coating, such as galvanizing or 
parkerizing, and then the interior is coated with an antiacid paint.

21. Powder tanks are a very important item of the ordnance equipment, for 
on the efficiency of each tank rests the responsibility of the regularity of the powder.

Importance of 
air-tight tanks.

Fig. 43.—Misc. Packing Boxes for primers and detonators.

The methods in use for prolonging the life of smokeless powder is set forth in chap­
ter 5. It must be borne in mind, however, that the stabilizer only prolongs the 
life and does not prevent deterioration under adverse storage conditions. As 
explained in chapter 1, if a powder tank is leaky, the solvent escapes and the bal­
listic properties of the powder change. The length of time the powder is exposed 
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to this condition, and the size of the leak, affect the amount of change. It so 
happens that certain charges thus treated give varying results and have a vital 
and immediate effect on the dispersion: The answer is: See that the powder tanks 
are kept air-tight. All tanks now issued to service have rubber gaskets in the 
covers which must be maintained in an efficient condition. There are several types 
of closures in use, either a system of dogs and nuts fitted outside of cover or else 
contained in the cover, or, as in the latest make of 16-inch tank, a cam system. 
The self-contained tops are considered the best, as they do not offer projections 
which may be struck and loosened. When tanks are accepted they are tested under 
a pressure of 5 pounds of air for three minutes.

22. Powder tanks must be as light as is consistent with strength, capacity, 
serviceability and air-tightness in order that a vessel may not carry around a mass 
of useless material. They must be so arranged as to permit quick opening, as the 
number of loaded tanks allowed open at one time is limited by the safety precau­
tions. Tanks are designed to hold the largest fraction of a charge consistent with 
ease in handling and stowage. The number of tanks to a charge varies with the 
caliber, as will be seen by reference to the following table:

TABLE “A.”

Gun.

4

Powder tank.

1 2 3 5 6 * 8

Caliber.

Minimum 
length of 
powder 
space 

(inches).

Diameter 
of choke . 
(Inches).

Maximum 
weight of 

charge 
(pounds).

Minimum 
inside 
length 

(inches).

Minimum 
inside 

diameter 
(inches).

Number 
tanks per 
charge.

Number 
sections 

per tank.

5"/50 31.73 6.25 23 30.0 6.5 1 i 1
5"/51 35.73 6.55 27 30.4 6.5 1 1
6'750 41.08 7.25 42 41.0 7.2 1 1
6'753 47.80 7.25 50 47.8 7.2 1 1
7"/45 51.16 8.50 62 26.0 8.5 2 1
8"/35 42.18 9.50 47 45.0 9.3 1 2
8"/45 56.34 9.50 104 28.8 9.5 2 1

10"/30 55.35 12.50 95 30.0 12.5 2 1
10"/40 67.28 12.50 ! 220 34.2 12.5 . 2 1
12"/35 72.49 14.50 168 38.0 14.5 2 2
12"/40 81.45 14.50 285 40.3 14.5 2 2
12'745 81.00 14.50 310 40.3 14.5 2 2
12"/50 81.97 14.50 353 40.3 14.5 2 2
13'735 78.76 15.50 204 41.3 15.5 2 : 2
14"/45 81.08 15.50 380 40.1 15.0 2 2
14"/50 92.21 15.50 480 40.1 15.0 2 2
16"/45 94.03 17.50 600 37.28 17.0 2j 2
16"/50 113.78 17.50 720 37.28 17.0 3 2
18"/48 115.525 19.50 840 29.00 17.5 4 ! 2
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TABLE “A”—Continued.

Ignition.Powder charge.

9 10 11 12 13 14 15

Number 
sections 

per 
charge.

Maximum 
length 

per 
section 

(inches).

Maximum 
diameter 

per 
section 

(Inches).

Type.
Total 

ignition 
(grams).

Ignition 
per 

section 
(grams).

Diameter 
ignition 

circle 
(inches).

1 29.25 6.0 Unstacked.................. 75 75
1 30.00 6.3 ........ do............................ 75 75 5.5
1 40.00 6.9 ........ do............................. 100 100 6.0
I 47.00 6.9 ....do ... 150 150 6.0
2 24.00 8.0 .........do............................ 300 150 6.5
2 20.00 8.5 ........ do.......................... 300 150 7.0

27.70 9.1 ........do............................ 400 200 7.0
2 26.00 11.5 ........ do............................ 400 200 9.0
2 33.00 12.1 .... do. ... . 800 400 9.0
4 17.00 13.5 ........ do............................ 1,000 250 10.0
4 19.00 13.5 ........ do............................ 1,200 300 10.0
4 19.50 13.8 Stacked........................ 1,200 300 10.0
4 19.50 13.5 ........ do............................ 1,200 300 10.0
4 19.00 13.5 Unstacked.................. 1,000 250 10.0
4 19.50 14.0 Stacked........................ 1,200 300 10.0
4 19.90 14.6 ........ do............................ 1,200 300 10.0
5 18.25 16.5 ........ do............................ 1,750 350 10.0
6 18.50 16.5 ........do............................ 2,100 350 10.0
8 14.20 16.5 ........do............................ 2,400 . 300 10.0

The inside of a powder tank must have a surface so coated that it will not 
exert any deleterious effect on the powder. Special handling facilities are fitted for 
handling tanks, either handles on the sides, or lugs for using special slings. Tanks 
should never be rolled on deck or jumbled around in cargo nets, as this always 
results *in leaks developing.

23. The following tanks are selected for illustrations, as they represent the 
different types in service: •

Figure 44, 5-inch powder tanks.
Figure 45, 12-inch powder tanks.
Figure 46, 14-inch powder tanks.
Figure 47, 16-inch powder tanks.
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Fig. 44.—5" Powder Tanks. Fig. 45.—12z/ Powder tanks.
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Fig. 47.—I6Z/ Powder Tank.Fig. 46.—I4ZZ Powder Tank.



Chapter XII.

FUSES AND TRACERS.
1. A fuse for use in projectiles is a device for causing the burster charge to 

explode when certain conditions have been fulfilled. A recent act of Congress makes 
the following distinction between the various kinds of fuses for regulation of their 
transportation by commercial carriers, as further regulated by Rules of Interstate 
Commerce Commission.

"Fuze” (spelled with a “z”): A fuze is used to detonate a high explosive 
burster charge for projectiles, mines, bombs, etc. It is commonly called a detonat­
ing fuze.

"Fuse” (spelled with an "s”): A fuse is used to ignite the burster charge of a 
projectile or to convey fire to an explosive slowly, as in blasting work. For a 
projectile, these are commonly called ignition fuses.

" Fusee ”: A pyrotechnic night signal used by steamboat and railroads.
"Primer”: A device used to ignite the propelling powder charges of ammu­

nition.
The distinction made above between "fuses” and "fuzes” will be used in the 

Navy only as applying to shipment by commercial carriers. For other purposes 
the term "fuse” will be used for all classes of fuses.

For Navy material the following designations are used:
Detonating fuze, Mark — Mod. —.
Ignition fuse, Mark — Mod. —.. 
Superheater fuse, Mark — Mod. —.

2. The following table comprises a list of the fuses which may be found in 
service:

IGNITION FUSES.

Nomenclature.

List of fuses.

NOTE.—Fuses will be designated by caliber and mark. The mark will be that which is stamped 
on fuse, thus: “Ignition fuse, minor cal., Mark III.” Only those ignition fuses which are used 
by the Navy are listed.

Mark and 
mod. Description of fuse.

Marking on fuse.

Words or letters. Mark.

I....................... Navy base, major caliber.................. Year of manufacture .......................
.........do.............................. .........do..........................................................

1-2................... .........do.......................................................... .........do..........................................................
1-3................... .........do......................................................... i .........do..........................c = =»
1-4................... .........do.......................................................... .........do..........................................................
II..................... Navy base, minor caliber, short... W. N. Y. and year of manufacture.
Ill................. Navy base, minor caliber, long....... .........do..........................................................
II-2................. Broderick, minor caliber.................. C. M. B.-J.................................................
II—3................. Hotchkiss, minor caliber, R.H. 

thread.
Hotchkiss.................................................

(171)
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Ignition fuses—Continued.

II-4.

II-5.

II-6.

II-7

IV- 3
V.......
V- l.
VI. ..
VII. .

IX-1
IX-2.
IX-3.
X.......

X-2

XI...
XI-1
XI-2
XI-3
XI4

Marking on fuse.
Description of fuse.

B. O. C. minor caliber, coarse, 
L. H. thread.

Driggs, minor caliber, R. H. 
thread.

Hotchkiss, minor caliber, stand­
ard thread.

Driggs, minor caliber, standard 
thread.

Wilson-Chase, minor caliber........
Baldwin, minor caliber.....................
Merriam, major caliber...................
Wiison-Chase, major caliber..........
........do........................................................ 
........do.......................................................

Words or letters. I Mark.

B. 0. C... Ill

U. M. C. Co., Bridgeport, Conn., 
Driggs.

U. M. C. Co., Bridgeport, Conn., 
Driggs.

Manufactured by U. S. Ordnance.
B...................................................................
Model 1903, Merriam..........................
Wiison, W. C...........................................

Manufactured by U. S. Ordnance 
Co.

1905............................................................
Watson fuse, 1904................................
Watson-Fostoria..................................
Bethlehem, 1905..................................
Scovill Manufacturing Co., 1898..

Semple, 1907..........................................
Semple battle tracer...........................

Wilson-Lynch, major caliber..........
Watson, major caliber.......................
Watson, medium caliber............ . ....
12-sec., Bethlehem, combination.
15-sec., Frankford Arsenal com­

bination.
Semple base, minor caliber..............
Semple battle tracer........................... x...__________

{SetJ1aPcer).niillOr CallbeF (friCtl°n Jsemple tracer fuse.

Semple, minor caliber (percussion........ do.........................
tracer).

Semple, minor caliber tracer..................do.........................
Sempie type, minor caliber base.. N..................................

23-sec., Frankford Arsenal com­
bination (oii model).

21-sec., F. A. C., model 1907...........
21-sec., F. A. C., model 1907 M...
21-sec., F. A. C., model 1915....
Semple, medium caliber (friction

tracer).
Semple, medium caliber (per­

cussion tracer).
Sempie, medium caliber tracer

(1>£ -Inch threads).
Sempie, medium caliber tracer..

.........do..........................................................
Semple base, medium caliber.........

........ do..........................................................

........ do..........................................................

........ do..........................................................
Semple type, medium caliber 

tracer.
21-sec., combination, W. N. Y...
21-sec., combination, Scovill.........
21-sec., time, Scovill...........................
21-sec., time, Scovill..........................
21-sec., combination, Scovill.........

A. M. Co

F. A.,’model 1907....
F. A. C., model 1907

Semple tracer fuse.

do.

........do....................... 

........do....................... 
Semple Neptune. 
....do......................

____do......................  
____do.......................
G. D. tracer fuse.

Fuse, W. N. Y....
Fuse, Scovill.........
....do......................
....do......................
....do......................

V-l
V-l

S.C.Mk.
II 

III

I

II

Ill
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Ignition fuses—Continued.

Mark and ' Ammunition to which 
mod. assigned. Manufactured by­ Remarks.

1-1...................
1-2................... Naval Gun Factory ..
1-3...................
1-4...................

II.....................

................................................

......... do . ........................
II-l................. ....‘.do..................................... ____do.........................
II 2
II-3................. Hotchkiss Manufactur-

11-4.................

ing Co.

II-5................. U. M. C. Co.....................
11-6

II 7
ing Co. 

IT. M. C. Co
11-8................. IT. S. Ordnance Co
II-9................. Ansonia Manufacturing 

Co.

Merriam .Ill................... 4"/40, 5"/40, and 6"/40
.........do......................................IV.................... Wiison-Ciiase .

IV-1 .............
IV-2............... U. S. Ordnance Co

IV-3............... .........do...................................... Wlison-Lyncli...................

V...................... 4"/40, 5'740, 6"/40,

V-l.................
8'735.

Aii medium caliber......... Fostoria Screw Co...........
VI.................... 3-inch F. G. and L. G... Bethlehem Steei Co.........

VII.................. .........do..................................... Scoviii Manufacturing

VIII................

Co.

VIII-1..........
VIII-2........... .........do..............,..................... J. B. Sempie Co..................
VIII-3........... 1, 3, and 6 pounder, 

and 3"/50.

VIII-4............

VIII-5............
and 3"/50. ....................................................

Nathan Manufacturing 
Co.

Ansonia Manufactur-VIII-6............ 1-pounder oniy.................

IX.................... Broadside shrapnel.........
ing Co.

Frankford Arsenal.........
IX-1............... .........do..................................... .........do.....................................

All major caliber Navy base 
fuses are being withdrawn 
from service and held In 
store under an obsolete 
classification, to be used 
oniy in case of a failure in 
the supply of centrifugal 

, fuses.

Suitable for use In minor 
caliber sheil fitted to take 
these fuses.

Do.

Practically aii reloaded at 
Washington Navy Yard, 
1915 to 1919. Remainder 
reserved at depots for re­
loading, in case bureau 
sees fit to order them re- 

„ ioaded in the future.
■R” stamped on fuse indi­
cates it was reloaded at 
Washington Navy Yard.

Do.
To be used In target prac­

tice.
Do.

All Sempie minor cailber 
fuses inay be considered 
as suitable for ail minor 
caiiber ammunition, but 
the Mark III fuses are 
preferred for 3"/50 caiiber 
ammunition.
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Ignition fuses—Continued.

Mark and 
mod.

Ammunition to which 
assigned. Manufactured by— Remarks.

IX-2............... All ammunition fitted Frankford Arsenal.........

.....do.......IX-3...............
for time fuses.

X................... J. B. Semple Co

All Semple medium caliber 
tracer fuses may be con­
sidered as suitable for ali

X-l ............. .. ..do .... shell fitted to take major
X-2............... .........do.............. caliber ignition fuses, but
X-3................. .........do..................................... the Mark IV and IV-A
X-4............... .........do.................. fuses are preferred for

X-5................. All medium caliber......... Neptune Meter Co__

high powered 5'751 and 
4"/50 Mark IX ammunl- 
tion.

X-6............... .........do..................................... .........do.......
X7................. .do................................... .........do.....................................
X-8 .............. .........do.,................................ .. ..do.
X-9................. .. .do.................................... Gray & Davis..................... Semple fuse plunger, G. & 

D. tracers.
XI.................. All ammunition fitted Naval Gun Factory.........

Scovill Manufacturing
Co.

. do....................................

XI 1...............
for time fuses.

.. ..do............................

XI-2............... 3'750 A. A. ammuni­
tion only.

.........do.....................................

Similar to Mark XI-1, but 
with percussion element 
omitted.

Do.XI-3............... .........do.....................................
XI 4 ............ All ammunition fitted .........do.....................................

for time fuses.

Eiiiy history. 3. The gradual development of fuses for military purposes from the earliest 
times, subsequent to the use of solid shot, has been affected by changes in guns, 
projectiles, and explosives, and by changes in and requirements for their tactical 
uses. The first projectiles used were round stones. These were followed by solid 
round shot which were succeeded by hollow round shot. The advantage of frag­
menting the hollow shot was apparent, and for this purpose a burster charge of 
black powder was used. At first the methods for exploding the burster charge 
were very crude. A piece of fusee was placed in a hole in the shot and either 
ignited first by a spark before firing, or by the flame from the powder charge. 
With the low-powered cannon of the times, the short ranges and the low velocity, 
the fuse kept burning until it communicated its flame to the black powder, unless 
the shot fell in water or the fusee was extinguished after the shot landed. As 
may be imagined, the percentage of fragmentations was not very high, hence the 
tactical requirements demanded improvement. The powder train fuse was the 
first endeavor. It consisted of a wooden plug with a central case of fuse powder, 
the outer end having a small charge of quick-burning powder. The fuse body was 
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driven into a hole in the shot, after the inner end was cut off somewhere along its 
length to regulate the time to burst. Another method was to pierce the fuse body 
with a gimlet, and thus provide an opening for the flame to spit through into the 
cavity. The outer end was covered with paper for the protection of the quick­
burning composition. This attempt was the beginning of the time fuse. A later 
development, the Borman fuse, was a flat pewter stock screwed in the shot. It 
had a powder ring inside the stock which burned down to the center and spit 
through into the cavity. By puncturing the metal covering the powder train at 
varying distances from the end, the time of burning could be regulated. The 
flame from the powder charge ignited the train where it was punctured.

4. This type prevented extinguishing the fuse train, but if the train was too fn®oncuss1011 
long, time was allowed for picking the shot up and dropping it over the side. The 
demands dictated the requirement that the fuse action should take place on the con­
cussion resulting from the fall of the shot. Several types were used to get these
results, such as using glass or plaster of Paris stocks, which would break on impact 
and open up a passage from the powder train into the cavity. These were not 
very successful, however, and were quickly followed by the percussion fuse.

5. When priming compositions came into use, advantage was taken of the Percuasion 

primer cap by the fuse maker to develop the forerunner of the percussion fuse. ’
It consisted of a plunger carrying a firing point which, on impact, would move 
and strike the cap, and thus fire the burster charge. Owing to the fact, however, 
that a round shot would strike anywhere on its surface, one such as this would not 
always fire. To get a burst it was necessary to have three double-acting plungers 
with six caps, one plunger in each of the major axes. This type never came into 
general use, as about this time the advent of the rifled gun and the elongated pro­
jectile simplified the fuse maker’s problem, as the new type of projectile always 
lauded point first. The use of a rotating band also prevented the use of the powder 
gases for igniting a time train. The use of a single plunger and a primer cap was, 
therefore, well adapted to the improvements in ordnance. However, with the 
increase in the power of guns, the desire to make projectiles safe'in handling and 
firing required other improvements. When high explosives became common for 
burster charges, the necessity for having a fuse which would detonate the charge 
and yet be safe in handling and firing became apparent and led to the detonating 
fuse.

6. Besides incorporating certain safety features, the design of a fuse is regu- Tactical re­
lated by the uses to which it is placed. A simple percussion fuse is required to qulren,ents- 
operate on impact and fire a black powder charge. It may be either a nose fuse
or a base fuse, depending on the design of the projectile. All simple percussion 
fuses in the United States Navy are base fuses. A time fuse must, a predeter­
mined period after discharge, fire the burster or ejection charge, as in shrapnel, 
illuminating projectiles, etc. A time percussion fuse must fire after a predeter-

28015—24------ 13 
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mined period or else fire on impact, if not operated by the time train. A detonating 
fuse must detonate a high explosive charge on impact, either instantaneously or, 
in case of an armor-piercing projectile, a short period of time after impact in order 
to allow the projectile to get through the plate and explode inside a ship. All the 
above are types and may be each divided into classes differing in design. They 
are not interchangeable and consequently are assembled in advance in the projec­
tiles and are a part of the projectiles. It is not permissible to remove fuses of any 
type for inspection, as this is a very dangerous operation.

Parts of a fuse. 7. Practically all modern fuses have the following parts:
(a) A firing pin which strikes a primer element at the instant the fuse is in­

tended to function. The firing pin in most fuses is attached to a movable mass 
and the action is controlled by the forces acting on this mass. In some types 
the movable mass carries the primer and the firing point is attached to the fuse
proper.

(6) A plunger—a movable mass which is acted on by certain forces to initiate 
the action of the fuse.

(c) The primer element, usually a cap similar to those used in primers for guns, 
containing a small quantity of sensitive explosive, giving a good flame when fired 
by friction or a blow.

(d) A fuse stock for carrying the various parts and so made as to fit the 
fuse cavity in the projectile.

^Forces utilized 8. In designing a fuse the maker has to consider the following forces, either 
using them to control the fuse action, or compensating for them in order to get the 
correct operation:

(а) Force of inertia of the movable parts, due to the acceleration of the pro­
jectile in the gun, usually called the "setback.”

(б) Centrifugal force due to the rotation of the projectile.
(c) Retardation in flight, resulting in forward "creep” of such parts as are 

not affected by the retardation of the projectile.
(d) Retardation due to impact or the force of impact.
(e) Angular acceleration in the gun.
(/) Angular retardation on impact.
(g) Angular retardation in flight.
(Ji) Friction.
(i) Self-contained forces acting independently of outside forces, such as 

mechanical movements, springs, etc.
turetfety fea' As stated above, a fuse must be safe in handling and firing. If the fuse

contains a plunger not efficiently and firmly held in place against a slight shock, 
the mere dropping a projectile on its point would cause it to function. A certain 
number of fuses and fuzes from each lot, therefore, are tested by dropping them 
in a projectile a predetermined height several times in order to make sure that such 
an accident will not occur. A fuse or fuze must be safe in loading so that the 
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shock of ramming the projectile home will not arm the device and permit it to 
function on discharge of the gun. The fuse or fuze must be bore-safe; that is, 
not explode or arm until it has cleared the muzzle of the gun and, also, must not 
function prematurely, that is, before the time for which it is designed to act. 
Other tests are given, such as the jumbling and jolting test to insure that constant 
working will not release any of the parts; fragmentation tests to insure that the 
burster charge is properly exploded, etc.

10. Fuses and fuzes may best be described under the heading of ignition fuses, eiwsiflcation. 
time fuses, and detonating fuzes. Ignition fuses act by the forward motion of a 
plunger in the fuse body, caused by the sudden stopping or retarding of the pro­
jectile in flight. The minor caliber types, due to their small size, are usually armed 
by setback. The medium caliber types, on the other hand, are armed by centrifugal 

Fig. 48.—Navy Base Fuse, Minor Cal., Mk. II, Mod. I. Fig. 49.—Broderick Fuse, Minor Cal., Base percussion, Mk. II, Mod. 2.

force. The types of ignition fuses which may be met with in service are listed above. 
Plate — shows the types used in service.

11. The Navy base fuse, Figure 48 (Buord 53260), is the oldest type in service. fu*avy b a ‘e 
It may be used in the 1-pounder common projectile. The fuse stock contains the 
plunger, which is held in place by a shearpin. On setback, the pin is sheared
and on impact the plunger goes forward and causes the firing point to strike 
the primer cap, a Winchester, which spits through the channel into the cavity 
of the projectile. This type is satisfactory for small calibers, but does not have 
the necessary safety features for high powered guns.

12. The Broderick fuse, Figure 49 (Buord 53163), consists of a fuse stock con-fu®r 0 d e r 1 c k 
taining a plunger which is surrounded by the plunger sleeve. The sleeve
is normally held in place by a split ring in such a position that the firing pin is 
housed. On setback, the split ring is moved down to the lower groove on the 
plunger by the action of the sleeve thus exposing the firing point. The combined 
weight of the sleeve and plunger carries the firing pin forward on impact and fires 
the primer cap.

13. The Driggs fuse, Figure 50 (Buord 14464), utilizes centrifugal force to »r*ggsfuse. 
release the plunger. The stock contains a plunger, which has two channels down 
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the sides diametrically opposite each other and to the spring. The lower end of 
the plunger is undercut with a collar on the end. The spring is in two parts, the 
lower end on each side having a half of a ring fitting into the undercut part of 
the plunger, thereby holding the plunger in place. When the projectile rotates, 
the lower ends of the spring, where they fit around the plunger, fly out and on impact 
permit the plunger to go forward and strike the primer cap, as in other types. 
The advantage of such a safety feature is that the projectile must be rotated before 
the fuse is armed. It should also be noted that if a projectile fall on its side, one 
part of the spring may disengage, but the other will hold in place more tightly.

14. The Wilson-Chase fuse, Figure 51 (Buord 26527), consists of the fuse stock 
containing a plunger, with the firing pin. The firing pin is locked in the unarmed

I

Fig. 50.—Driggs Percussion Fuse. Fig. 51.—Wilson-Chase Fuse.

position by the centrifugal guard, consisting of two gates pressed together by a 
spring. As the projectile rotates, the gates, by the action of centrifugal force, 
swing out, freeing the plunger, which is then free to go forward on impact.

dieberPfuse’Inor The Semple minor caliber fuse, Figure 52 (Buord 54917), has a movable
firing pin. The stock contains the plunger and plunger post, which is pinned to 
the plunger by a shear pin with the plunger in the forward position. The 
plunger is in the forward position with the firing point rotated on its hinge pin, so 
that it does not point toward the primer. The firing pin is attached to the 
plunger by the hinge pin. On setback the shear pin is sheared, the plunger rides 
back on the plunger post, and in so doing carries back the firing point, which 
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straightens out as it enters the recess in the end of the plunger post and then points 
at the primer cap. On impact the plunger and plunger post go forward together and 
fire the primer. In this fuse there is, in addition to the primer cap, a magazine 
containing a small charge of fuse powder. While this type is not a centrifugal­
acting fuse, it is to be noted in particular that the firing pin is not aligned with the

Fig. 52. Semple Minor Cal. Tracer Fuse, Mk. III.

primer until after the setback, and can not be so aligned until the plunger has 
moved relative to the plunger post.

16. The Ansonia and Nathan fuses are similar to the Semple fuse but were N^{J|nnf2sesand 
manufactured by different companies.

17. The Baldwin fuse is somewhat similar to the Broderick, but differs in that Baldwln fuse, 

a shear pin holds the plunger to the firing pin, and thus keeps the latter housed.

When the plunger is forced back, a small centrifugal locking bolt flies out and 
hold the plunger and firing pin together, so that both go forward on impact.

18. The Watson medium caliber fuse, Figure 53 (Buord 50210), is similar to the dl^atsc°annber 
Wilson-Chase. It has a plunger barrier, consisting of two semicircular pieces,fuse- 
which open when the projectile rotates and unlock the plunger. The plunger has 
a small spring in the rear, which on setback is compressed, so that the turns over­
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ride except about one turn in the middle. This spring prevents creep during flight, 
but on impact the one turn is stretched out, thus permitting the plunger to go for­
ward.

dium" caliber 19. The Semple medium caliber ignition fuse, Figure 54, operates on a somewhat 
different principle from those previously described. The most interesting feature 
of it is the Semple centrifugal plunger. The plunger contains a pivoted firing 
pin. There are two centrifugal locking bolts, which hold the firing pin in the 
down or unarmed position. As the projectile rotates, the locking bolts are thrown 
out and the unbalanced firing pin is rotated about its axes, due to centrifugal 
force acting on the center of mass. The point is then aligned with the 
primer cap. Due to the peculiar shape of the firing pin, the effect of acceleration 
in the gun causes it to lag, as this force is greater than the centrifugal force and 
consequently during acceleration it does not align itself with the primer. When the 
acceleration has ceased (when the powder gases cease to act on the projectile) the 
centrifugal force takes charge and completes the movement of rotation of the pin.

Fig. 54,—Semple Med. Cal. Ignition Fuse.

A spring forward of the plunger prevents creep during flight as, without it, the 
deceleration of the prejectile being greater than that of the plunger, due to air 
resistance, would cause a relative motion between the plunger and the stock.

Tracers. 20. Certain fuses have tracer components assembled with them, but they 
have no connection with the fuse action. They will be discussed under a separate 
heading.

Time fuses. 21. There are two types of time fuses, one having the time element only, for 
use against aircraft, and the other, called a combination fuse and having a time and 
a percussion element, for use in shrapnel on the surface. All time fuses in the Navy 
are powder train fuses, as no successful mechanical time fuse has been developed to 
date, to function properly in Navy high-powered guns. Certain mechanical time fuses 
will function satisfactorily at velocities lower than service. The time fuses which 
may be found in service are the Bethlehem 12-second combination, the Frankford 
Arsenal 15-second combination, and the 21-second Mark IV or Mark XI.



181
33. It is of the greatest importance that time fuses give uniformity of action. 

Even though the time of burning as set on a time train does not agree with the 
range table time of flight, a suitable correction may be applied to the setting after 
a range shot. In laying an effective barrage, however, the fuses, if set alike, should 
cause bursts in the same time interval in order that the range pattern may be small. 
The following conditions affect the uniformity of powder trains:

(a) Age of fuse.
(&) Condition of storage.
(c) Barometric pressure.

33. As black powder ages it becomes less sensitive, due to minor chemical Jc°“’
it . . . tip i ii dltlon of powder

changes, so that the powder tram of an old fuse may be expected to burn more train, 
slowly than that of a new one. Black powder, the major component of a time-train 
composition, is hygroscopic. It readily absorbs moisture and this absorption 
will cause the train to burn slower and slower as the moisture conte’nt increases, 
until it fails to function when the composition becomes wet. When the composition 
is prepared, the work is done under standard conditions, so that the final result will 
give fairly uniform results. If the composition dries out, it will burn faster. If 
fuses in service are not subjected to fairly uniform conditions of storage, they will not 
function accurately on firing. All time fuses are waterproof and, in addition, are 
fitted with water-tight covers which are to be removed just prior to firing. If the 
covers become loose so that they admit moist air to the fuse, erratic fuse action may 
be expected.

34. The barometric pressure affects the rate of burning. This is shown by m 
the different action of fuses fired with low angles of departure and those fired at 
high angles of departure. This action is very apparent in antiaircraft firing, as 
the fuse takes longer to act when fired at high targets than when fired at low targets. 
The cause is the decrease in barometric pressure. In manufacture the powder train 
is compressed by high pressure, so that it burns fairly slowly in a manner similar 
to a compressed black powder grain in a gun. Each layer is first heated by the 
hot gases until it ignites. With increased pressure the hot gases are kept in closer 
contact, hence there is less time required to bring each layer up to the ignition 
temperature, and the composition burns more rapidly. The gases of combustion 
expand more readily with decreased pressures and consequently cool more rapidly, 
hence transfer less heat to succeeding layers, thus causing a decreased rate of burn­
ing. The fuse action may be expected to vary somewhat on days when the bar­
ometric pressure varies, but all should function in the same way if not affected by 
other causes.

35. The action of similar time trains is also affected by the weight of the pro­
jectile and the velocity. Heavier projectiles lose velocity less rapidly than lighter projectile, 
ones, hence the pressure on the burning time train is greater for heavier projectiles 
during flight, and the train will burn faster due to the fact that the pressure remains 
higher. In the same way, increasing the muzzle velocity has the effect of quick­
ening the burning of the train.
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26. These conditions affecting the uniformity of time fuses are disadvantages, 

some of which could be reduced and others eliminated by the use of a mechanical 
time fuse operating by clockwork. However, it is most difficult to control the forces 
acting on the parts of a mechanical time fuse when fired in a high-powered gun. 
This problem, that of devising a mechanical fuse which will function properly, re­
gardless of storage conditions, size of gun, initial velocity of rotation, or angles of 
elevation, is one still to be solved.

27. There are three types of time fuses fitted to field and landing gun ammuni­
tion and shrapnel for other purposes and one type for antiaircraft use. They are the

Fig. 55.-—Bethlehem 12-second combination Fuse.

Bethlehem 12-second combination, the Frankford Arsenal 21-second combination, 
the Washington Navy Yard combination Mark IX, and the Scoville time fuse, 
Mark XI, Mods. 2 and 3. The first two are practically obsolete and are found only 
in the Mark I, Mark I Mod. 1, and Mark III shrapnel, called old shrapnel. The 
latest shrapnel are fitted with the Frankford Arsenal, the Washington Navy Yard, 
or the Scoville Mark XI Mod. 1 or 4 21-second combination fuses. The Scoville 
Mark XI Mod. 2 and 3 time fuses are used for shrapnel, illuminating projectiles, 
and high explosive projectiles for use in antiaircraft work. Time fuses without 
percussion elements are recognized by the red tops.
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28. The Bethlehem 12-second combination time and percussion fuse is shown 12'

in Figure 55. It has plungers and wire similar to those of the usual percussion shear­
wire fuse, but the time plunger is so arranged that the shock of firing not only-
breaks the wire but explodes the primer cap, filling the angular cavity of the fuse 
with flame. This flame escapes through the vent at the same time igniting the 
zero end of the time train; a piece of quick match, leading from the time composi­
tion to the vent, insuring ignition. The time composition, which consists of a 
special mixture, is loaded in the train disk under considerable pressure. The train 
is of the horse-shoe type and extends through an arc of 315°. The stock is grad­
uated in quarters up to 12 seconds. As the scale is large and distinct, settings of 
one-eighth second can be made without difficulty. The lock pin which is removed 
just before setting the fuse, furnishes an additional safety in keeping the time 
plunger from impacting against the primer cap if the ammunition should be accident­
ally dropped. A spring washer firmly holds the train disk in set position and 
insures good contact of the time composition with the felt cushion washer, so that 
burning of composition takes place only on radial cross section of composition.

29. The magazine is filled with fine-grained rifle powder. The percussion 
element of the fuse is similar to the usual type of wire fuse, except that the plunger
is provided with longitudinal flame passages, as is also the anvil that holds the primer ,
cap, the holes in the anvil cap being covered by a thin piece of shellacked linen.

30. The fuse is made waterproof by dipping it in a bath of shellac, a thin but 
complete seal being thus formed.

31. Setting.—The lock pin is to be used as a setting tool, either end being 
adapted for insertion in the setting hole of the train disk, which should be moved 
until the index is brought in alignment with the graduation of time desired. 
The initial movement in setting of the disk should be right handed, as the fuse has 
a right-hand thread, and reverse motion might have a tendency to unscrew the same 
from shrapnel head.

32. Frankford Arsenal 15-second combination time and percussion fuze.—This senaink1f5.rSecond 
fuse, shown in Figure 56, is no longer being manufactured, though a number boughtfuse-
from the Army are in service. The action of the fuse is as follows:

(1) JLs a time fuse.—-A hole is punched through the cover, the time train, 
and the lead cone at the point in the cover corresponding to the number of seconds 
desired. Just before loading, the safety pin is removed. This allows the time 
plunger to rest on the fuse body, where it is held by the split ring. By shock of 
discharge, the split-ring spring is expanded and the plunger forced to the rear, the 
primer in the plunger striking the point and exploding. The flame from the primer 
passes through four radial holes and ignites the ring of compressed powder. The 
only vent for these gases is the punched hole, and they ignite the time train at that 
point. The latter burns and ignites the powder in the tube and the magazine. 
The flame from the magazine charge passes through the percussion primer plug 
and percussion plunger and ignites the bursting charge in the shrapnel.
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(2) 21s a percussion fuse—-By shock of firing the sleeve is carried to the rear. 

The split ring opens out and is forced back into the groove around the rear end of 
the plunger, where it springs into place. The plunger and sleeve are now locked 
together and the point exposed. On impact, both fly forward and explode the 
primer cap.

This fuse is set with a fuse punch, shown on Figure 59.

Fig. 56.—Frankford Arsenal 15-second combination Fuse.

Frankford 21- 33. The Frankford Arsenal 21-second combination fuze, Figure 57, model
>cond fuse. i 907 M (Mark IX) t is assembled as follows:

34. The body of this fuse is machined from a bronze casting. The time train 
rings are turned from hard-rolled rods of Tobin bronze. An annular groove in 
the shape of a horseshoe is milled in the lower face of each of the time-train rings. 
Meal powder is compressed into these grooves under a pressure of 66,000 pounds per 
square inch, forming a time train, the total length of which is 7 inches.
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35. The time element of this fuse is composed of the following principal parts: 

The time or concussion plunger, the concussion resistance ring, the firing pin, the 
vent, leading to the upper time train, the compressed powder pellet, the upper time 
train, the vent, the lower time train, the compressed powder pellet, in the vent 
leading to powder magazine.

36. The plunger is cylindrical in shape and contains the percussion composi­
tion in a recess at its base. The weight of the plunger rests upon the concussion 
resistance ring, which keeps the primer from contact with the firing pin. At dis­
charge of the gun, the resistance of the ring is overcome and the primer is exploded 
by contact with the firing pin.

37. As stated above, the annular grooves into which the meal powder of the time 
train is pressed are in the shape of a horseshoe, a solid portion being left between 
the ends of the groove in each ring or disk.

Fig. 57.—Frankford Arsenal 21-second combination Fuse.

38. The upper time train ring is prevented from rotating by pins which are 
halved into the fuse body and the inner circumference of the ring.

39. The vent is drilled through the walls of the concussion plunger chamber, 
and is exactly opposite a hole in the inner surface of the upper time train leading to 
the end of the train from which the direction of burning is anticlockwise.

40. The hole is drilled through the upper face of the lower time train ring 
to the end of the lower time train groove, from which the direction of burning is 
clockwise. The lower time train ring is movable and is graduated on its outer 
edge in a clockwise direction from 0 to 21.2, each full division corresponding to 1 
second time of burning in flight. These divisions are subdivided into five equal 
parts corresponding to one-fifth second. A radial pin is provided in the lower ring 
for engagement with a notch in the fuse setter for setting the fuse. A line on the 
lower flange of the fuse stock is the datum line for fuse settings.
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41. The vent is drilled through the flange of the fuse stock to the powder maga­

zine and leads to the same end of the lower time train as the vent—that end from 
which the direction of burning is clockwise—when the fuse is at its “zero” setting.

42. The action of the fuse as a time fuse is as follows:
Assume first the “zero” setting. At discharge of the gun the time plunger 

arms and fires its primer. The flame from the primer passes out through the 
vent, igniting the pellet, the end of the upper time train, down through the 
vent to the end of the lower time train, and thence through the vent to the 
magazine, the flame from which is transmitted to the base charge in the 
shrapnel. It will be seen that for the “zero” setting of the fuse the origin of both 
upper and lower time trains are in juxtaposition. Assume any other setting, say 
12 seconds: The vent has now changed its position with respect to the vent, lead­
ing to the beginning of the upper time train, and the vent leading to the powder 
magazine, both of which points are fixed by the angle subtended between the 0 
and 12-second settings. The flame now passes out through vent and burns along 
the upper time train in an anticlockwise direction until the vent is reached, where 
it passes down to the beginning of the lower time train and burns back in a clock­
wise direction to the position of the vent, whence it is transmitted by the pellet of 
compressed powder to the powder magazine. .

43. For the 21.2-second setting the vent leading to the beginning of the lower 
time train is opposite the end of the upper time train, and the end of the lower 
time train is opposite the vent leading to the powder magazine. It will now be seen 
that to reach the magazine and burst the shrapnel, the entire length of time train 
in both rings must be burned.

44. As already stated, the annular grooves in the lower face of each ring for 
the powder trains do not form complete circles, a solid portion being left between 
the ends of the grooves in each. This solid portion is utilized to obtain a setting at 
which the fuse can not be exploded by the time train and is known as the “safety 
point.”

45. This point is marked by a line on the outer edge of the movable time 
train, surmounted by an S, and is located about halfway between the zero mark and 
the 21.2-second graduation. When this point is brought opposite the line on the 
lower flange of the fuse body the vent is covered by the solid metal between the 
ends of the upper train, and the vent, leading to the powder magazine, is covered 
by the solid metal between the ends of the lower or movable time train. At the 
safety setting it will be seen that the upper train may burn entirely out in case of 
accidental firing of the time plunger, or in case it may be desired to burst the sharp- 
nel by impact or percussion, without the flame being able to reach the magazine.

46. The cloth washers are glued to the upper face of the graduated time­
train ring and to the upper face of the flange on the fuse stock. These surfaces 
are corrugated, as shown, to make the washers adhere more strongly. The function 
of the washers is to make a gas check and prevent premature action of the fuses.



Fig. 58.—Detonating Fuse Mk. VIII.
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47. The compressed pellet in the vent leading from the outside to the begin­

ning of the lower time train is to release the pressure of the gases due to the burn­
ing train. The gases from both time trains escape into the outer air through the 
annular spaces shown in the illustration and the vents in the closing cap.

48. The percussion element of this fuse consists of a percussion plunger, 
and an ordinary percussion primer.

49. The system of vents through the walls of the fuse conduct the flame 
from the percussion primer to the magazine.

50. The bottom closing screw closes the percussion plunger recess and keeps 
the powder in the magazine. The muslin washer is coated with shellac and held in 
place by the brass washer, over the outer edge of which a projecting lip is crimped.

51. These fuses are issued assembled in shrapnel and set at safety. For 
transportation in limbers and caissons the fuse should always be set at the safety 
point, if cover has been removed and original setting changed.

52.. The fuse is provided with a water proof hood of thin brass, hermetically 
sealed. The hood should be stripped off before an attempt is made to set the fuse. 
The powder time trains of these fuses are affected by prolonged exposure to air 
and the waterproof hood should only be removed immediately before firing. Every 
precaution should be taken not to allow water to get into the ventilating holes 
as this will render the fuses ineffective. Particular care in this respect is necessary 
when serving the guns in wet weather.

53. The action of the Mark XI fuse of the Washington Navy Yard manu­
facture is the same as above.

c o v 111 e 54. The Scoville Mark XI Mod. 1 and 4 are similar to the Mark IX fuse. The 
Mark XI Mod. 2 and 3, however, do not have a percussion element.

element*a 41" s ^me ^use capacity of ignition fuse cannot detonate a burster
charge of high explosive. To get the desired results a detonating element (Semple 
anti-aircraft fuse Mark VIII) is introduced between the fuse and the charge.

Fuse setters. 56. Ammunition in which time fuses are used may be roughly divided into
that used, first, for surface work, either afloat or ashore, such as shrapnel against 
bodies of troops, earthworks, etc., or against small, light, unarmored craft; and, 
second, for antiaircraft work in repelling aircraft attacks. The principal use of 
a time fuse is in laying a barrage in the air or in producing zone fire. Tactical 
requirements demand that a barrage be mobile, in that it may be quickly shifted 
as occasion demands. To produce the best results time fuses must be quickly and 
accurately set, and to obtain this result fuse setters are provided. Before the advent 
of fuse setters, fuse punches and wrenches were used for the older types.

Fuse punch. 57. The 15-second fuse punch, is a device for setting the time fuse Mark VII
(Frankford Arsenal 15-second combination fuse, model of 1894) to burst at various 
times of flight.

(a) The fuse punch consists of the following parts: Two grips, a punch, 
lock screw, and lock-screw spring. The grips are held together by a hinge pin and 
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nut. One grip has near the hinge a bevel which fits over the fuse, while at a similar 
location on the other grip is located the punch. On the inside surface of the grips, 
near their ends, are serrations. The hinge end is provided with an eye. The punch 
is a small hardened piece, provided with a sharp point for piercing the cover, time 
train and time-train cone of the fuse. This punch is held in place by the adjustable 
lock screw, which after being set is held from turning by the lock-screw spring.

(&) Use of the fuse punch: Remove the tin-foil protecting cap from the fuse 
and place the punch at the division of the time train corresponding to the time of

flight desired and squeeze the grips smartly together, so as to cut completely 
through the cover, time train and cone perpendicular to the axis of the cone. It is 
absolutely necessary in punching or setting the 15-second fuse to make sure that the 
time-train cone is cut through. For this reason the punch should always project 
from the inner surface of the grip at least 0.45 inch, and should not be adjusted to 
any other length, as it is probable that with a shorter length the punch projection 
will not cut through into the flame cavity of the fuse. A drill of small diameter or a 
wire nail, or anything of similar size and strength, may be used for setting the fuses, 
provided its point penetrates the fuse approximately one-half inch so as to enter the 
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flame cavity. Then remove the safety pin in the fuse and the fuse is ready for 
firing.

(c) If the fuse is to be used for percussion action only, the tin-foil cover need 
not be removed or the safety pin withdrawn, as the fuse will operate on impact 
without the removal of the safety pin.

58. The 21-second fuse wrench, is a tool for setting the Frankford Arsenal 
21-second combination fuse, model of 1907, the type which is provided with a 
slot instead of a fixed stop pin in the body of the fuse. It is a one-piece tool 
provided with a handle, having a loop or ring which fits over the fuse, and two lugs, 
located on the underside of the handle, that span the rotating pin on the time-train 
ring of the fuse. Care should be taken not to deform these projecting lugs.

(a) To use the fuse wrench, place the loop end over the fuse so that the lugs 
will straddle the rotating pin. The graduations for the time of flight given on the 
fuse time-train ring must be used for setting the fuse. The fuse wrench can be rotated 
in either direction without reversing the tool; this permits a correction to be made 
in either direction when trying to set the desired time of flight graduation on the 
time-train ring to the index line on the fuse body. This fuse wrench should not be 
used for setting the 21-second Frankford Arsenal fuse, model 1097-M (2-lug type), 
except in case the regular fuse setter is not available, as the operating is too slow. 
The fuse wrench may be used for setting 21-second F. A. C. fuses when fitted to shrap­
nel for broadside guns for which no fuse setter is provided.

THE HAND FUSE SETTER FOR 21-SECOND F. A. C. FUSES.

59. The hand fuse setter, Mark I, Figure 60, is a device for setting the 21-second 
F. A. C. fuses, model 1907-M (Mark IX or Mark XI, or Scoville Mark XI-1), to 
burst at the point desired for any given range. It consists of the following principal 
parts: Base, case, range, ring carrier, range ring, and corrector scale. The base 
carries the stop pin against which the fixed stop pin on the fuse body takes when 
the time-train ring is rotated clockwise to the proper setting. The case is screwed 
in the base and carries the corrector scale and wing nut for clamping the range-ring 
carrier in the desired position. The range-ring carrier has secured to it by four 
screws the reversible range ring.

(a) The range ring has marked on one face range graduations in yards for a 
muzzle velocity of 1,650 foot-seconds, and on the reverse face range graduations 
in yards for a muzzle velocity of 1,150 foot-seconds. The face with the 1,650 foot- 
seconds graduation is used for setting fuses to be fired from the 3-inch landing 
guns Mark IV and VII, while the face with the 1,150 foot-seconds is used with 
the 3-inch field gun Mark I Mod. 1. The range ring is located on the carrier by 
a dowel pin.

(&) The corrector scale is divided into six main divisions which are in turn 
subdivided into 10 smaller divisions, giving a total of 60 divisions of 1 mil each. 
The object in having the corrector scale is to enable the time or position of burst 
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to be varied without changing the designated range. The Field Artillery unit 
for such adjustments is the mil, and is equal to 1/1600 of a quadrant, angular 
measure. This is the graduation of the battery commander’s telescope and the 
panoramic sight fitted to our Mark VII landing guns, and is equivalent to approxi­
mately 1/1000 of the range. Hence, the value of the mil, in yards, changes with 
the range. The ideal point of burst to obtain the maximum destructive effect 
of a shower of shrapnel balls is generally taken to be at a height of 3 mils, or 3/1000 
of the range. To secure this point of burst, being given the range, turn the fuze 
setter handle until the required range is in line with the index, which has been 
set on the "30” mark on the corrector scale. A shrapnel fired after time setting

Fig. 60.—3" Hand Fuse Setter.

with the fuze setter thus adjusted should burst 3 mils high. If, owing to the 
terrain or to variation in the rate of burning the fuze train, it is desired to change 
this point of burst, the spotter simply orders the position of the corrector scale 
index changed, increasing the reading for a higher burst, or one nearer the gun, 
and decreasing it for a lower burst or one nearer the target, and the range on the 
range ring is reset opposite the corrector scale index. The setter is then ready 
for setting the fuse for the next shot.

(c) To explode the shrapnel on impact, or for safe transportation, the S on 
the range ring (of the fuse setter) should be opposite the 30 mark on the corrector 
scale. Great care should be taken that this setting is accurate.

28015—24------ 14
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(cZ) To use the hand setter, set the range and corrector scales at the range 

and correction ordered, and clamp; remove the weatherproof cover on the fuse 
by ripping off the soldering strip; place the fuse setter over the point of the 
shrapnel and turn the handle of the fuse setter in a clockwise direction until the 
rotating pin of the fuse engages in the notch cut in the range ring carriers. Then 
press the fuse setter firmly down and continue to turn in a clockwise direction 
until the fuse stop in the fuse setter base engages with the fixed stop pin in the 
fuse body and prevents further rotation. Special care must be taken to rotate 
the fuse setter in a clockwise direction.

60. As a drill for practice with the fuse setter, set range ring and corrector 
scale to reading given in the table below. Set the fuse with the fuse setter and 
compare the setting of the fuse with the time given below. Use a fuse on a 
shrapnel in making the test.

Range in
I yards,
1 hand fuse 
. setter.

Corrector 
scale.

Time in seconds on
fuse.

______

1,150 f. s. 1,650 f. s.

1
0 30.0 0. 00 0. 00

2,000 3.9 7.81 6. 66
1 3,750 45.0 11.86 10. 23

4. 500 30.0 15. 76 14. 30

61. Preliminary drill in setting fuses with the fuse setter (and fuse wrench) 
is essential to efficient serving of the gun in target practice or in action. It is 
desirable that this drill should be held with service ammunition so that the crew 
may gain the necessary experience in handling this ammunition. As the fuses 
are affected by prolonged contact with the air, however, the fuse covers should 
be removed from only as many rounds of ammunition as are absolutely necessary 
for the purpose of conducting fuse setting drills.

62. The hand fuse setter should be disassembled from time to time and thor­
oughly cleaned and oiled. To disassemble, remove the corrector scale, unscrew 
the clamp screw, remove the clamp shoe, remove plug, unscrew the base from the 
case, and withdraw the range ring carrier with range ring. Clean thoroughly, oil, 
and assemble in reverse order. To turn over the range ring, it is necessary to 
remove the four range-ring screws. Do not remove the small dowel pin. Do not 
remove the sliding index from the corrector scale, as small parts may be lost, and 
difficulty will be experienced in assembling. Care should be taken in assembling 
to see that the index lines on the under side of the casing and base are coincident, 
as otherwise an error will be introduced in the setting of the fuze. When not in 
use, the fuse setter must be kept in the leather box provided for this purpose.
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63. With the new requirements for rapid fuse setting for antiaircraft work,

a new type is required, as the Mark I is too slow. In using this type it is necessary 
to have the fuses set ahead of time by zones. Improvements on this type are 
now in the experimental stage which, when perfected, will permit adjustments to 
be made for varying angles of elevation, different scales being used for different 
guns. .

64. For special conditions in firing illuminating projectiles, see Ordnance Detonating
Pamphlet 389. fuse' ’

65. The details of detonating fuses as used in the service are not published 
as they are highly confidential. In order that the difference between an ignition 
fuse and a detonating fuse may be known, Figure 58 is included in this pamphlet 
showing how a detonating fuse may be made to function. The plunger, the primer, 
and the magazine are similar to the Semple base ignition fuse. The fulminate 
detonator is held in the central or run tube by the barrier gates. The chamber 
is empty and designed to hold the force of the explosion of the fulminate should 
it go off prematurely. The booster (see ch. 9) is contained in the chamber, and 
consists of picric acid, tetryl or recrystallized T.N.T.

66. When the gun is fired the plunger acts as in an ignition fuse. At the same 
time, due to rotation of the projectile, the barrier gates are thrown out against 
the springs by the action of centrifugal force and as the projectile is retarded the 
fulminate detonator creeps forward in the run tube until it is adjacent to the booster. 
On impact the primer cap is fired and- ignites the magazine, which transmits flame 
to the fulminate exploding it; thus detonating the booster, which in turn detonates 
the burster charge of the projectile.

67. A special type of fuse is used in flat-nose or cup-nose projectiles. It is 
the Mark VII, nose detonating fuse (Fig. 58). This fuse was adapted from a 
Russian fuse.

68. The fulminate detonator is held in the safety chamber. On setback 
the sleeve rides over the stirrup, so that on impact the detonator rod may go 
forward and cause the detonator to strike against the firing point, which is held 
firmly in place by a bridge, thus causing the fulminate to explode near the booster.

69. In order that a projectile may be followed in flight tracers are provided. Tracers. 
There are two kinds, the day tracers, as used in the 1-pounder automatic gun 
shown in Plate 8, chapter 11, and the night tracer shown on Plate 12. Certain
fuses have the tracers incorporated in the same fuse stock. Others are provided 
especially for target practice or for projectiles which use nose fuses. The general 
principles of all are the same. The larger number of tracers are fired by the 
action of the powder gases on a plunger. A cap is fired igniting the mixture. One 
type of tracer fuse is built on the principle of firing the primer cap by setback. 
Plate 16 shows the outline and marks of separate tracers issued to service. The 
details of the burning composition are not published.



PLATE XVI.

Outline of Tracers.
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TARGET TRACER. MARK I. TARGET TRACER. MARK IL

TARGET TRACER. MARK 11. MOD. 1. TARGET TRACER. MARK II. MOD. 2.

TARGET TRACER. MARK 111.

□

TARGET TRACER, MARK 111. MOD. L

(194)



Chapter XIII. 

PRIMERS.
1. A primer is a device for initiating the explosion of the propelling charge in prj ""r^lon of 

the chamber of the gun by means of a flame. When the propellant is ignited directly
from the primer action, the primer is called a “case” primer, as, in the ammunition 
in which this action occurs, the charge is always contained in a cartridge case. When 
the primer sets off an intermediate ignition charge which ignites the main propelling 
charge, it is called a “lock” primer, as it is always used in a firing lock attached to 
the gun. It was pointed out in the description of smokeless powder that each grain 
presents a hard, smooth surface without interstices, and that a flame causes a burn­
ing along the surface alone. It is necessary to have the flame endure for an appre­
ciable time in order to raise the temperature of the surface of the grain to the ignition 
point. This means that the whole charge must be bathed in flame for an appre­
ciable length of time before a sufficient chemical reaction has taken place to support 
the combustion without the aid of an outside agent. Smokeless powder is difficult 
to ignite unless the igniting flame is applied for an appreciable time, and this flame 
must be very hot. The heat conductivity of smokeless powder is such that a short 
or local application of heat, such as would happen if a spark were to touch it, would 
be dissipated without effect.

2. It is necessary to provide some agent which will supply the required hot ignition, 

flame and maintain it for a long enough period of time to permit the combustion
of the charge to keep the action going. In the search for a material, black powder 
presented itself as the one most suited for this purpose. It is ignited by heat and 
each grain has an interstitial formation which permits the flame to propagate more 
rapidly than in smokeless powder and, although its ignition point is higher than that 
of smokeless powder, its conductivity is considerably less and it ignites more readily. 
For this reason all smokeless powder charges are ignited by a black powder charge, 
either separately provided as the ignition charge, or as a part of the primer. As 
black powder is readily ignited either by heat, electric spark, friction, shock or by 
chemical reagents, it is then a simple matter to provide for igniting it. This is the 
function of the primer. The usual practice is to have the primer fire by percussion 
by means of a percussion cap, or by electricity by means of a heated wire. How these 
are accomplished will be described later. The train of action is, first, the firing of 
the primer cap or the heating of the wire, which is accomplished by closing the 
firing key; next, the ignition of a small primer charge of fine black powder, and then 
the ignition of the black powder ignition charge. The flame from the ignition 
charge causes a sudden elevation in the temperatures of a part of the propelling 
charge so that decomposition starts and combustion proceeds with the evolution 
of gases and heat. Types of prim.

3. The design of a primer proper is not affected by the amount of ignitioners" 
powder required, but is affected by the method of using she ignition charge. Thus
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for all bag guns the same design of primer fulfills the needs. For case ammunition, 
however, the ignition charge is combined with the primer and as the ignition charge 
varies with the powder charges, the design varies. The primer for a 1-pounder does 
not require as much black powder as one for a 4-inch gun. The case primer is 
therefore divided into different types, according to its uses. The case percussion 
primer is used in 1, 3, and 6 pounders and 3"/23 guns. This primer has insufficient 
ignition for a 3/z/50 gun, so more black powder was added as an ignition charge, and 
the case ignition percussion primer was evolved. A modification of this primer, 
so that it may function either by percussion or electricity and by the addition of 
still more ignition powder, makes it adaptable for all case guns above the 3"/50. 
All bag guns use the same type, the lock primer.

Manufact u r e 4. Primers are manufactured out of special primer brass, rolled out in solid rods. 
By means of automatic machines and turret lathes, these brass rods are machined 
to uniform dimensions for the primer stocks. The smaller parts are likewise made 
by automatic machines. The percussion element consists of a copper cap containing 
a special cap mixture of the following composition: 35 per cent fulminate of mer­
cury, 35 per cent chlorate of potassium, and 30 per cent sulphide of antimony. This 
mixture is sensitive to shock and when exploded gives a sudden blow and an 
intense flame of very short duration, which, acting on a small charge of black powder, 
starts the ignition. Percussion fire only is provided for 3"/50 guns and below, and 
combination fire is provided for all other guns. This division is made on account 
of the requirements for assembly, the use of guns, rapidity of loading, and necessity 
of salvo firing. Percussion fire is required for all large guns in case of a failure to 
fire electrically.

riDmerlnatl011 of ^he following table shows the primers in use in the service:

No. Type. Mark. Use.

1 Case percussion.................................... X and mods............ 1, 3, 6 pounder 3"/23.

2 Case percussion ignition.................. XIV............................ 3'750.

3 Combination ignition....................... XIII........................... 4"/50 and up.

4 Lock (combination)............................. XV, XV-1................. All bag guns.

5 Case percussion.................................... XVII.......................... Davis gun only.

6 Lock (electric drill)............................... XVI............................ For test oniy.

Drill primers. (j. There are certain other types of primers still to be encountered in service, 
not listed above, which have been designated as drill primers. They are simple 
electric, simple percussion, or especially designed for drill purposes. It is to be noted 
that primers issued for drill purposes are for use in testing firing circuits. The general 
rule is to allow 100 per bag gun per year. In addition 10 service primers are allowed
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PLATE XVII.

- - - - - - - - PRIMER CAP
- - - - - - - - EXPLOSIVE MIXTURE
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PRIMER CHARGE- - - - -
PRIMER STOCK

F1G.1. CASE PERCUSSION PRIMER.MARK X.MOD. 4.

PRIMER STOCK EXTENSION -
- - - - - - - - - - PRIMER STOCK PLUG
- - - - - - - - - - PRIMER STOCK
- - - - - - - - - -  PLUNGER

- - - - - - - - - EXPLOSIVE MIXTURE
- - - - - PRIMER CAP
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FIG.2. CASE PERCUSSION IGNTTfON PRIMER.MARK XIV.

PRIMER STOCK EXTENSION PLUG— 
MAD- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
PRIMER STOCK EXTENSION WRAPPING 

PRIMER CHARGE .
IGNITION CHARGE
IGNITION TUBE WRAPPING
IGNITION TUBE

Case Percussion Primers.



197
per year for the same purpose. Drill primers should not be useu for firing either 
target practice or full charges, except in an emergency.

7. The Mark X Mod. 4 primer is shown on Plates 17 and 18—(Buord drawing 
54228). The explosive mixture in the primer cap is shown resting against the anvil. 
The flame from the exploded cap passes through the case orifice and ignites the black 
powder of the main primer charge when the firing pin drives it in.

8. The Mark XIV primer is shown on Plates 17 and 18—(Buord drawing 44527). 
It differs from the previous type in that the ignition charge is contained in the primer 
stock extension. The primer cap is struck by the plunger and driven against the anvil, 
discharging the flame from the exploded mixture into the ignition tube in which 
is placed 3| grains of loose, fine black powder. The ignition tube extends down into 
the primer stock extension and is surrounded by the ignition charge of 110 grains 
of fine black powder. To permit a ready access to the ignition charge, the igni­
tion tube has a number of perforations which are covered by paper held in place 
by shellac, and which are blown out by the charge in the ignition tube, setting off 
the ignition charge. The primer stock extension is similarly perforated and has 
its inner surface covered with two thicknesses of paper held in place by shellac. 
The ignition charge is thus placed in the center of the propelling charge and ignites 
the powder grains by the flame which emerges from the perforations of the primer 
stock extension. This primer is for percussion fire only.

9. Plate 56 (appended)—(Buord drawing 36392) shows the assembly of a Mark 
XIII case combination ignition primer. It differs from the case percussion ignition 
primer in that it has the electric firing element added and it contains a larger ignition 
charge. The percussion element and the assembly of the ignition tube and ignition 
charge are the same as with the Mark XIV, except the 110 grains is increased to 
265 grains of fine black powder. The main difference comes in the electric firing 
device. The percussion plunger is insulated from the stock, as is the plunger cup. 
A platinum wire bridge is soldered in place, connecting the plunger cup and the 
primer stock, so that this part of the circuit is made through the bridge from the 
firing point, touching on the plunger, to the primer stock, cartridge case, and gun. 
A small wisp of guncotton is wrapped on the platinum wire and the cup is filled 
with fine black powder and pyrocellulose. For percussion fire the action is the 
same as for the primer described above. For electric fire, when the circuit is closed, 
the resistance heats the bridge, fires the -wisp of guncotton, and burns the small 
charge around it, ejecting flame into the ignition tube and firing the primer.

10. Plate 56 (appended)—(Buord drawing 44450) shows a lock combination 
primer Mark XV. It is a combination primer and in all respects is the same as the 
previously described primer as far as the percussion and electric elements are con­
cerned. The primer charge consists of only 30 grains of black powder. The end is 
sealed by a metallic seal slotted to permit the discharge of the hot gases and flame 
through the vent and against the ignition charge of the powder bag.

11. The Mark XVII primer is similar to the Mark X, except as to size; and the 
Mark XVI is similar to the Mark XV, except that it is not intended for service use 
and should not be used in firing a full service charge.
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Chapter XIV. 

ASSEMBLED CHARGES.
1. Ammunition as issued to ships is prepared in all respects for use and does sei1ss.sues to ves 

not require any work to be performed on it aboard ship, except for setting of time
fuses and assembling of saluting charges. The Bureau of Ordnance obtains all the 
component parts from Government plants or from private manufacturers, except 
wads, distance pieces, tags, paints, luting, and similar materials which are obtained 
by ammunition depots on requisition and prepared for use. Ammunition details, 
powder, projectiles, fuses, tracers, explosives, cartridge cases, tanks, and boxes, are 
distributed by the Bureau of Ordnance among the ammunition depots in accordance 
with plans for the ultimate distribution of assembled charges to ships. Orders for 
the assembly and issue of ammunition originate in the Bureau of Ordnance, based 
on the requirements for service and target practice uses. A careful check on each 
ship’s ammunition is made from the various reports received, in accordance with Navy 
Regulations, and from a consideration of her allowance list and target practice 
requirements, as set forth in the orders for gunnery exercises. Ships desiring 
additional ammunition or desiring to turn in ammunition, except for temporary 
storage, shall refer the matter to the Bureau of Ordnance. Vessels or stations 
desiring ammunition obtain it from the bureau by a request in letter form. Am­
munition depots are authorized to issue only certain materials, such as small arms, 
etc., to vessels direct, and then only to fill allowances.

2. Ammunition depots report the amounts of all details on hand to the bureau ord™s‘unlt 10 
yearly, and thereafter whenever a change occurs, so that when it becomes necessary
to provide a ship with ammunition, exact specifications of the order may be sup­
plied the depot from the latest information on hand. In preparing an order in the 
bureau, the index of the powder is selected, the projectile, fuse, primer, and pro­
jectile filler are specified, having due consideration for the armament of the ship 
and the use to be made of the ammunition. A very careful check is made of all 
details of the order by several officers and clerks, in order to prevent errors creeping 
in. This system requires a centralized organization, due to the fact that the latest 
information regarding batteries, requirements, proposed changes, contemplated 
movements of ships, and materials available at the various depots is better known 
in the bureau than elsewhere.

3. When an order is received at a depot, it is checked by the inspector, the derS’nd,lnK 0 
ammunition officer, and the ammunition clerk with the records at the depot to
insure that the weight of charge agrees with those previously assigned and the am­
munition is suitable for the battery of the ship for which ordered. To allow for
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this check, each ammunition depot is kept informed of all changes in assignments 
of powders and of all ship’s allowances. The ammunition order is then made out 
as a job order at the depot, this order specifying in detail the work to be performed. 
The details, which are stowed in separate magazines and storehouses, are then pro­
vided and arranged in the filling house to be used. All preliminary work which 
can possibly be done on the details is performed before the actual assembly, such 
as the printing of tags, stenciling of boxes, inspection of cases and containers, 
cleaning, gauging of projectiles, etc.

4. Before loading projectiles, they are cleaned, inspected, gauged, and the ^Loading pro­
interior of cavity given a coat of cebaline or similar paint. At the same time the 
fuses are inspected and gauged. The data required in chapter 18 is then stamped 
on the rotating band or base of the projectile. To load with black powder the 
projectile is placed nose down in a holder, a copper funnel inserted in the base, and 
the required amount of black powder is poured in. The powder is settled by a special 
settling table, which gives a bumping motion to the projectile carrier. A wooden 
former, the shape of the fuse, is then forced gently down, making a cavity the exact 
size of the fuse, the funnel having been removed. The fuse threads are then cleaned 
with a small brush dipped in alcohol, and the fuse, on the threads of which a luting 
has been applied, is then entered and screwed home. The final setting home of 
the fuse is done in a room barricaded from the other operations by a concrete wall.
A special fuse wrench, or fusing machine, is used for this purpose.

, 5. Unfusing of projectiles is governed by special instructions.
6. Certain piojectiles are loaded with a mixed filler. This is black powder and Mixed finer, 

granular T. N. T., or black powder and explosive “D.” Black powder alone is 
insufficient for giving a good fragmentation to the present tough common projectiles. 
If a high explosive is used, a detonating fuze will be required and the fragmentation 
will be such that the pieces are too small to do any real damage. A happy mean is 
obtained by using a mixed filler with an ignition fuse. One half by weight of T. N. T. 
or “ D ” is placed in the cavity first, and the projectile bumped, and an equal amount 
of black powder is then added. The other operations are the same as when loading 
with black powder alone.

9. Two other methods of loading explosive charges in projectiles are used, that pressed 

of compressing the charge or of casting the charge. Certain high explosive projec­
tiles are assembled with compressed or cast T. N. T. charges. In the latter case 
the T. N. T. is melted and poured in, and when cool a fuse cavity is drilled out. 
Armor-piercing projectiles are loaded with explosive “D, ” under high pressure, in 
special power presses. The fuze cavity is made by a former fitted to the rammer 
head. Shrapnel and illuminating projectile loading are treated in chapter 10.

8. In assembling case ammunition the first step, after the gauging and inspection ^Case ammuni- 
have shown that the cases are satisfactory, is the priming. For ammunition from 
1-pounder to 3"/23, the case percussion primer is used. This is of the so-called 
drive type and is assembled in a press which forces the primer into the orifice in 
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the cartridge-case head. This operation is very simply performed by a small press, 
usually operated by foot; 3"/50 cartridge cases take the case percussion ignition 
primer, which is screwed into place. This operation is done in a machine power 
or hand operated. Cartridge cases above the 3"/50 take the case combination 
ignition primer, which is also a screw primer, and which is assembled in the same 
way as the percussion ignition primer. Before assembling primers, a number 
from the lot to be used are tested in a primer-testing machine, to make certain that 
they will function when struck a blow of predetermined force. In this way doubtful 
lots, or any found to have deteriorated in storage, are eliminated. This method 
does not, however, test each individual primer for the percussion test, as such a 
precedure is not practicable. Consequently an occasional primer may be encoun­
tered which fails later, but considering the number used yearly the percentage 
of failures is negligible. The powder charge is weighed out in carefully adjusted 
scales, which are checked hourly with check weights frequently tested by the 
Bureau of Standards, and dumped into the individual cases. A wad is then entered 
and this is followed by a distance piece. The distance pieces are specially cut for 
each weight of charge, so that the entire space in the case will be taken up and the 
powder will not get away from the primer. These are not used, however, for anti­
aircraft ammunition, due to the danger from jams. The cases are then removed to 
the projectile-loading machine, where a projectile, after it has been loaded and 
painted, is entered in each case and. then forced into place in a press. The car­
tridges are then tanked or boxed and are then ready for shipment. The powder 
index number is stenciled on the cartridge cases before loading and a tag is put in 
with the charge giving the necessary information regarding the loading.

Bag charges. 9. preparing bags for charges, the following materials are used, silk car­
tridge-bag cloth, silk lacing, silk thread, and black powder. The cartridge-bag cloth 
is pure silk without the admixture of any other material whatever, except the sizing 
for the yarn. Only sufficient sizing as is absolutely necessary is used. It is sodium 
or aluminum silicate or sulphate. The cloth is plain single or double basket weave 
and must pass certain required trade tests. Two grades are used, the heavy for the 
body of the bags and the light for the ignition ends. The silk lacing is made of 
pure spun silk, woven, and must not fray or ravel. Standard silk thread is used in 
stitching the bags together.

ignition ends. 10. The ignition ends are made up first, and sewed to the bags afterwards. 
In preparing ignition ends, circular pieces are cut of the light-weight silk, some plain 
color and some dyed red. A plain color and a red are then taken and stitched 
together around the periphery, except for a small space for filling. The remaining 
operations are done in a special so-called “quilting house,” as there is some risk at­
tendant on the operation. The bag formed by the ignition end is filled with the 
proper amount of black powder and the opening stitched together. The pad is 
then placed under a special sewing machine, the charge smoothed out and evenly 
disposed before the quilting operation is started. By using a broze needle this 
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operation is made safer. The quilting holds the powder in place uniformly distrib­
uted. The ignition ends are then sewed into the bags, which have been cut and 
sewed up, and the whole bag is stowed in air-tight containers for transportation and 
storage.

11. Bag charges are either stacked or loose. It will be noted that the sizes of Assembly of 
charges are fixed as to length. It is important, for the purpose of obtaining ba'gs' 
uniform velocities, that the charge should always be disposed in the chamber the

R
I

Fig. 61.—Loose and Stacked Section of I4Z/ Charge.

same way. The general rule is that the total length of the sections, placed end to 
end, will be about 4 inches less than the length of the powder chamber. This rule 
does not hold in all cases, due to the length of the powder tanks. In assembling 
loose charges, the powder, after being weighed out and checked, is dumped in its 
bag; the bag is then rolled and laced tightly in order to make a compact package. 
A tag is laced in the packet of the bag giving the details of the loading. The 
sections, after gauging for size, are then put in tanks on which a clean piece of 
wrapping paper has first been placed.
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12. With large charges, loose packing has been replaced by stacked charges. 

Stacking places the powder grains on end in layers in such a way that a tight, com­
pact charge is obtained. The result makes it easier for the loading crews, a smaller 
charge for handling, and a longer life to the bag, as there is less chance for the sharp 
edges of the grains to cut the cloth, as the charges chafe in the tanks, due to the 
motion of the ship. Stacking is done in a special machine. Plate 19 shows the 
type in use at the naval ammunition depot at St. Juliens Creek. Figure 61 shows 
a loose and stacked section of a 14-inch charge. For loose charges a small opening 
is left in the end of the bag-filling, this opening being stitched up after filling. With 
stacked charges the end is left off, as the bag .must be pulled over a brass cylinder 
which holds the powder grains. The end is sewed in place afterwards by a special 
sewing machine. Stacked charges are also laced up to make them more compact. 
The arrangement of rows and number of grains in a row is so fixed that the finished 
section will have the length fixed by the table in Chapter 11. This arrangement 
differs with each index and is found by actually loading a test charge.

13. All operations requiring the exposure of powder to the atmosphere are 
carried out only when standard hygrometric conditions obtain. To insure this, 
psychrometer readings are taken frequently and work is discontinued when condi­
tions are unsatisfactory, unless dehumidifying systems are installed in filling houses. 
By taking such precautions the ballistic regularity of the powder is not affected. 
Powder is always screened and sorted when weighed out, in order that powder dust, 
chips, and broken grains will not be included in the charge.



Chapter XV.

MISCELLANEOUS AMMUNITION.

1. Small arms ammunition includes the following: Typesof small

30 caliber gallery, 1898, for gallery use in Krag rifles.
30 caliber gallery, 1919, for gallery use in Springfield rifles.
30 caliber dummy, 1898, for drill use in Krag rifles.
30 caliber dummy, 1906, for drill use in Springfield rifles.

Note.—The dummy cases have four perforations and are empty.
30 caliber blank, 1898, for ex-caliber use in Krag rifles.
30 caliber blank 1909, for 1903 and 1917 rifles for use with rifle grenade fitted with 

a stem.
30 caliber special tracer 1906, for model 1917 and 1918.
30 caliber ball 1906, Class A-l and A-2, and B-l and B-2.
30 caliber ball, 1918, for subcaliber in Krag rifle.
45 caliber ball C. A. P., for Colt automatic pistol.
45 caliber ball revolver.
38 caliber ball C. A. P., for automatic pistol.
38 caliber ball revolver, short or long, with black powder or smokeless powder.
38 caliber blank for revolver.
38 caliber, dummy, for revolver.
32 caliber ball for automatic (special for certain shore guards).
22 caliber ball for 22 rifle for Morris tube.

2. Small-arms ammunition is obtained from the Ordnance Department of the issue of small­
. . ... in* arms ammunl-

Army. It is issued by ammunition depots on order from the Bureau ol Ordnance Hon­
or on request of a commanding officer only for the purpose of filling allowances. 
When a request is forwarded to an ammunition depot, it should contain a statement 
that the material desired is "to fill allowance.” Ammunition depots and ships and 
shore stations shall issue small arms for use from the oldest stock on hand, having 
regard for the conditions under which the ammunition will be fired and the division 
into classes and grades explained later. Care shall be taken not to break open 
air-tight small-arms containers unnecessarily and in excess of the immediate require­
ments. All boxes are hermetically sealed and when broken open and returned to 
storage more rapid deterioration of powder results and cases and bullets become 
foul with verdigris. Special stowage arrangements are required for small arms as 
explained in chapter 17.
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Care in hand- 3. Considerable difficulty is experienced at naval ammunition depots due to 

ships turning in small-arms ammunition partially or totally unfit for reissue. The 
following conditions are reported:

(a) Large numbers of boxes broken open and air-tight seals broken.
(Z>) Cartridges in clips with no bandoliers.
(c) Cartridges in wet bandoliers.
(d) Cartridges and clips corroded.
(e) Large quantities of loose ammunition not capable of being identified.
Ammunition depots can not handle this material economically, and, as a 

result, a considerable amount is a financial loss. These conditions can be avoided 
by care in issuing and stowing small-arms ammunition.

4. The Bureau of Ordnance follows the practice of the Ordnance Department 
of the Army in identifying small-arms ammunition; 30-caliber small-arms ammuni- 

rades“es and tion is divided into classes to show the method of packing and use. According 
to the latest practice five classes are used, designated by the symbols, “A-l,” 
“A-2,” “B-l,” “B-2,” “C-l.” The letter “A” indicates “Packed in cartons.” 
The letter “B” indicates “Packed in clips and bandoliers.” The letter “C” 
indicates “Packed in expendable belts.” The grades are indicated by the numerals 
1, 2, and 3. Grade 1 is ammunition of the best quality in service and may be 
expected to stand storage for several years without deterioration. It should 
be expended only when no grade 2 is available. Grade 2 represents ammunition 
of a good quality at the present time, but with indications that it will deteriorate 
more rapidly than grade 1. It should be used up for current issue before using 
grade 1, and should not be issued to foreign stations or to ships leaving for extended 
cruises. It is most desirable to use this grade up and retain grade 1 for future 
requirements. Grade 3 contains all unserviceable ammunition and is not issued to 
service.

A-l.—Special ammunition packed in cartons for aircraft use. This class is 
especially selected under stringent requirements, and is given a 10 per cent gauging 
test for such defects that might in any way affect its functioning in aircraft machine 
guns. Only this class will be issued for use in synchronized machine guns to be 
fired while in flight, as it has been tested for hangfire to determine its desirability 
for use.

A-2.—For machine guns, packed in cartons, for general use except for syn­
chronized guns and foreign stations. This class will be issued before class A-l.

B-l.—Machine gun (except for aircraft) and rifle ammunition, packed in clips 
and bandoliers. Service ammunition should be supplied from this class.

B-2.—Rifle ammunition, packed in clips and bandoliers, for general use in 
rifles to be issued for current use before using B-l for rifle use. All target-nractice 
ammunition will be taken from this class.

C-l.—Machine-gun ammunition, packed in expendable belts. This ammuni­
tion corresponds to class B-l.
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5. The markings on small-arms containers is shown on Plates 20 and 21. Boxes 

having only the following marks, “ For aircraft or any other use, ” and “ For aircraft 
use only,” will be used as B-2 ammunition. Certain ammunition marked B-l and 
B-2 may give sufficient hangfires to make its use in rifles dangerous. It may, 
however, be safely used in machine guns. When information of this condition is 
received, the boxes shall be remarked “B-2 for machine gun use only.” The 
Bureau of Ordnance will issue circular letters as information is received, giving 
details of the transfer of lots of stnall arms from one grade to another. When 
information is received that any lot is designated as grade 3, it shall be turned in 
to the nearest naval ammunition depot for replacement by serviceable ammunition, 
as may be necessary.

6. Instructions regarding the care in returning empty cases is given in chapter Speclal usea- 
1. It is to be noted that a special blank cartridge is required for use with a rifle
light and service 30-caliber ball cartridge with a rifle grenade. All incendiary 
ammunition has recently been withdrawn from service. Tracer ammunition is used 
in machine guns. Armor-piercing projectiles are designed for aircraft use only.

7. Shotgun ammunition of standard commercial quality is supplied for training am"
aviators. It should be given the usual care of this class of material. Ten and twelve
gauge sizes are obtained. The 12-gauge ammunition has 3| ounces of 7| chilled shot 
and is loaded in accordance with the usual commercial practice with infallible, 
ballistite, or a similar powder. A special class of 12-gauge ammunition is supplied 
for shotguns loaded with 00 buckshot for use of guards at prisons, radio stations, 
and certain other naval stations. Under no circumstances should a Very signal be 
fired from a shotgun.

8. Torpedo impulse charges are made up aboard ship by using the sphero- Torpedo im-
hexagonal powder (shipped in bulk) in the impulse cases provided. Plate 22 '
shows the torpedo impulse cartridge case. The amount of powder to be used is 
determined for the different sizes of torpedoes and issued to the service for the 
information of those requiring it. A lock primer is used for igniting the charge.
Great care should be taken to keep the spherohexagonal powder containers air-tight, 
the loading done without wetting the grains, and the cartridges thereafter, until 
fired, properly protected from moisture. Black powder is hygroscopic in its action 
and rapidly becomes useless with the addition of moisture. Torpedo impulse cases 
should be thoroughly cleaned after firing, as the residue will cause corrosion.

9. Formerly black cubical and spherohexagonal black powder of an old design p^Timpuise.01’ 
was used for torpedo impulse charges. A new spherohexagonal powder, correspond­
ing closely to the old design, has been obtained, but the old will be issued until 
exhausted. The latest powder has been found to have somewhat different ballistic 
properties from the old and the two will not be mixed. 0.25 of a pound of the new
powder is approximately 32 pieces; 0.4 of a pound 51 pieces, and 0.6 of a pound 76 
pieces.
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i-gun marges. 10. Y-gun charges are made up in standard 3-inch landing-gun cartridge cases

with case percussion primers, Mark X, and the proper weight of the new sphero- 
hexagonal powder mentioned above (Plate 23). The cartridges are similar to blank 
cartridges, having a hair-felt wad about an inch thick on top of the powder and a 
cork plug on top of the wad. Distance pieces are used if required. The cork plug 
is then shellacked. Cartridges are issued in standard ammunition boxes or special 
Y-gun ammuhition boxes, marked with one of the following legends:

No. 1 charges for Y gun, 1 pound, 50 yards range.
No. 2 charges for Y gun, 1| pounds, 72 yards range.
No. 3 charges for Y gun, 2 pounds, 93 yards range.
11. Saluting ships are issued an allowance of saluting cartridges (usually 

3-pounder or 6-pounder), and also a supply of powder, primers, felt wads, and cork 
plugs for the preparation of additional charges on board ship as may be required.

instructions 12. The following instructions regarding the preparation of saluting charges 
for the prepara- . . . . „ . . , . 5 , , ,
tion of salutin'? are issued tor the guidance ot ships and ammunition depots and must be strictly 
ammunition. x . <> ■,

complied with, lhe ammunition details required tor the preparation of these 
charges are issued to ships from the depots, and none but the authorized details may 
be used. The use of nonstandard primers, paper wadding, homemade plugs, etc., 
is forbidden.

ifesr 1 r 1 d 6 e Saluting cases are similar to service cases except that they are shorter, having
the bottle neck cut off. They are ordinarily manufactured at the depots from 
service cases which have splits in the neck or other slight defects which render them 
unsuitable for service use. Before assembling, the cases should be carefully inspected 
to see that they are in sound condition and thoroughly clean and dry. They should 
also be tested by trying them in the gun to determine that they have not become 
deformed. Any cases which are damaged or which do not fit in the gun should be 
laid aside for return to a depot at first opportunity.

(&) Saluting cartridges for 1, 3, and 6 pounder guns and for 3-inch field and 
landing guns are primed with standard minor caliber cannon primers. After in­
spection and before loading the charge, the cases are primed. It is preferable not 
to prime cases until just before they are to be loaded. Primers should not be ham­
mered in place, but should be pressed in, using the “repriming tool” shown on Ord­
nance drawing 41272. At least one of these tools is allowed each saluting ship. 
Care should be exercised that the primer is flush with the face of the cartridge case; 
if it is sunken in a misfire is likely, while if it protrudes a premature explosion may 
result. Cases should not be primed in the same room with black saluting powder 
or assembled charges. .

(c) Standard black cannon powder is issued to ships in bulk in drums or tanks 
for use in the preparation of saluting charges. After priming, the cartridge case 
is filled with black saluting powder to within about If inches from the top. Imme­
diately before loading the case should be inspected and thoroughly wiped out and 
freed from moisture before the powder is loaded. The powder is loaded directly in
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the case with the funnels provided, and special care should be taken not to spill 
any of the powder about, as this may become a source of serious danger. The 
normal weight of charge for the 3-pounder and 6-pounder saluting cartridges is 
about 1 pound, but it is preferable to fill the saluting cases furnished up to within 
If inches of the top, as specified above, rather than to attempt to load in a specific 
weight of charge. .

(d) After loading the charge, as directed above, a hair felt wad about 1 inch 
in thickness and | inch larger in diameter than the mouth of the case is placed 
directly on top of the powder. These wads are specially manufactured and issued 
for use in the preparation of saluting cartridges, and are for the purpose of pre­
venting fine grains of black powder from passing the wad. No substitute is 
authorized. Care must be taken that no grains of powder are left above the hair 
felt wad. On top of the hair felt wad is placed a cork plug specially furnished for 
the purpose. The cork plug should seat firmly on the hair felt wad, should be a 
tight fit in the mouth of the cartridge case, and when seated in place its top should 
be slightly below the upper edge of the cartridge case. Finally, the exposed surface 
of the cork plug and the inner edge of the cartridge case should be covered with a 
thick coating of shellac.

Note.—No- great force should be used in pushing the cork plug into place, as 
pressure may force the primer out; if the cork plug will not enter readily, the felt 
wad should be taken out and some of the powder removed.

(e) Saluting ammunition should be prepared under the direct supervision of 
the gunner or other responsible officer, and before use should be critically inspected 
to determine the primers and plugs are properly seated, that the mouth of the case 
is properly shellacked, and especially that no grains of powder are adhering to the 
cartridges. When saluting, ammunition is prepared on board ship, new tags will be 
placed on the ammunition boxes, giving the initials of the gunner or other officer 
who supervised the work.

(f) As soon after firing as practicable, the fired primers should be removed 
from the cartridge cases by means of the decapping tool shown on Ordnance drawing 
17410. The cases should then be thoroughly washed in a strong solution of lye or 
soft soap to remove all powder residue, and, after washing, thoroughly rinsed and 
then dried.

(g) An efficient solution for washing cartridge cases may be prepared by using 
ingredients in the following proportions: One gallon of water, 2| ounces of soft soap, 
5| ounces soda. The mixture should be boiled and stirred until the ingredients are 
entirely dissolved. This solution should be used hot and in sufficient quantity to 
completely immerse the cases.

13. “Signal-gun charges” are occasionally issued for 3"/50 and 4"/50 guns 
for special purposes. These charges are put up in shortened service cartridge cases, 
and in general their method of assembly is similar to that described for saluting 
charges. These and other special blank charges will be issued to ships as required 
from ammunition depots and will not be prepared on board ship.
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Stokes mortar 
ammunition.

Variable pro­
pellant charges.

14. When empty, black-powder tanks and drums should be returned to a 
depot at first opportunity. Particular care must be taken that such empty drums 
have no black powder left in them.

15. Case charges assembled with mouth plugs and using black powder shall 
have the plug firmly fixed in place. In case of continued use, as in firing a salute, 
if mouth plug drops out, there is danger of igniting a part of the charge from the 
hot chamber and causing a premature explosion.

16. ̂ The projectile for the Stokes trench mortar differs from ail ordinary pr 
jectile in that it contains, besides the fuse and burster charge, the propelling charge 
and cartridge. The firing pin is in the bottom of the barrel and when the projectik 
is dropped in with the cartridge edge down the cartridge cap strikes against the 
pin and fires. The projectile, Plate 24, consists of the projectile proper, whirl 
includes the burster charge and fuse. The cartridge container is attached to the 
projectile and holds the cartridge, which is a 12-gauge shotgun shell. The cartridge 
container has radial holes for escape of gases and to allow the ballistite rings, whicl 
are a part of the propellant powder charge, to become ignited.

17. To increase the range over that given by the cartridge alone, ballistite 
rings containing 100 grains of ballistite are used, either one, two, or three at one 
time. Never more than three rings are to be used at a time and this number only 
in cases of necessity. The following approximate ranges are what may be expected:

Yards.
Minimum, cartridge alone.............................................................................................  100
Maximum, cartridge alone.............................................................................................  300
Maximum, cartridge with one ring...............................................................................  430
Maximum, cartridge with two rings.............................................................................. 575
Maximum, cartridge with three rings............................................................................ 740

18. In firing a Stokes mortar the following precautions should be observed:
(1) See that the upper and lower flanges of projectile are clean.
(2) The cartridge must be a snug fit in the container.
(3) All oil must be removed from the bore.
(4) Never use more than three ballistite rings.
(5) Check position of mortar after firing.
(6) Remove safety pin from fuse just prior to loading. Misfire may occur 

from:
(a) Bad cartridges.
(&) Loose firing pin.
(c) Dirty flanges on projectile.
(d) Dirty bore.
(e) Bent cartridge container.

For information regarding burster charges, see chapter 8, rifle grenade.
Rifle grenades. 19, The rifle grenade fits in a special discharger attached to the muzzle of the 

rifle. When^a regular service cartridge is fired, the projectile hits the striker,
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which fires the primer and ignites the fuse. The grenade is ejected by the powder 
gases with a velocity sufficient to carry it 300 yards. Another-type-net-issuetl had-a 
stem which fitted the-bore. A-special blank cartridge wasusedwithrthis-type^—the 
pressure-of-the-gases-projeeting-the grenade a maximum distance o£ 350-y-ard&;—The 
range is-regnjated by the distance-the stem is inserted in th&bore.

20. The^rifle grenade, Figure 62, is approximately 2| inches in length by 2 
inches in diameter and weighs, when loaded ready to fire, 17| ounces. The body 
is divided on the inside surface into 40 parts by deep grooves in order to insure' 
proper fragmentation. The grooves are usually on the outside of grenades, but on 
account of the discharger used in firing the V. B. grenade an inside division by

Fig. 62.—Cross Section V. B. Rifle Grenade.

grooves is necessary, so that a close fit may be secured between the outside of the 
grenade and the discharger, thus allowing the gases from the cartridge to exert a 
maximum pressure on the base of the grenade in propelling it. If the grenade were 
grooved externally, the gases would escape through the grooves and most of the 
pressure would be lost.

21. The central tube and the lateral tube are expanded into the machined holes 
of the body, the central tube having its ends beveled on the inside to permit the free 
passage of the bullet. The walls of the lateral tube are made thin at the point 
which surrounds the detonator to insure its bursting when the detonator explodes. 
This tube is carefully reamed at the upper end to a size that will insure a tight fit 
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with the fuze container and its lower end is tapped to receive the screw plug which 
holds the detonator in position by means of the intervening soft rubber cup.

22. The fuse container is provided with a hole for the primer, a loading hole in 
the top through which the meal and loose powder are inserted, and a vent opposite 
the primer. After loading the fuse the loading hole and vent are plugged with 
wax plugs to protect the powder train. These plugs are blown out by the explosion 
of the primer, thus affording an ample vent for the gases from the fuse and prevent­
ing a premature bursting of the grenade, which would be caused by the gases 
reaching the detonator. The fuse container, which is machined on the lower end 
to a size which will allow the upper end of the detonator to fit over it, is forced into 
the lateral tube through the hole in the end of the striker, and thus holds the latter 
in position. The striker is punched from sheet steel.

23. One end of the detonator is left open. This end is inserted in the lower end 
of the lateral tube and overlaps the lower end of the fuse container. The rubber 
cup is then placed over the lower end of the detonator and both parts are held in 
position by the screw plug. This arrangement of the detonator at the top and the 
rubber cup at the bottom prevents the detonator from receiving any shock from the . 
plug end or by being in too close contact with the walls of the lateral tube. It is 
entirely a safety device.

24. The grenade is loaded with the main charge through the loading hole 
and protected by the filling plug.

25. The discharger, rifle Mark IV, is the only discharger issued to the 
service. It is for use on the Springfield 1903 rifle and is to be used for both 
the rifle lights and the V. B. rifle grenades. It consists of a hollow stem, arranged 
to fit snugly over the muzzle of the rifle, surmounted by an enlarged hollow cylinder 
into which the grenade or rifle light is placed. The Ordnance Department of the 
Army has several types of dischargers, but none other than that described herein 
should be used on the 1903 Springfield rifle. The discharger is fitted on the muzzle 
of the rifle, a grenade is put in the discharger, and the rifle loaded with an ordinary 
30-caliber ball cartridge. The rifle butt is placed on the ground or deck and pointed 
in the direction it is desired to fire. The grenade is now ready for firing. On 
firing the cartridge the bullet passes through the barrel of the rifle and through 
the central tube, forcing the striker against the primer. At the same time the 
gases from the chamber collect in the chamber of the discharger under the grenade 
and eject the latter from the discharger. The explosion of the primer ignites the 
fuse, which is timed to burn eight seconds, when it explodes the detonator and 
this detonates the main charge. It is recommended that grenades be fired singly.

26V>The dummy grenade is an iron casting with a hole through the center 
to represent the central tube of the live grenades. The weight is the same as the 
service grenade and is used in the same manner as the latter.

Service cartridges are not to be used with rifle lights in the discharger._______

(b) The V.E. rifle grenade has oeen withdrawn from 
issue At the piefent tlw no high explosive rifle Sre 
nades are available.
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Hand grenades. 27. A hand grenade is a form of projectile thrown by the hand instead of 
by a gun. In a great number of grenades used the so-called Mills method of 
operation is employed. This principle involves the use of a lever which lies close 
to the body of the hand grenade and parallel to its longitudinal axis. Several 
types are made, but the only type to be used by the naval service is the offensive 
grenade. Figure 63 shows the construction. The body is a tube of laminated 
paper, wound spirally, about fa inch thick, and made in two parts, an inner 
and outer shell. The inner shell is impregnated and coated with paraffin. The 

Fig. 63.—Hand Grenade.

entire body is then waterproofed. The top is metal—a lead alloy—and the bottom 
paper, both crimped in place. The firing mechanism, called the bouchon assembly, 
is screwed into the top. The bouchon assembly consists of the firing mechanism 
fuse and detonator. The bouchon is a lead alloy die casting, the striker rotates 
around the hinge pin by means of a spiral spring wound on the hinge pin 
The striker is held down against the striker spring by the lever, which is a sheet 
metal stamping with a hooked lip to fit over a lug on the bouchon, and with two 
flanges pierced by holes for the split pin, which also passes through the bouchon. 
The primer is of a standard center type, similar to a 22-caliber, and is held in the



Pam 217, ^wagraph 29 - Cross out and subs titute 
the following:-

"Grenades and Pu.sc assemblies except as spcciiiod 
arc shipped sejr.ramly and am to Im assembled when de­
sired lor use. In. rhe latest; standard defensive hand 
grenade (loaded with P.O. powder) the fuze and ignition 
assembly is issued assembled in rhe grenade therefore 
no field assembly is required. In other types suffici­
ent space in rm body is provided to permit assembly of 
th e f ir i ng me cli.ani sms. "
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bouchon by being pressed into place. A water cap covers the primer. The fuse 
is a piece of Bickford fuse with a fast composition on top and at bottom is the 
detonator. The fuse is timed to burn five seconds. The explosive charge sur­
rounds the detonator.

, 28. To arm the grenade the bomber grasps the grenade and lever firmly in 
his throwing hand in such a manner as to secure the lever tightly against the body 
of the grenade. The first finger of the free hand is inserted in the split ring and 
the ring is gripped tightly between the second and third joints. Upon withdrawal 
of the split pin the grenade is armed and ready to be thrown.

The bomber must take every precaution not to release the grip on the lever 
until he throws the grenade.

As the grip is released the striker, actuated by the spring, rotates around 
the hinge pin, forcing out the lever, and strikes the primer sharply. The primer 
ignites the fuse through the, fast composition and when the fuse has burned through 
it sets off the detonator’iw^mcplodes the grenade, ,

29. Grenades and bouchons are shipped separately and are to be assembled 
when desired fomse. The grenade has a wooden plug in the top for the protection 
of the explosive. To assemble, remove the wooden plug, form a suitable cavity 
in the explosive with a wooden stick and insert the bouchon assembly and screw 
it.home.

30. The grenade is of such a type that after the safety pin is removed it will 
arm the instant the lever is released.

READ CAREFULLY.

Remember that the hand grenade is always loaded and cocked. It is always pointed 
at you. It is a safe weapon when properly handled, but a very dangerous one when 
handled otherwise.

31. If you accidentally allow the striker to function, do not drop the grenade 
and run, but throw the grenade as far as you can and then throw, yourself flat 
on the ground.

32. If you drop the grenade, pick it up and throw it. There is plenty of time 
if you do not hesitate.

33. Remember that the bodies of all hand grenades will be painted battleship 
gray when loaded (live).

34. The bodies of the defensive hand grenades which are used for practice 
(not looted) will be painted bright red.

35. A live grenade should never be thrown unless cover is at hand, behind 
which the operator and spectators may secure shelter. A fragment may fly over 
200 yards.

36. Do not arm the grenade by drawing the safety split pin. Unless the grenade 
is to be thrown at once, the split pin must never be removed. If the grip is acci­
dentally released after the pin is pulled, the striker will be operated immediately 
and the grenade will explode.
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(c) The Standard types of rifle grenades are: (1) 
Rifle Grenade, Smoke (W.P.) hark I, requiring a Hark IX 
fuze assembly; (2) Rifle Grenade Lachrymatory (C.N.) 
hark II, requiring a Iviark VIII fuze assembly.

These grenades consist of three main units, (1) the 
fuze assembly (firing mechanism), (2) me loaded gre­
nade body and (3) the rifle rod. These units are never 
issued assembled. A separate, special, caliber .30, 
blank cartridge is used as a propellant. Instructions 
for assembling are provided in the packing bones.

(d) Operation of rille grenades:

1. These grenades are of the "time" type in that 
they will not function until a certain fixed time has 
elapsed after being fired from the rifle.

2. To fire this type of rifle grenade proceed 
as follows: (1) Insert the rifle rod into the barrel of 
the rifle full length. (2) Remove the safety pin from
the fuze assembly and be sum that the cover is thrown off. 
(3) Plac^ the butt of the rifle on the ground ana support 
it well. (4) Insert the special blank cartridge into the 
chamber of the rifle, check aim for elevation desired and 
then fire. •

(c) Precautions:

1. Rev^r attempt- to use ime rifle grenade as a 
nmu. gre nao-e .

2. Use only the special, caliber .30 blank cart­
ridges furnished for rifle grenades. The heads of these 
cartridges arc stamped with the letters "CRG"■

3. fire from cover if possible.

4. Lo not remove the safety pin until after the 
rifle rod has been inserted in the rifle and you are ready 
to fire.

5. Hake sure that the cover is thrown off from 
the fuze assembly after the safety pin is withdrawn. If 
necessary remove it by hand.





AK>3(F7-2) 3

b. Use only rilles oi S j in_ fmld Amery manu­
facture bcarino serial numbers greater than 800, OOP, or 
rifles manufactured at dock Ind machal "rZgardlcss of 
sc ri al numbers.

7.

bly cone a ins 
it sc If.

The detonator in the Ik rk Ik iuzc < sscra- 
lulminate of mercury and is dangerous in

8. A livi, ^renade that has misfired should be 
recovered only by someone who understands the mechanism 
tixorou^hly. At least ten minutes should elapse after 
firing, before approaching or touching the grenade.

9. bo not disassemble a grenade that has failed 
to function. L. tuck procedure is necessary it should 
be done by an expert.

21b, Paragraph 27. Cross out entire paragraph 
and substitute tin following:- 

Kand Grenades:

(a) The oficnsivc hand grenade Hark III’ is ■ .O.i ob-
SOlCtC.

(b) The following are the three staIda rd types in use

I. Bciensivc.
<11. ■f car Gas (L; cnr /mato ry).
III. Phosphorus.

The tv 10 principal parts of the hand ur e na de are (1)
tae body, consisting of a lemon shaped container which 
holds the main charge of explosive, or gas, elc; and (2) 
tae firing mechanism, known either as the Fuze (formerly 
called Bouchon) unci detonator assembly or the Fuze and 
Igniter Assembly, a device which starts tue functioning 
of the grenade,

(c) Firin^, mechanism.- This comprises a fuze tody 
consisting of a head and stem, a primer cap, a liri.nd pin, 
and a striker Tae cap, firing pin and striker are assem­
bled in the head oi the fuze body. Into the stei is in­
serted a short piece of nieniord ti ae fuse to w'hicri is at­
tached either a detonator or an ignition charge. Tne 
time fuse is designed to bum o seconds.
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(d) Two kinds o_ detonators are -used in fuze and 
detonator assemblies: (1) a ho. 6 detonator consisting 
of a standard Mo. 3 blasting cap, 1+ Irenes long, which 
projects oelow the fuze body stem 14 inches; arc, (2) a 
17o. 8 detonator consisting of a standard lie. 8 blast­
ing cap, 2 inches in length, which projects 1J inches 
below rhe fuze body stem. Ix.e ho. 6 detonator is used 
in the defensive hand grenade (if loaded with H.L.); 
while the Ho. 8 detonator is used in phosphorus grenades. 
The necessity of a clear distinction between the fuze 
assemblies with l’o. 6 and those with Ho. « detonators
is due to the fact that, the use of fuze end detonator 
assemblies wits, the wrong size detonator nay result in 
mal-functioning and possible danger, a special ignition, 
without detonator, is used in the lacnrymatdry type gre­
nade, and also in the defensive hand grenades when load­
ed with 2.C. powder.

(e) The standard types ofAize and detonator As­
semblies are as follows:-

(1) fuze and detonator Assembly Mark V Ho. 8 
is provided with a tine fuse and a Mo. 6 deto­
nator, for use in defensive hand grenaues Mark 
II (unless otherwise specified).

(2) fuze and Igniter Assembly Mark X is a modi­
fication for use with the grenade, hand, frag­
mentation, Maik II of new manufacture (grenade 
contains charge of (E.C.) powder in place of 
high explosive formerly used.)

(3) fuze ana detonator Assembly Mark V IIo. 8
is provided with a tine luse and a Ho. 8 detona­
tor, for use in the grenade, herd smoke (’J.?.)

(4) llize and Igniter .assembly If-.rk VII is pro­
vided with a time fuse and ignition charge for 
use in grenaa.es, hand, lachrymatory (C.17. ) Mark V.

tion of the old Marie II of which there are a lew 
in service. '

a modifica­

p.‘ o 217, Parngrsoh 29 - Cross out and substitute 
the following :-

the firing me c^anisms .

grenaa.es


* * <•
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37. Do not assume that you can guess when five seconds have elapsed and 

try to function the grenade a moment or so before throwing. You will surely 
get caught some time if you do so.

38. Unless you remember these warnings and act accordingly you and your com­
rades will become the victims of your carelessness.

39. The detonator or firing device is dangerous in itself. Its size is no indica­
tion of its power, for it is powerful enough to blow one’s hand to pieces.

40. The detonator contains a small charge of fulminate of mixture. This 
explosive is very unstable, and the slightest jar or a sudden change in temperature 
may be sufficient to cause explosion. Consequently the only safe thing to do is to 
treat all detonators with proper respect.

41ixThe live grenades are painted battleship gray. They weigh 10| ounces 
each andare packed 48 in a box. ffiheexplosiveis Trojan powder (see ch. 7) or

T. N. T. The dummy grenade is cast iron, with a projectile cast on the side to rep 
resent the lever. It is used for practice in throwing. The practice grenade is 

' similar to the live grenades, except that the explosives are removed. The regular 
bouchon assembly with live primers are used for’’more advanced training than with 
dummy grenades.

42. More detailed information may be obtained from pamphlets on rifle and 
hand grenades and trench mortars issued by the Ordnance Department of the 
Army, copies of which may be obtained from the Bureau of Ordnance.

43. Trojan powder is very hygroscopic and as it absorbs moisture becomes 
less and less powerful until its explosive qualities are nil. There is no evidence that 
in this process there is a loss of stability. Absorption of moisture is shown by the 
appearance of the cardboard body. If sufficient moisture is absorbed, metals in 
contact with the Trojan powder will suffer corrosion. Should the metal of the 
detonator corrode through and free the fulminate of mercury, there is a possibility 
of the grenade becoming dangerous. Occasional inspections should be made for
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moisture, and such as-^uw siens ofjd^^rin»«iini>shni¥kHje tumed i»■»——----- -

Page 218, Paragraph 42, delete and substirurc rhe 
io 1 lowing: -

Lispo sition of Phosphorus Rifle and Hand Cirenades:

(a) Lug ro rhe facr that phosphorus-filled rifle 
and hand grenades have been found d.mgerous for indefi­
nite continued storage, it lies been found necessary to 
prescribe liLiiiJnn^-sAuifa -1

W JL t> II 
used.

> ------ -- -1S.J.JXJ3 UUA

rne limiting dare wirhin which
This date will not exceed 12

v/ii± be marked 
rhe grenades must be 
months after rhe date

lufacturing arsenal or storage depot
For grenades remaining

only ..
of such matcri^x.- 
jectiles loaded with' Tx-yw. 
and withdrawn from service..

jue
3-

.ed
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Il- Cross out and substitute 

slExF? n uita. (E.c.)

ferkingg^ assemblies...

painted

m a- a*« :j- 

type). Wires to rlplc gr^,6^"

Grenades hard .■
K,!*' blue

„r (Also applies t0
bo
du

""The dummy hand grenade is cast iron with a Pro~_ 
jection cast on the side to represent the. lever. Iu . is 
used for practice throwing. For more advanced training 
the standard -oracticc hand grenade lenown as grenade, 
hand practice, is used. This comprises a detensive 
hand ’ urmade ooGv to which is assembled a x-uze and 
letonator Assembly Hark V Bo. 6. The grenade is empty 
and. the metal plug in the bottom of the grenade boay 
is omitted.”
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Page 218, Paragraph 42, delete and substitute the 
iollowing:-

Disposition of Phosphorus Rifle and Hand Grenades:

(a) Luo io JFic fact that phosphorus-filled rifle
and hand grenades have been found dengerous for indefi­
nite continued storage, it lies been found necessary to 
prescribe a limiting time within which such grenades 
must either be expended or destroyed. The phosphorus 
grenades now approved for issue arc known by the follow­
ing nomenclature:

Grenades, Rifle, S.-.oke, U.P. , Hark I 
Grenades, Hand, Smoke, Hark II

(b) L;u danger in storage of these grenades is prin­
cipally due to the rusting of the metal containers which 
eventually exposes the phosphorus grenade filler to the 
action of the air, resulting in spontaneous combustion. 
Therefore, all stocks of this material in storage should 
be isolated insofar as practicable in order to prevent 
excessive damage in case spontaneous combustion should 
occur. The grenades in stock should be frequently in­
spected to detect any evidencl of incipient combustion. 
Leaky or smoking grenodes should be immediately submerged 
in a pail of water, using precaution to avoid burns in 
handling, and t^enc^ removed from storage and destroyed.

(c) Hereafter when phosphorus grenades are loaded and 
accepted for issue, the packing box will he marked 
with the limiting date within which the grenades must be 
used. This date will not exceed 12 months after the date 
of issue from a manufacturing arsenal or storage depot
to a unit for issued grenades. For grenades remaining

onlv’whun it is cle: r that conditions warrant the issue 
of such material. 2x11 grenades ana trench mor car Px0" 
jcctilcs loaded with Trojan powder have been condemned 
and witndrawn from service. ■
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moisture, and sueh as^show signs ^/ieterixM^ioa^ho^e turned, m ammuni-
tion depot for survey. \

_ 44 • Line-tHrOWl/ncr 1 n < • .* _ .

in storage depots and net issued, the date will not exceed 
18 months from the date of original packing or subsequent 
inspection. forore the expiration of the 18 months per­
iod rhe phosphorus grenades still in sTorage will be sub­
jected 'jo a thorough inspection and those found service­
able will be repacked Uid restcncilled for another 18 
months pe.rioL. Inis procedure will be continued until 
the grenades are issued or Through a sutscquant inspec­
tion have been found unserviceable and destroyed. The 
limiting dare within which issued grenades shall bu 
expended will be stencilled on the boxes by rhe issuing 
depot at the tinu of issue. As noted hbove This date 
will hot exceed 12 months.

(d) When iT is found Necessary to destroy phosphor­
us grenades, The following procedures aim recommended:

1. A piT should be prepared about two feet 
square and noT less then, three feet deep. On the bcTTom 
of the pit sufficient fuel should be placed to insure a 
hoT fire and not more chan fifty grenades should be placed 
on top of This conbusTible maTerial. Cure should be taken 
to insuim th-.T deTonators to be destroyed are assembled 
in the grenades. The fire should now be lighted end all 
personnel should retire to a safely barricaded snclter 
or to a hist nee of noT less Than 100 yards, as detona­
tions may occur scattering The burning phosphorus for a 
considerable distance in all direcTions. After the fire 
is lighted no attempt should be made to investigate The 
piT unTil the fire has burned entirely out and The pit is 
COld.

2. By dumping overboard in deep wacor.

Page 218 - Imlets paragraph 43.

Substitutc: Paragraph 48:

"The use of live grenades is dangerous to untrained 
personnel ana consequently service grenades will not be 
issued except to trained personnel of the Navy and Then 
only when it is cle: r That conditions warrant The issue 
of such material. ^11 grenades and trench mortar pro­
jectiles loaded with Trojan powder have been condemned 
and wit-idraw?! from service.
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.oisture, and sueh as'show signs uLdeterim-abum-shoirid-be turned, in ammunj- 

„ion depot for survey.
44. Line-throwing equipment for use of vessels afloat is provided as follows: ammunition"1118
(a) For vessels carrying saluting guns, 3 and 6 pounder line-throwing projectiles 

and charges.
(&) For destroyers and tugs, 45-caliber line-throwing guns and ammunition.
Figure 64 (drawings 53071 and 54762) shows the 3 and 6 pounder line-throwing 

projectiles. The lines are supplied by the Bureau of Construction and Repair.
45. In using the line-throwing 3-pounder and 6-pounder projectiles, the line Preparation of 

is prepared, faked down near the muzzle of the gun, and the end is attached to the ‘ 
thimble in the end of the spindle. About 2 fathoms of the line from the end is wet
down. The projectile is loaded in the muzzle and fitted in the case and the case 
then loaded. The line should then be cleared for running out. It is preferable to 
use the lines provided, but if these should not be available, a soft, pliable line of the 
required size will be satisfactory. The same precautions should be taken with the 
cartridge as for other types. The charges are prepared as for saluting charges, 
following weights of charge of black cannon powder are assigned:

The

3 pounder. 6 pounder.

250 yards, 8 ounces.
300 yards, 10 ounces.

300 yards, 9 ounces.
350 yards, 12 ounces.

46. It is difficult to control the range by varying the weight of charge. Not 
less than 6 ounces nor more than 12 ounces shall be used for the 3-pounder and not 
less than 9 ounces nor more than 13 ounces for the 6-pounder projectile. The 
projectile may be fired without fitting it in the case, but less regularity will then 
be obtained.

47. The 45-caliber line-throwing gun is shipped in boxes containing 50 car­
tridges, 10 projectiles, 4 lines, spindles, cleaning gear, and book of instructions.





Chapter XVI.

AIRCRAFT AMMUNITION.

1. Aero bombs are classified as follows: A«n> bombs.
Fragmentation bombs.
Demolition bombs. 
Incendiary bombs. 
Antisubmarine bombs. 
Armor-piercing bombs. 
Smoke bombs.
Gas bombs.
Dummy bombs.

2. A fragmentation bomb, Chapter XVIII, is a small one for use against person- boFmbf“e“tatlon 
nel. The shape, distribution of metal, and weight of charge are designed to give the
most efficient fragmentation and the best distribution of fragments. The fuze must 
be very quick acting in order to obtain detonation before the bomb has buried itself 
in the ground. The Navy in general will have only limited use for a fragmentation 
bomb. ■ The development of this type has been assigned exclusively to the Army, 
and all fragmentation bombs required will be obtained from the Army or manu­
factured according to their designs. For details of Army bombs Army publications 
will be consulted.

3. A demolition bomb is a general-purpose bomb, the development of which b0®b“011110“ 
has been assigned to the Army. They will be made in sizes of approximately
100 pounds, 250 pounds, 500 pounds, 1,000 pounds, 2,000 pounds, and 3,000 pounds. 
These bombs must have a case sufficiently strong to penetrate the average unpro­
tected structure (arsenal, factory, etc.) but the weight of explosive is kept between 
50 per cent and 60 per cent of total weight even if penetration is sacrificed. Fuses 
are fitted with various interchangeable delays. A heavy case type with less 
bursting charge may be used in weights of 100 pounds, 250 pounds, and 500 pounds 
for use against factories, in order to give fragments which would damage machinery, 
etc., removed from the blast effect.

4. These bombs are well adapted to use against submarines if fitted with a 
fuse to function instantaneously on impact or with a delay action on water impact. 
The heavy case type may find a use against capital ships with a fuse allowing 
only enough delay for the bomb to penetrate light decks if it is solid enough to do 
so without breaking up. The fuse in any case for naval use should function on 
water impact, and in this case have enough delay to reach a depth where the mining 
effect would be good.
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5. Army publications will be consulted for data on Army demolition bombs, 

bombs.® “d 1 ar y 6. The incendiary type of bomb has also been assigned to the Army for
development and will probably be little used in the Navy. Army publications 
will be consulted when required. Two types are in use, the scatter type and the 
intensive type. One of the scatter type consists of a number of small bombs 
dropped in a case which opens up in flight, scattering the small bombs. In general 
thermit has been the incendiary material used.

rine“bombs^ma’ '?• This type has been assigned exclusively for development to the Navy. 
The case is as light as practicable, admitting of a high percentage of explosive. 
The fuse must function instantaneously on direct impact and with a delay on water 
impact that will allow the bomb to reach a depth where its mining effect is serious. 
This type of bomb is very similar to the demolition bomb. To admit of general 
naval use a development may be a heavier case bomb able to penetrate a light 
deck with a very short delay on solid impact. The Marks IV, IV-1, V, and the 
520-pound Mark I are present examples, and are now fitted with the Mark VI fuse. 
Bureau of Ordnance pamphlets will be consulted for detail information. The sizes 
made will approximate 250 pounds, 500 pounds, 1,500 pounds, and intermediate 
or larger sizes if required.

mg bombs.plerc" an armor-piercing bomb the design must be best for penetration and at
the same time most carefully stream lined for the minimum resistance in order that 
the highest practicable velocity may be obtained from the given height. A bomb 
of this type will be in the nature of an armor-piercing projectile, with light stream­
lined tail cone and vanes. The percentage of explosive is not apt to exceed 10 per 
cent at most. Due to the fact that at moderate altitudes the velocity attained 
is not high enough to penetrate very heavy decks, a development is likely to be a 
bomb without explosives but with means for increasing the velocity.

smoke bombs. g. These are for laying smoke screens. A 50-pound size has given satisfactory 
results and the bomb will be made in larger sizes. The smoke material constitutes 
a fire risk and as far as practicable these bombs should be treated like smoke boxes. 

10. The development of these has been assigned exclusively to the Army. 
Gas material may be combined with other types of bombs.

y 11. It is desirable to have all bombs follow the same trajectory. Studies of 
form and air resistance are under way with this as a possible result. The weight, 
however, varies as the cube of a linear dimension and the resistance as the square 
in the cases of geometrically similar bombs, so that to obtain a single trajectory 
small bombs must be carefully stream lined and large ones must have accurately 
determined resistance deliberately added. Concrete dummy bombs have been 
made to represent certain particular bombs.

12. A small miniature practice bomb is in extensive use and is satisfactory 
for work at low altitudes. Its trajectory approximates that of larger bombs and 
altitudes up to three or four thousand feet. This bomb is loaded with a 10-gauge 
blank shotgun shell, which by the smoke or spray caused shows the position of fall.

Gas bombs.

D u m ni 
bombs.
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A disk with a firing pin attached is held away from the shotgun cartridge by a fight 
spring. On impact (solid or water) the disk is driven back and the cartridge is 
fired.

13. The charge of an aero bomb is in general cast T. N. T., though other explo- d^g o“d aero 

sives, notably amatol, have been used. This puts the bomb in the same class as bon,bs- 
mines and torpedo war heads as far as care and handling is concerned. See data in
other chapters.

14. The 230-pound Mark I aero bomb has a central tube which contains boosters 
of grade A, T. N. T. and tetryl. The pistol itself is simply a plunger and firing pin 
held away from the detonator by a light spring. When on a plane a small propeller 
is screwed on the end of the firing pin plunger and prevents movement. Additional 
safety is provided by a cotter pin (removed before plane leaves ground) through the 
plunger. The detonator of these bombs will not be put in place in the bomb until 
the bomb is on the plane, but the bomb can be shipped with boosters (exploders) 
and pistol (sometimes erroneously called the fuse) in place. The detonators are 
packed, shipped, and stowed separately as detonators. See chapter on detonators 
and Bureau of Ordnance Pamphlet No. 45. Small numbers of other bombs with 
this type of detonator and exploder or booster are in the service.

15. Certain of the 230-pound Mark I bombs were obtained from British sources, 
and these as obtained had a detonator in each end of each exploder. In handling 
these bombs all detonators must be out, and extreme care will be used in removing 
detonators and exploders of bombs that have been put on planes and are to be 
returned to stowage.

16. The Mark VI fuse is used in all other bombs now issued to the service. 
This fuse is safe to leave in the bombs for handling, stowing, and for transportation 
by Government transportation in the immediate vicinity of naval ammunition 
depots. For other transportation the fuse will be removed and a wooden plug put 
in its place. All bombs using this fuse have a large secondary booster of granular 
(grade A) T. N. T. at the end of the bomb around the fuze. In removing the wooden 
plug care will be taken not to loosen this grade A, T. N. T. If practicable, without 
damaging or distorting tail vanes, the bomb will be stood on its tail. Care will be 
taken to allow no air gap between the fuse and this secondary booster. Ordnance 
Pamphlet No. 42 describes the Mark VI aero bomb fuze and method of inserting in 
Marks IV and V bombs if received with old fuses.

17. Bomb using Mark VI fuses should be inspected occasionally to make sure 
the detonator is in the safe position and the propeller is locked against rotation. 
The propeller should be turned a few turns and then brought back to about one-half 
turn from extreme movement to safe position to insure freedom of rotation and 
absence of verdigris on screw of shaft.

18. Mark VI fuses not in bombs should be treated as detonators. See chapter 
on detonators.

28015—24——16
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Marking and 

painting bombs.
Machine - g un 

ammunition.

Pyrotechnics.

Torpeodes.

19. See Chapter XVIII on marking and painting of ammunition.
20. Only ammunition classed as A-l should be used in aircraft machine guns. 

See Chapter XV “Small-arms ammunition.”
21. See Chapter XIX, “Pyrotechnic materials.” Wing tip or landing flares 

(Holt flares) have been in use but are being superseded by electric searchlights.
22. The present type of parachute flare (the Army airplane flare Mark I or the 

Michelin flare) has been obtained from foreign services or the Army. Army publi­
cations should be consulted.

23. A small pyrotechnic grenade to take the place of the Very pistol and car­
tridge is under development.

24. Torpedoes used from aircraft are very similar to other torpedoes, and the
same instructions apply. •



Chapter XVII.

STOWAGE OF AMMUNITION.

1. The following provisions shall he carried into effect in the stowage of latlons.g 

ammunition:
2. As far as practicable, smokeless powder for different calibers shall be pOwder.k e 1 e 8 8 

stored in separate magazines. It frequently happens that changes in armament
require the storage of different calibers of approximately the same size together. 
It is the intent of this provision not to stow large and small caliber powders to­
gether, but, if impracticable to do otheiwise, it is not seriously objectionable, for 
instance, to stow 3"/50 and 3"/23 cartridges in the same compartment, although, 
when the necessity for such action arises, the question should be referred to the 
bureau for decision. However, bag charges and case ammunition must always be 
stowed separately.

3. Projectiles and powder charges, except case ammunition, shall not be stored Powder<,harses. 
in the same magazine. In the event of a magazine blowing up, large caliber pro­
jectiles would work considerable havoc if their fuses were detonated, due to their
size and the magnitude of their burster charge.

4. Case ammunition containing primers shall be stored in magazines by itself. tl„n8se ‘imniun1'
The reason for this is that each charge contains within itself the complete 

train for creating an explosion, requiring only an external agent to initiate the 
action. In this connection, it must be remembered that primers in cartridge cases 
should always be protected. Care shall be taken in handling assembled case 
ammunition out of their containers not to strike the percussion cap against any­
thing sharp. In rapid loading care should be taken in handling cartridges so that 
the point of a projectile will not accidentally strike the cap of a primer of another 
case; consequently, it is well to have the loader hold his hand over the base of the •
case.

5. Black powder, except attached ignition charges, shall be stored in a separate Black powder, 
magazine, if practicable.

6. As black powder is a very dangerous explosive, it should always be kept 
by itself and only in such quantities as will meet the immediate needs. This 
explosive remains stable and chemically unchanged indefinitely and no stability 
tests are required. However, it is necessary to protect the powder from dampness 
and to see that it does not cake or otherwise change in physical properties. Care 
shall be taken that no loose powder is allowed to remain on screw threads of the 
opening in black powder drums. Black powder containers shall not be opened in
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the magazine. The greatest care should be exercised to prevent sparks from any 
cause when handling loose black powder. Torpedo impulse powder may be stowed 
in the same magazine with small-grained black powder. Baize cloth or similar 
soft material shall be spread on deck when handling bulk black powder, to prevent 
the ignition of a grain by friction under foot against a hard surface.

small arms. 7. Small-arms ammunition shall be stored in a separate magazine, if practi­
cable.

8. Due to the small powder charge in small-arms ammunition and to the diffi­
culty of keeping it under as close an observation as for large-grain powders, the 
same reliability can not always be expected of it. Also, due to the difficulty of 
getting accurate results from tests afloat, ships are not required to test small-arms 
ammunition. Therefore, by keeping small-arms ammunition by itself any effect 
of deterioration of powder would be localized, as, due to the small amounts of ex­
plosives involved, if exploded little damage would occur, but if accidentally exploded 
in the presence of a larger caliber powder it might cause considerable damage.

DetQnators. 9. Dry guncotton or detonators shall not be stored below the water line.
10. Dry guncotton is rarely met with in service now, as torpedo and mine 

boosters are all granular T. N. T. When the requirements for the Navy for T. N. T. 
boosters have been met, it is probable that the dry guncotton will all be scrapped. 
Detonators are very sensitive and if exploded in a closed compartment would cause 
considerable damage, and furthermore, they are subject to detonation when not 
in contact. Consequently, it is required that they be stowed above decks and in 
separate storage spaces.

High expio- 11. Torpedo warheads, mines, and depth charges shall be stored only in the 
approved designated places.

12. These are mainly classed as fire risks, for the charge will not explode 
unless detonated. However, T. N. T. after taking fire will, if there is sufficient 
present to maintain combustion 15 minutes, then detonate. Consequently, nothing 
should be stored with these objects which could start a conflagration.

Bombs- 13. Aero bombs shall be stored in mine rooms or magazines designated for the
storage of similarly loaded ordnance material.

14. As bombs are loaded with T. N. T. or a similar material, they fall into 
the class of insensitive high explosives loaded ammunition. Army bombs may be 
loaded with other substances than T. N. T., such as mixtures including nitro starch 
or ammonium nitrate, thereby requiring closer observation than for standard Navy 
explosives.

pyrotechnics. 15. Smoke boxes and pyrotechnic material shall be stored in approved desig­
nated places and shall not be stored in any magazines or near explosives or in­
flammable materials..

16. In addition, these materials shall be kept dry at all times. They constitute 
a fire risk that shall be given careful consideration. Smoke boxes have very small 
amounts of explosives for creating the initial action, but have chemical compositions
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which due to faulty mechanism may react, resulting in a fierce fire with a great 
evolution of heat. Rusty containers will quickly result in leaks. Broken paper 
covers over the smoke holes on the Mark II boxes permit the ingress of moisture, 
causing deterioration. Pyrotechnics are in the same class as smoke boxes. Both 
should not be stowed below in any quantities, especially near inflammable materials. 
It is considered that the best stowage space is above decks.

17. Should a smoke box set off in an inclosed space, personnel may be exposed 
to asphyxiation by the smoke. When inhaled in the concentrated form as the 
smoke comes out of the box, it will cause nausea and coughing. The cloud near the 
apparatus is very dense and may contain phosgene. The Bureau of Medicine and 
Surgery recommends that the following steps be taken for the relief of personnel' 
subjected to smoke from smoke boxes:

(a) Members of rescue parties should wear masks provided with a smoke filter 
of a kind now made a part of the standard Army gas mask.

(&) The individual affected by the smoke should be removed to the fresh air, 
placed in a recumbent posture, and general measures, such as employed in carbon 
monoxide poisoning, instituted.

(c) First-aid treatment should include artificial respiration, cold applications 
to the head and neck, applications of heat to the feet and body, and administration 
of aromatic spirits of ammonia by mouth if the patient is conscious. If uncon­
scious, a medical officer or a hospital corpsman should administer a hypodermic 
circulatory stimulant to the patient.

(<Z) If an oxygen tank is available this gas should be administered as soon as 
possible.

18. Other ordnance material can be classed as one of the above, namely: ,
Small arms:

Ballistite rings.
Ballistite cartridges. 
Shotgun ammunition.
Case ammunition.

Other 
elves.

explo-

For Stokes mortar.

Bag ammunition.
Projectiles L. & F.: .

Hand grenade without primers.
Stokes projectiles.
Rifle grenades.

War-head storage:
Mines, aero bombs, wrecking charges.
Trench warfare material without bouchons.

Pyrotechnics: Signal material.
Detonators: Bouchons for trench warfare material.
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Dummy a m - 

munition.

Ready ee 
ice stowage.

Location 
magazines.

19. Dummy trench warfare material may be stowed without regard for the 
above requirements. Dummy loading charges shall not be stowed in magazines 
or other compartments containing explosives.

20. Vessels in addition to their regular magazines are equipped with various 
types of ready service magazines in all cases for case ammunition only. The Bureau 
of Construction and Repair has cognizance over the design and installation. Anti­
aircraft guns on battleships and destroyers, and main battery on destroyers and 
submarines, have special air-tight boxes arranged for holding the assembled car­
tridges or tanks. Certain types are arranged to hold the cartridge tank while others 
are arranged to take the cartridge alone. This ready stowage will be used only 
when there is likelihood of the guns being used and at other times ammunition will 
be stowed in the proper containers, in the regular magazines. Ammunition boxes 
and tanks will be retained on board for this purpose, and care shall be exercised 
that ammunition is stowed in the proper container. When restowing ammunition 
in boxes or tanks, or when stowing it in ready service boxes, care will be exercised 
that the proper nose blocks are used, so that nose fuses will not be damaged.

of 21. Magazines are specially designed and located for storage of explosives. 
They must be so located as to minimize the dangers from external explosions, hence 
are located below the water line, and the protective deck on ships so fitted, and away 
from the skin of the ship if practicable. Construction, alteration, and repairs to 
magazines, flooding, sprinkling systems, and ventilating systems, are under cog­
nizance of the Bureau of Construction and Repair. The Bureau of Ordnance has 
cognizance over suitability and safety of magazines and fittings. The care and 
upkeep, however, devolves on the commanding officer and the gunnery officer afloat, 
and the responsibility for seeing that they are used only in an authorized manner 
consequently is vested in these officers.

safety precau- 22. Due to the methods of manufacture of smokeless powder, it frequently 
happens that the air becomes laden with ether, and if a spark is introduced an 
explosion will result provided the mixture has sufficient ether in it. For this reason 
no naked lights, matches, or flame-producing apparatus is permitted in magazines. 
Electric wiring is not passed through magazines. When an oxyacetylene flame is 
to be used adjacent to a magazine, the explosives must be removed. Any similar 
operation, such as steaming out adjacent oil tanks, heating oil, or using hot rivets, 
etc., should be considered cause for removing explosives.

zines? °f maga‘ 23. Magazines shall be kept clean, and no unauthorized articles stowed in 
them, such as oily rags or painted canvas, due to danger from spontaneous combus­
tion. Care shall be taken that no sand or gravel is tracked in, especially in black 
powder magazines. Care shall be also taken that there is no danger of a spark 
originating from striking steel on steel. The air in magazines should be kept pure, 
and on no account should the circulation be stopped, except under the following 
condition: In the Tropics it frequently happens that by running blowers in daytime 
hot air is forced into magazines, increasing their temperature more than would
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be the normal rise during the day without blowers. In this case, it is advisable to 
run blowers only at night, filling the magazines with cool air, and allowing it to 
warm up during the day from conduction from without rather than by passing 
hot air in. When a magazine is hotter than the outside air for reasons within the 
ship, portable blowers, windsails, etc., must be used. The small increase in tem­
perature which would result from sealing magazines in an action is not sufficient 
to have any deleterious effects, but continued storage under these conditions will 
affect the stability of the powder considerably.

24. The danger of wetting charges due to improper handling of flood valves or 
leaky valves is always present, and should be guarded against. Powder so wet 
should be immersed in distilled water and returned to an ammunition depot.

25. The life of smokeless powder is greatly affected by the temperature at 
which it is stored. Furthermore, uniformity of temperature insures more uniform 
ballistic results. So, if smokeless powder is stored at the temperature which will 
give it the longest life and retained uniformly at that temperature in a dry state, 
the best possible conditions will obtain. The fact that powder must be kept at a 
uniform temperature is seen by the range tables. It has been found by observa­
tion that the changes in the stability due to variations in temperatures increase 
rapidly with increase of temperature. For unstabilized powders the change at 
75° F. is very slight, but at 90° F. it is increased appreciably, and at temperatures 
above 100° F. increases much more rapidly until at 135.5° C. the life of a powder 
is taken as five hours. With a stabilized powder, the change is much less for 
corresponding temperatures, such that a stabilized powder at 90° F. has the same 
or greater life than an unstabilized powder at 75° F.

26. The stability and ballistics are greatly affected by moisture. To a certain 
extent smokeless powder has an affinity for moisture and will absorb it, though rather 
slowly. If the air in which powder is stored contains a certain amount of moisture, 
on a decrease of temperature the moisture is condensed and taken up by the 
powder. If the temperature is raised, moisture is less readily given up by the 
powder than are its solvents, so that the latter are reduced and some of the mois­
ture retained. With frequent changes of temperature this cycle is repeated, each 
time changing by a small amount the proportion of solvents and moisture, and in 
the same measure the ballistic qualities. The importance of air-tight containers 
is apparent from a consideration of this effect of moisture.

27. - Before the advent of stabilized powder—in fact, with the issue to service 
of smokeless powders—the necessity for arranging for storage at temperatures 
less than those met with aboard ship became apparent. In 1899, the question 
of magazine refrigeration was taken up and an experimental installation placed 
on board the Illinois. It consists of a dense air machine with brine pipes for circu­
lating the brine through the magazines, which were not insulated. The system 
was not a success, and was not installed on any other ships at that time.

Wet powder.

Temperatures.

Moisture.

Refrigeration.
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Ugter lnsuiH. 28. In iggg, the qUestiOn was again taken up and another test installation 

placed on the old Iowa, consisting of a carbon dioxide machine with a cooler box 
outside the magazines spaces through which air was forced, thence into the maga­
zines and back to the cooler box in a closed system. Later installations on the 
Delaware and North Dakota were similar to that on the Iowa, except steam-driven 
dense air machines were used and the air could be drawn by ventilator fans from 
the cooler box or from the outside air. However, these installations were not 
successful, and the one on the North Dakota was changed to an ethyl chloride 
machine with brine pipes in the magazines, producing thereby more satisfactory 
results.

29. Later ships from the Florida to the 'Wyoming, inclusive, were fitted out 
with dense air machines and cooled air ventilation similar to the Delaware type, 
except that thicker insulation was provided. The New York has a CO2 system 
with brine pipes and the Texas the cooled air ventilation system. Later ships are 
not fitted out with magazine cooling systems.

Requirements. 30. jn considering the installation of magazine cooling the following factors 
must be considered:

(a) Necessity for.
(&) Performance.
(c) Reliability.
(cZ) Cost of installation and upkeep.
(e) Space and weight involved.

>oMng.8,ty for 31. Variations in temperature occur when ships enter and leave the Tropics or 
from summer to winter, or from circumstances within the ship, and may be of three 
kinds: (a) Variations in temperature due to external changes, (&) variations in 
different parts of the same ship, (c) variations in different parts of the same maga­
zine. From a long series of observations, these differences have been found to 
amount to from 40° to 60° F. under (a), from 12° to 16° F. maximum under (&), 
and about 6°F. maximum under (c). With unstablized powders where the stability 
life was affected by changes over 75° F., the necessity for a magazine cooling system 
was evident as a change like under (a) would be very damaging. Conditions could 
be improved under (&), as some degree of control is permitted by a cooling system, 
but a remedy for the condition under (c) is not so easily found. With stabilized 
powders, however, together with improved location of magazines, adequate heat 
insulation, and care in locating ventilator intakes and exhausts, the ill effects from 
changes in temperatures have been so greatly reduced that the necessity for maga­
zine cooling installations are no longer apparent.

32. To be effective a cooling system must operate continuously, as with 
either brine system or closed ventilating system, without the aid of the cooling in­
stallation the temperatures will mount up faster than in magazines designed for cool­
ing by outside air by means of blowers. To guard against a shutdown, duplicate
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installations are required. With the brine systems, drip pans, coils, etc., are 
required, but with all precautions the air is heavily laden with moisture. This is 
true to a less degree with the cooled air system, but to give the best results the air 
should be dried before entering the magazines.

33. Even with duplicate sets, breakdowns will occur with this type of instal­
lation, with resulting greater effect than when a unit in the ventilating systems 
breaks down.

34. The cost of installation is very great, and the cost of upkeep is also very cost, 
great, far outweighing any slight advantage over the later systems of magazine 
ventilation. The space and weight involved is also a great loss when the advantages
are considered. From a survey of these conditions, it has been decided that no 
further installations will be made except on ammunition ships.
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Chapter XVIII.

MARKING OF AMMUNITION.

1. The following instructions shall govern the marking and painting of con-str^*tn1’nr®1 ln‘ 
tainers for explosives and of ammunition issued to the United States naval service.

2. These instructions are to supersede all previous ones on the same subject. 
In relation to this subject, attention is invited to the following publications:

(a) Ordnance Pamphlet No. 368, part 1, "Ammunition Instructions for Marking 
and Painting for the United States Naval Service, Projectiles as Furnished by 
Manufacturers.”

(&) "United States Naval Ordnance Pamphlet No. 4.
(c) The Interstate Commerce Commission Regulations for the "Transportation 

of Explosives.”
3. Particular attention is also invited to the following provision of the Naval 

Instruction, article 2805:
’ “Since the correctness of reports and records depends upon it, care must be taken 

not to obliterate the identification marks on ammunition or to interchange it in incor­
rectly marked containers.”

Strict compliance with this regulation is enjoined, as the safety of ships and 
personnel is dependent on the accuracy of ammunition records.

4. Target projectiles which have been painted different colors on board ship 
will have all paint removed before turning in to ammunition depots.

5. Smokeless powder shall be packed at the factory in standard air-tight 
smokeless powder packing boxes made of galvanized steel or of wood with zinc™1"®”* 
lining. If of wood, the boxes shall be painted lead color with a suitable paint, 
"cold water’’paint conforming to Specification 52Plb is satisfactory for the purpose.
If of galvanized steel, the boxes shall be unpainted. These boxes shall be plainly 
marked with black block letters, three-fourths inch high, as follows:

On end containing handhole:
Caliber of gun for which intended (also mark of gun if required). 
Index number of powder.

On top of box:
"Smokeless powder for cannon.”
Manufacturer’s designation of lot. (This shows the name of the factory.) 
Gross weight-------- ; net weight,-------- .
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On right side:

Index number.
Shipping directions.
Note.—If new powder is being shipped for proof of lot, mark "Firing 

sample for proof” and omit index number on all legends.
End containing handhole:

12/"45 Mk. V
S. P. 273.

Top of box:
SMOKELESS POWDER FOR CANNON.

I. H. F. B. LOT 9.
Gross Wt._____  Net Wt.______

Right side:
S. P. 273.

FOR U. S. NAVAL AMMUNITION DEPOT,
Iona Island, N. Y.

6. The arrangement of the legends in this manner allows the top of the box to 
be completely marked at the time of packing and the other marking done upon the 
receipt of order for shipment, which also assigns the index. The letters “S. P. ” 
will indicate that the number following them is the index number of the powder. 
The prefix to the index number, S. P., R., W., D., B., and X., or combinations of 
these letters, indicates the composition of the material and is a part of the index 
number. All stenciling of boxes should be done with eveness and uniformity and 
care taken not to blur the lettering. The information formerly put on the boxes 
relating to powder charge, ignition, date of proof, etc., has been omitted, as it can 
be obtained more satisfactorily from stock cards, and large stenciling and less 
lettering improves the clearness of the work.

7. In making shipments of smokeless powder in bulk, a partly filled box will 
have the handhole cover painted white.

8. Shipments of smokeless powder from naval ammunition depots to Indian- 
head shall be marked as specified in United States Naval Ordnance Manual, Part 
V, article 57.

>nttinere.°wder Black powder will be supplied to ammunition depots in metal kegs or drums
having interior bags and conforming to the Interstate Commerce Commission 
shipping container specifications. The drums will be marked to show the manu­
facturer’s data,I for example, as follows:

E. I. duPont de Nemours & Co., 
Black Cannon Powder, Lot 1.

Net----------Lbs.
Cont. 28756, May 1, 1916, Reqn. 122.





PLATE XXVI.

KEG HEAD PAINTED BLACK. USE WHITE 
STENCILED LETTERS.

WOODEN KEG WITH WOODEN HOOPS, COPPER WIRE BOUND. 
KEG PAINTED NON-ACID BLACK.

FIG. I. EXPLOSIVE D. KEG.

T.N.X. RED
FIG. 2. HIGH EXPLOSIVE BOXES.

Explosive Containers.
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10. Index numbers will not be assigned to lots of black powder.
11. Containers for black powder should always indicate the kind of powder, 

such as—
(a) Cannon.
(&) Shell.
(c) Sphero-hexagonal (torpedo impulse).

12. High explosives (Plate 26) will be supplied the ammunition depots in contain- sives!h 
ers conforming to the Interstate Commerce Commission regulations, explosive “D,”
in wooden kegs with copper wire-bound wooden hoops; other high explosives in 
wooden boxes. These containers must have interior paper linings sealed on packing. 
The containers are not to be used again for the purpose of making shipments, but 
should be destroyed. They are marked to show the material, manufacturer, con­
tract number and date, requisition number, lot number, gross and net weight, thus:

E. I. duPont de Nemours & Co., Barksdale, Wis.
Grade “A” T. N. T„ Lot 1.

Cont. 28757, May 1, 1916, Reqn. 123.
Gross---------- Lbs. Net----------- Lbs.

explo*

13. Explosive “D” containers will be painted a nonacid black with white 
stenciling.

14. The boxes for other high explosives will have the ends painted a solid color 
with black stenciling, as follows:

Grade A, T. N. T.................................................................................................................. White.
Grade B, T. N. T...................................................................................................... ............Green.
T. N. A...................................................................................................................................... Yellow.
T. N. X......................................................................................................................................Red.

In addition, grade “B,” T. N .T. containers will have stenciled on the side the 
following precautionary note:

“Crude—for cast main charges only.”
This marking is very important, as grade “B,” T.N.T. is intended only for use in 

cast main charges of torpedo war heads, mines, depth charges, and bombs, and never 
for use as a burster charge of a projectile or burster charge either in the cast or 
granular form.

Note.—T. N. X. containers now have green bands painted around middle of 
container. These need not be changed, but will assist in identifying T. N. X. 
containers with red ends.

15. Poison gas is shipped in containers ready for loading direct into projectiles. 
Special markings on each container, such as a black cross or a green cross or other 
geometrical figure, will denote the kind of material. These markings will be known 
by special arrangements between the manufacturer, the bureau, and the ammuni­
tion depots. Gas containers are to be packed in strong air-tight barrels, with heads 
paraffined, suitably marked with a broad red band with the number of containers
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and kind and color of geometrical figure, name of manufacturer, contract number, 
date of loading, gross and net weight of each container.

ammunition rol 16..All bag gun charges (Plate 27) put up in silk powder bags shall be marked 
charges?8*’ sun with stencil on each bag in black letters, three-fourths inch high, parallel to and 

on the opposite side from the lacing, as follows:
Caliber of gun (and mark if required).
Index number of powder. 
Weight of smokeless powder contained in bag. 
Proportion bag bears to full (or experimental) charge. 
Initial velocity.
Initials of inspector.

The letters “F. C.” shall be used on the legend as an abbreviation of the words 
"full charge.” If the bag constitutes the full charge, it is marked "F. C.”; but if 
only part of the full charge, it is marked “j F. C.,” F. C.,” etc., as the case may 
be. Reduced charges are no longer issued to service, except for target or experi­
mental firing, in which case the marking of the bag (and also of the identification 
tag and powder tank) shall read "Exp. Chg.,” "J Exp. Chg.,” etc., as the case may 
be.

17. The dyed iginition ends of bag gunpowder bags shall be marked in black 
letters, three-fourths inch high, as follows:

Ignition____ grams.
18. No paint containing oil shall be used in marking bags and care must be 

taken not to blur the stenciling.
19. Identification tags are to be used with all smokeless powder charges. These 

tags contain the following data:
Caliber of gun.
Index of powder.
Weight of powder contained and proportion of full or experimental 

charge.
Initial velocity.
Weight of ignition (if ignition is contained in primer, state "primer 

ignition”).
Fahrenheit readings of wet and dry bulb thermometers. (See United 

States Naval Ordnance Manual, Pt. V, art. 202.)
Ammunition depot (where prepared).
Date.
Initials of weigher.
Initials of checker.
Initials of gauger.
Initials of gunner in charge.
Initials of inspector in charge.



PLATE XXVII.

Bag Gur Charge Containers,
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20. The identification tags are made of cloth and should be of the smallest 

size practicable to contain all the necessary information. With powder bags, the 
tags are placed under the lacing of the bags before the final tautening of the lacing 
and are in addition to the data stenciled on the bags. With case ammunition, 
the tags are placed in the cartridge cases on top of the powder under the wads.

21. In addition to the identification tag, case ammunition should have the 
index number of the powder used stenciled on the head of each cartridge case, using 
a thin mixture of shellac and lampblack.

22. Powder tanks are copper, galvanized iron, or sheet steel. The first two Powder tanks, 

will be marked as in paragraph 2. The last will be parkerized or coated on the
outside with black paint, and painted as in paragraph 2.

23. Each powder tank containing all or part of a full or experimental charge shall 
be marked with a circular band of white paint, 2 inches wide, if practicable, around 
the edge of the cover and have painted upon this band in black letters the caliber 
of the gun, index of powder, and proportion of full or experimental charge in the 
tank.

24. Each powder tank shall in addition have wired to it a cloth tag giving the 
information shown in the powder identification tag attached to the powder bag.

25. Full instructions regarding the marking and painting of projectiles as sup- (en,pty)ectlles 
plied by manufacturers are given in Ordnance Pamphlet No. 368, Part I, April
1920 (Revised).

Cavities of projectiles are painted as prescribed in Ordnance Pamphlet No. 368, Cavity paint. 
Part I, paragraphs 17-21, and in Ordnance Pamphlet No. 4.

As issued to ships, the ogivals of projectiles for a distance of 1 caliber from the Exterior 
point toward the bourrelet are painted with distinctive colors to indicate the kind 
of projectile filler; the remainder of the exteriors (except the bourrelet, band, and base) 
are painted with distinctive colors to indicate the type of projectile.

26. Bourrelets and bases of all projectiles and base plugs shall not be painted, 
but shall be’coated with vaseline to protect the surface from rusting. Rotating 
bands must not be painted.

27. For projectiles used with cartridge cases, the exteriors from rotating 
band to base shall not be painted, but shall be coated with vaseline.

28. The standard colors to be used in painting projectiles are shown in Ord­
nance Pamphlet No. 368, Part I, Plate I. The surface of the projectiles should be 
carefully cleaned before painting and all grease or oil removed; paint should in all 
cases be applied evenly and the thickness of the coat limited to the least amount 
required to protect the surface and produce the desired color. Exterior paint shall 
conform to Standard Navy specifications for paints.
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29. The distinctive colors mentioned in paragraph 25, exterior paint, above 

for indicating the type of projectile are as follows:
Armor-piercing projectiles.............................................Black.
Common projectiles...........................................................Slate color.
Class B projectiles..............................................................Dark green.
Shrapnel..................................................................................White.
Target projectiles................................................................Unpainted.
Illuminating projectiles...................................................Light blue with white star.
Antiaircraft........................................................................... Unpainted.

30. One-pounder antiaircraft projectiles are issued to service unpainted, but
lightly coated with vaseline. .

(ioad,edCta1Bd 31. The distinctive colors mentioned in paragraph 25, exterior paint above for 
fused). indicating the kind of projectile filler, are as follows:

Black powder........................................................................Slate color.
Explosive “D”........................................................................Yellow.
T. N. T......................................................................................Dark green.
Blind loaded.......................................................................... Unpainted.
Gas............................................................................................. Red (with geometrical figure).

(The geometrical figure will be of a size which can be inscribed in a circle of 
one-half the diameter of the projectile and of such a shape and color as will desig­
nate the kind of gas-producing material. The meaning of the geometrical figures 
and colors will be known by the manufacture, bureau, inspector, and ammunition 
depots only.)

32. The burster charge of projectiles loaded with T. N. T.-B. P. shell filler 
shall be indicated by painting the ogival dark green for one-half caliber distance 
from the point toward the bourrelet followed by a band of slate color one-half 
caliber wide. Similarly the burster charge of projectiles loaded with the D-B P 
shell filler shall be indicated by painting the ogival yellow for one-half caliber dis­
tance from the point toward the bourrelet followed by a band of slate color one-half 
caliber wide. (See United States Naval Ordnance Manual, Pt. V, arts. 221-223.) 
Projectiles gas loaded will have a red band below the one indicating the explosive 
in a similar way, and if a mixed projectile filler is used, the distance will be divided 
into thirds with yellow or green at top, slate next, and red next.

33. Projectiles fitted with night tracers or tracer fuses shall have a white band 
1 inch wide painted around the ogival of the projectile just below the color indicating 
the bursting charge. If any projectile in which the color indicating the bursting 
charge may extend to the bourrelet, the white tracer band shall be painted on the 
ogival next to the bourrelet. For shrapnel fitted with tracers, the tracer band shall 
be black.

34. Nose fuses shall never be painted, except that the tips of time fuses shall 
be painted red to distinguish them from time-percussion fuses.

35. The paint indicating the bursting charge of projectiles fitted with nose 
fuses shall begin immediately below the fuse and shall extend toward the bourrelet,



PLATE XXVIII,

A.P. EXP. D.
TR

COM. B.P. 
NO TR.

COM. D.-B.P. 
TR.

Projectiles, Loaded and Fused





PLATE XXIX.

TYPE OF FUSE.

TRACER COLOR BAND WHITE.-

FOR SHRAPNEL, COLOR BAND BLACK?

WITHIN THE SPACE BELOW, AROUND THE BODY PARALLEL

WITH THE BAND, THERE SHALL BE CLEARLY AND LEGIBLY

IlTE^

IBLACK LETTERS
WEIGHT OF BURSTING. CHARGE.

INITIALS OF DEPOT, WITH DATE OF LOADING.

THE ABOVE DATA ALSO STAMPED ON THE BASE PLUG.

COAT WITH .VASELINE-?

THE FOLLOWING DATA STAMPED ON THE BASE­

TOTAL WEIGHT OF PROJECTILE COMPLETE,READY FOR FIRING:

STENCILED IN WHITE THE FOLLOWING DATA:-----------------------
\ IFOR SHRAP. USE

FOR PROJECTILES USED WITH CARTRIDGE CASES,

28015—24------ 17
Projectile Data.
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but in no case shall the bourrelet be painted. If the form of any projectile is such 
that a caliber distance from the point of its nose fuse toward the bourrelet extends 
beyond the bourrelet, the paint indicating the bursting charge shall stop at the 
bourrelet.

36. When projectiles are loaded, they shall have stamped on their base plugs 
(or on copper base cover of old style projectiles) and clearly and legibly stenciled 
around the body parallel to the band, the following: Type of fuse, weight of burst­
ing charge, and initials of depot with date of loading. Stenciling on projectiles to 
be in white letters 1 inch high (where.practicable) for all sizes below and including 6 
inches, 2 inches high for all above 6 inches. In case of shrapnel, letters will be black.

37. The total weight of the projectile complete ready for firing will be stamped 
on the base for projectiles 3 inches and larger after the word “COMPL” stamped 
on-base by manufacturer.

ainTunition 38. Boxes containing the cartridge case of 6-inch 50-caliber (Eng.), 6-inch 40­
45 caliber, and 4.7-inch (Eng.), separate case ammunition (Plate 30), shall be painted 
light green and shall be plainly marked with black letters, three-fourths inch 
high, as follows:

(a) On one of the sides adjacent to removable cover— 
Caliber of gun. 
Index of powder. 
Weight of charge. 
Initial velocity.
Mark, manufacturer, and date of primer. 
Name of depot at which charge was put up. 
Date.
Initials of gunner in charge. 
Initials of inspector in charge.

(&) On each end—
Caliber of gun. 
Index of powder.

When these boxes contain ammunition issued especially for target practice, 
they shall be painted red.

39. Boxes containing fixed ammunition (5-inch 40-caliber and below) shall 
be painted to indicate the character of the projectile as follows:

Armor-piercing projectiles............................................................................. Black.
Common projectiles.......................................................................................... Slate color.
Class B projectiles (see Ord. Pamphlet 368).................................... Dark green.
Shrapnel.............................. ................................................................................... White.
Target (blind) ammunition.......................................................................... Red.
Illuminating.......................................................................................................... Light blue.



PLATE XXX.

SEPARATE CASE AMMUNITION, 6750. 6745, 6740, 4".7 <ENGl

FOR SERVICE AMMUNITION, BOX PAINTED....... .........LIGHT GREEN

FOR TARGET AMMUNITION, BOX PAINTED.......... ...................... RED

Separate Case Ammunition Box.







PLATE XXXI.

BOX PAINTED ... _____ SLATE

i OF COVER PAINTED . ________________________ SLATE

BALANCE OF COVER PAINTED______________ ________ _ GREEN

BAND, 2" WIDE FOR TRACER FUSE PAINTED WHITE------- ?' BLACK STENCILED LETTERS---------

rnM W1 s.. ^FUS®^'NR rH '
sVo NO.OFROUNDS.I. C0M.WT.50 nVEL,2300 FS.

pp.MFRMK.XOAY^.^^ -

COMMON PROJECTILE. T.N.T.-B.P. BURSTER CHARGE.

Fixed Case Ammunition Box.
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PLATE XXXII.

BOX PAINTED . SLATE

I OF COVER PAINTED SLATE

BALANCE OF COVER PAINTED YELLOW

BAND 2" WIDE, FOR TRACER FUSE, PAINTED WHITE----------  f BLACK STENCILED LETTERS - -

COMMON PROJECTILE, D-B.P. BURSTER CHARGE

Fixed Gasp Ammnnitinn Rn





PLATE XXXIII,

BOX PAINTED RED

COVER PAINTED RED

?' BLACK STENCILED LETTERS

TARGET PROJECTILE

Fixed Case Ammunition Box.
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PLATE

BOX PAINTED

COVER PAINTED

DARK GREEN

LIGHT GREEN

CLASS B PROJECTILE, T.N.T. BURSTER CHARGE

Fixed Case Ammunition Box.





PLATE XXXV.

BOX PAINTED WHITE

COVER PAINTED WHITE

SHRAPNEL.

Fixed Case Ammunition Box.





PLATE XXXVI.

BOX PAINTED

COVER PAINTED

LIGHT BLUE

LIGHT BLUE

BUCK STENCILED LETTERS

WT OF CHARGE |0NA
S naval AMMUNITION

ILLUMINATING PROJECTILE.

Fixed Case Ammunition Box.





PLATE XXXVII.

COVER MARKINGS.

FOR BURSTING CHARGE COVER PAINTED

B.P_________________________________ SLATE

EXP.D_______________________________ .YELLOW

T.N.T.______________________________ -GREEN

T.N.T.-B.P-------------------------J GREEN I SLATE

BLIND LOADED.___________________RED

CARTRIDGE TANK MARKINGS.

FOR PROJ. BOTTOM PAINTED LETTERS STENCILED

COM_________________ ______SLATE_______________ BLACK

CL.B.— ________ ______ DARK GREEN____ BLACK

SHRAP. - WHITE BLACK

TARGET (BUND) —__RED_________________ BLACK

S. S.___________ _____ LIGHT BLUE________ BLACK

[-WHITE TRACER BAND

BLACK STENCILED LETTERS

GALVANIZED STEEL. UNPAINTED

SHEET STEEL_____________ -BLACK

Cartridge Tank.



PLATE XXX.

SEPARATE CASE AMMUNITION, 6’750. 6745, 6740, 4".7 (ENG).

FOR SERVICE AMMUNITION, BOX PAINTED....... .. ...... LIGHT GREEN

FOR TARGET AMMUNITION, BOX PAINTED____________ _______ RED

Separate Case Ammunition Box.







PLATE XXXI.

BOX PAINTED . . . . . -SLATE

1 OF COVER PAINTED _________________ _____ .SLATE

BALANCE OF COVER PAINTED_____________ ____________ -GREEN

BAND, 2" WIDE FOR TRACER FUSE PAINTED WHITE------- f BLACK STENCILED LEITERS---------

——

DEPOXKWA^.•^s.m58.wt.ofch^e®

COMMON PROJECTILE. T.N.T.-B.P. BURSTER CHARGE.

Fixed Case Ammunition Box.



I
t
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Fixed Case, Ammunition Box





PLATE XXXIII.

Fixed Case Ammunition Box.





PLATE XXXIV,

Fixed Case Ammunition Box.





PLATE XXXV.

BOX PAINTED WHITE

COVER PAINTED WHITE

BAND, 2" WIDE, FOR TRACER FUSE PAINTED BLACK-------- f BLACK STENCILED LETTERS-

SHRAPNEL.

Fixed Case Ammunition Box.





PLATE XXXVI.

BOX PAINTED

COVER PAINTED

LIGHT BLUE

LIGHT BLUE

f BLACK STENCILED LETTERS

5/40. NO- OF ROUNDS,! 
WT. OF CHARGE 10.5 LB 
U. 5. NAVAL AMMUNJL^

ILLUMINATING PROJECTILE

Fixed Case Ammunition Box.
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Cartridge Tank.
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(a) The top and edges of the covers of boxes containing fixed ammunition 

shall be painted to indicate the kind of bursting charge as follows:

Black powder........................................................................  Slate color.
Explosive “D”............. ..........................................................  Yellow.
T. N. T..................................................................................... Green.
T. N. T.BP............................................................................ One half width green, other

half slate color.
Blind loaded..........................................................................  Red.

40. Boxes containing fixed ammunition (Plates 31 to 36) shall be plainly marked munHionboxe8. 
with black letters three-fourths of an inch high (except black-painted boxes con­
taining armor-piercing projectiles which are marked with white letters), as follows:

On one side adjacent to removable cover or hinged top—
Caliber of gun; number of rounds.
Character of projectile and weight.
Type of fuse.
Kind of bursting charge.
Index number of powder.
Weight of charge.
Initial velocity.
Mark, manufacturer, and date of primer.
Name of depot at which ammunition was put up. 
Date.
Initials of gunner in charge. 
Initials of inspector in charge.

On each end—
Caliber of gun; number of rounds.
Index of powder.

41. Boxes containing ammunition fitted with night tracers or tracer fuses shall 
have a white band 2 inches wide encircling the middle of the box parallel to the ends. 
In the case of white boxes containing shrapnel the band shall be black.

42. Each ammunition box shall have wired to it a cloth tag giving the full 
information which is required to be stenciled on the side adjacent to the cover.

43. Cartridge tanks (Plate 37) have bodies of galvanized steel, and these shall not taVkVr fix I a 
be painted. The bottom of these tanks shallbe painted a color to indicate the charactercase'
of the projectile as prescribed in paragraph 38 (a), while the cover shall be painted 
a color to indicate the kind of bursting charge as prescribed in paragraph 38 (6).

(a) Cartridge tanks shall be marked on the body (or bottom) with the full data 
prescribed for the sides of ammunition boxes in paragraph 40. The cover shall be 
marked with the following:

Caliber of gun; number of rounds.
Index of powder.
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(&) The tracer band, if required, shall be painted on both cover and bottom, 

but should not be painted on the body of the tank.
(c) Cartridge tanks should be tagged like ammunition boxes, the tags to 

give full information regarding the ammunition as specified in paragraph 42.
(d) Tanks made of sheet steel painted will conform to the same requirements, 

munition boxa.m' ^4. Ammunition boxes containing saluting or signal-gun charges (Plate 38) shall
be painted lead color, except the top, which shall be painted half white and half 
red, and shall be marked with black letters, three-fourths inch high, as follows:

Top of box—■
Caliber and “saluting” (or “signal gun”).
Character and weight of charge. 
Name of depot where prepared. 
Date.

. Initials of gunner in charge.
Initials of inspector in charge.

Front, of box—
Caliber and “saluting” (or “signal gun”).

45. As the previous distinction between blank charges for “saluting” and for 
“signal-gun” purposes has largely been lost and as special 3-pounder and 6-pounder 
“signal-gun” charges are no longer prepared except by special direction of the 
Bureau of Ordnance, the previous requirement of a box painted light blue for 
signal-gun charges is canceled and all boxes containing blank charges will here­
after be marked and painted in the standard manner prescribed for saluting charges. 
The characteristics of any special ammunition should be noted in the markings on 
top of the box.

46. Each saluting ammunition box should have wired to it a cloth tag giving 
the information shown on the top of the box. When saluting ammunition is 
prepared on board ship, new tags will be placed on the ammunition boxes giving 
the initials of the gunner or other officer who supervised the work. (Ordnance 
Pamphlet No. 20, App. K.)

samp^eatanks.“ * 47. Four-inch and 5-inch tanks, full size or cut down, for replacement sample
tanks (Plate 39), when issued for this purpose, shall be painted as follows:

(a) A red band shall be painted around the body of the tank, 6 inches wide, 
and shall have stenciled on it in white--

Replacement sample.
Index: SPD____
Caliber.
Weight of charge.
Weight of sample.

(&) The top and bottom of these tanks will not be painted, but the top will be 
stenciled—

“Replacement Sample: SPD____ ”



PLATE XXXVIII.

Saluting Ammunition Box.



■



PLATE XXXIX.

CANVAS BAG

FIG. I. REPLACEMENT SAMPLE BAG.

FIG. 2. REPLACEMENT SAMPLE TANK.

Replacement Sample Containers.







PLATE XL.

--------- ? BLACK STENCILED LETTERS

X

BOX AND COVER
UPPER HALF . .... WHITE 
LOWER HALF BLACK

Drill Case Ammunition Box.
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48. Ammunition boxes containing dummy cartridges (Plate 40) shall be painted tl^nrl11 

half black and half white with the dividing line parallel to the top of the box, 
upper half white. The box shall be plainly marked on top and front with black 
letters three-fourths inch high, as follows:

Dummy cartridge.
Caliber of gun.

49. Dummy bag charges (Plate 41) issued for drill purposes shall be plainly sten­
ciled “Dummy” and powder tanks containing such charges shall be plainly marked 
“Dummy charge.” (See United States Naval Ordnance Manual, Pt. V, art. 243.)

50. Aircraft bombs (Plate 42) will follow the same general scheme of marking b0^*gr c r a f 1 
as laid down for projectiles.

(a) The head will be painted to show the type of filler as follows:
T. N. T......................................... Green.

. . [Green. Line of demarcation to show percentage.Amatol.........................................„ 1 °[Yellow.
Gas................................................. Red.

(A geometrical figure denoting the type and kind of gas-producing material 
will be painted on the head, in a manner similar to that used in painting projectiles.)

Incendiary.............................................................................................................................. White.
Dummy.....................................................................................................................................Slate.

(6) The type of bomb will be shown by the painting of the remainder of the
body as follows:

Demolition..............[
Antisubmarine. ..[Large capacity thin walls.................................................... Green.
Incendiary.............. J
Fragmentation...........................................................................  Slate.
A. P..............................................................................................................................................Black.

(c) A white band 4 inches wide will be painted around the body at the center 
of gravity. The type mark and modification of the fuse will be stenciled on this 
band in letters 2 inches high.



PLATE XLL

BLACK STENCILED LETTERS------------------------------- HEAVY CANVAS--------

6/53 DUh IMY.

FIG. I. DUMMY BAG CHARGE

FIG. 2. DUMMY CHARGE POWDER TANK

Drill charge Ammunition Containers.



PLATE XLII.

DEMOLITION AND INCENDIARY BOMBS

SMOKE

BLACK STENCILED 
LETTERS.

INCENDIARY.

DUMMY.

T.N.T.

GAS. ILLUMINATING.

ARMOR PIERCING AND FRAGMENTATION BOMBS.

A.P. T.N.T. A.P. GAS. FRAG. T.N.T.

Aircraft Bombs.





Chapter XIX.

PYROTECHNIC MATERIALS.

1. Present-day pyrotechnic materials have resulted from a gradual develop- Pyoteciinj. 
ment from fire. Pyrotechny, or the art of fire, is usually considered as the art of 
producing pleasing scenic effects by means of fire. The effects formerly utilized for 
display purposes lend themselves readily to many uses in the art of war, and conse­
quently recent developments in this direction have been very rapid. Fire was 
originally used considerably in various forms of worship. Priests used many
secrets concerning the nature and operations of the element for the mystification 
of the people. The knowledge they gained was later passed on to magicians and 
then to the alchemists. The change from alchemy to chemistry followed, and 
eventually the art of fire has been taken up by the scientist to produce modern 
pyrotechnics. In the use of the materials as required for military purposes, the 
art of pyrotechny is now restricted more particularly to the production of aerial fire.

2. The effects desired in scenic displays tended toward a variety of colors, asus“daterl al 
well as the display of fire in various forms and patterns. The materials used were 
saltpeter, sulphur, charcoal, iron, and salamoniac. With this small variety beau­
tiful effects were obtained, but modern chemistry has added many other materials
to the fist of available substances, such as phosphorus, arsenic, mercury, barium 
nitrate, magnesium salts, lime salts, potassium nitrate, potassium chlorate, alumi­
num, resin, strontium, carbonate and oxalate, potassium permanganate, sodium 
oxalate, and other metals, so that a great variety of fighting, smoke, and other 
effects may be obtained. The rocket has been known and used for many decades 
and has been made in various sizes. The modem improvements consist in the star 
arrangement and the substitution of various colored smokes for the fire. At one 
period rockets were used for projectiles in offensive and defensive operations.

3. Pyrotechnic materials are provided by the Bureau of Ordnance, either pyro’
manufactured at a Government plant or obtained from private manufacturers.
They consist of star rockets, smoke rockets, Very’s stars, rifle lights, blue lights,, 
red lights, wing or landing flares. Certain other pyrotechnic signal material is 
provided by the Ordnance Department of the Army, and sometimes used by the 
Navy. Description of such materials is obtained from Army publications. The 
development is still continuing in this branch and changes and additions may be 
expected.

4. The most commonly used form of pyrotechnics for signaling and sometimes Bocket* 
for illuminating purposes is the rocket. It is in effect a projectile, containing a 
composition. which, as it burns, generates sufficient gas which, as it escapes at the

(245)



246
base, drives the rocket forward by reaction against the air. The same principle is 
involved as in gun recoil or water-jet propulsion of a vessel. The rocket case is 
always cylindrical, generally formed of pasteboard covered with tin, partly filled 
with the propelling composition, and, for military uses, has, in addition, a burster 
charge to be set off at the end of the flight for expelling the signaling contents, either 
stars, serpents, smoke, or illuminating material. The case is given a certain fixed 
amount of choke in order to get the proper gas discharge. A stick or staff is always 
attached to a rocket to give it stability in flight. It acts as a counterbalance against 
the weight of the rocket, so that the action of the gases, from combustion within 
the air chamber of the rocket, is downward, thus making the course of the rocket 
upward. Light wood is used, generally pine. The end attached to the rocket 
should be square in section and of a thickness equal to one-half of the diameter of 
the rocket, then tapering toward the tail to one-fourth of this size. The length 
and balance of the stick has an important effect on the flight, as the longer it is 
made the more nearly vertical the flight. The rocket with stick attached should 
balance about two case diameters from the lower end of the rocket body. Care 
should be taken to see that the stick is securely fastened to the rocket to insure a 
good flight. A rocket should be placed at an angle of 70° to the horizonal for firing. 

Navj rocket. 5. There are a number of old type Navy rockets still in service, but no more will 
be manufactured, as this type will eventually be replaced by the shower type. The 
Navy old type consists of a thin tin cylinder lined with several ply of heavy paper. 
The rocket composition or propelling charge consist of refined niter, willow char­
coal, meal sulphur, and meal powder in definite proportions by weight. In 
assembling a rocket the paper is rolled on a former and pasted together with flour 
paste and the choke is formed by wrapping with twine while still wet. The paper 
is then inserted in the tin case and allowed to dry. The tin case is placed in a steel 
mold, so fitted to support the choked end and to cause a spindle to project up through 
the choke. A clay plug is first pressed into place f inch thick after pressing. 
The rocket composition is then added, a small amount at a time, and compressed 
under a pressure of 2| tons. When the case is filled to | inch from the top 
another clay plug is made and compressed in place, and through this a piece of 
quick match is inserted. The conical top is then put on containing the stars and 
a small quantity of rocket composition, which is fired with the quick match when 

♦the rocket composition ignites the latter. When thus made the case is withdrawn 
from the mold and a piece of quick match is placed in the aperture made by the 
spindle of the mold, the excess coiled up and the lower end covered with a paper 
seal to keep out moisture. The quick match is made by soaking cotton wicking 
in paste made of meal powder, vinegar, gum arabic, and alcohol. To get the rocket 
ready for firing, break the seal and let the quick match drop out so that it may 
be ignited. The rocket will attain a height of approximately 800 feet, the stars 
giving a white light.





PLATE XLIII.

NIGHT DISTINCTION TAGS, WITH DIFFERENT SHAPES, AS SHOWN.
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[—INSTRUCTIONS FOR USE COLOR BODY BAND-------- ■BURSTING CHARGE

rBODY CAP BODY TOP ----- -IGNITION DISC

IGNITION FUSE DISCHARGE FUSE-i ----- COLOR BODY

r-QUICK MATCHCHARGE---------

BODY BOTTOM rSTAR COMPOSITION

FUSE CASE-

IING COMPOS

HOLDER TOP BAND

SOCKET­ STICK SPRING-1 TOP

FIG. 2.

»
Star Rockets.





PLATE XL1V.

NIGHT DISTINCTION TAGS, WITH DIFFERENT SHAPES, AS SHOWN.

FIG. 1.

r—INSTRUCTIONS FOR USE BODY TOP

rBODY CAP COLOR BODY BAND

BURSTING CHARGE

SOCKET­

BODY BOTTOM CHARGE—i COLOR BODY

IGNITION FUSE­

STICK—

i-PILL BOX STARS
I

DISCHARGE FUSEq

BODY DISC­

HOLDER TOP BAND

STICK SPRING—' TOP

FIG. 2.

»
Shower Rockets.





PLATE XLV.

NIGHT DISTINCTION TAGS, WITH DIFFERENT SHAPES, AS SHOWN.
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PLATE XLVII.
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NIGHT DISTINCTION TOPS, WITH DIFFERENT SHAPES, AS SHOWN.
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PLATE XLVIII.

FIG. 1.

NIGHT DISTINCTION CAPS, WITH DIFFERENT SHAPES, AS SHOWN.

FIG. 2.

Rifle Signal Lights.
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PLATE XLIX.

FIG. 1.
NIGHT DISTINCTION HANDLES, 

WITH DIFFERENT SHAPES AS SHOWN.
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FIG. 2.
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6. The single-star meteor rocket (Plate 43), red, green, or white, is made in a man- staT rocket- 

ner similar to the old type Navy rocket. It has a case If-inch bore and 12 inches long,
with a head lff-inch bore and 4 inches long. The rocket composition consists of 
8| ounces of a composition suitable to give a rise of 800 feet, similar to the compo­
sition used in the old type. The stick is about 6 feet long, arranged to fit the socket 
on the case with a notch cut in the upper end to engage a spring in the socket to 
prevent its slipping out. The cap is made of wood of different shapes to permit 
distinguishing the different colors at night. The meteor star consists of a card­
board tube filled with the star composition, primed at both ends, and wound with 
quick match, the whole wrapped with a piece of paper of a color the same as the 
color of the star. In addition an ignition disk is placed in the star-chamber wound 
with quick match which is in contact through the clay plug with the rocket com­
position. The stars burn brightly as they fall through the air, and leave a brightly 
burning trail of good duration similar to a meteor. The bodies are painted drab 
color and the head the color to denote the color of the star. Each rocket is then 
wrapped in soft paper with some fused matches attached and sealed. A piece 
of twine is placed under the paper with a tag at the end, and is so fitted that by 
pulling the twine the covering is torn off. By dipping in melted paraffine the 
whole assembly is made waterproof. A label giving directions for use with other 
data regarding manufacture, etc., is then pasted on the exterior. The rockets are 
packed in sawdust, 12 to a wooden box, the sticks being packed separately, 6 in 
a bundle, and 18 bundles in a wooden box.

7. The signal-rocket parachute star is made in a manner similar to a meteor Slgnal ro,ket- 
star rocket, except that the star is 1| to 1| inches in diameter, and of sufficient
length to burn from 45 to 60 seconds. They are made in three colors—red, green, 
and white—and there is attached to the star a parachute made of Japanese paper.

8. A shower rocket (Plate 44) is similarly constructed, except the garniture shower rocket, 
consists of 12 pill-box stars | inch in diameter and of sufficient length to burn
from 8 to 10 seconds.

9. The tops of all rockets and the shapes of the tags attached to the tear-off Dia^|ntlflcatlon 
twine show the color of the stars.

10. Smoke rockets (Plate 45) are similarly made except as to contents of upper smoke rock­
chamber. There are two tubes for black smoke If-inch bore by 2| inches long,
with both ends of each fitted to ignite simultaneously. A celluloid partition is fitted 
at each end of the smoke cylinders in which are placed the following chemicals: 
Hexachlorethane, magnesium powder, and anthracene, with an ignition powder 
composed of reduced iron and potassium nitrate. For the red, yellow, green, and 
blue smoke rockets, the smoke mixture is contained in a single-rolled paper tube, 
the following chemicals being used:

Red:
Potassium chlorate.
Lactose.
Paranitraniline red.
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Very signals.

Very stars.

Yellow:
Potassium chlorate.
Lactose. 
Auramine. 
Chrysoidine.

Green:
Potassium chlorate.
Lactose. 
Auramine. 
Indigo.

Blue:
Potassium chlorate.
Lactose.
Indigo.

The ignition powder is charcoal and potassium chlorate. The rockets are 
packed similarly to the meteor star rockets.

11. In addition to the rockets, signal cartridges are issued for use in the Very 
pistol. This pistol (Plate 46) is designed to take a 10-gauge shotgun, center-fire, 
brass-headed, paper shell. The pistol is a simple single-loading one, with a steel 
barrel about 9 inches long tapered at the muzzle. A lug on the underside is re­
cessed for the extractor and arranged to fit in the hinge plate of the frame. The 
handle is bronze with two walnut sides. The frame is an irregular shaped piece of 
bronze to which the other parts are attached. The firing mechanism consists of 
trigger, trigger spring, hammer, main spring, faceplate, firing pin, and firing-pin 
spring. The extractor, a steel cylinder, fits into a recess in the lug of the barrel, 
and has a lug on its rear face which catches the rim of the cartridge as the barrel 
moves around the hinge pin. To operate, press in the barrel catch and break open 
the barrel by pressing it down. Insert the cartridge and return the barrel to its 
original position. Be sure the barrel is locked closed. (Caution.—Never fire a 
Very star in a shotgun or a shotgun cartridge in a Very pistol. The pistol may 
be single, double, or triple barreled.)

12. Very cartridges (Plate 47) are red, green, and white. Standard shotgun 
shells and primers are used. Each cartridge has the firing charge of about 25 grains 
musket powder and a star made of the following composition :

Red:
Chlorate of potash.
Strontium carbonate. . 
Orange shellac powdered.

Green:
Barium chlorate.
Powdered orange shellac.
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White :

Saltpeter.
Sulphide of antimony.
Sulphur.
Mealed powder.

The star is separated from the propelling charge by a felt wad to protect it 
from the violence of the explosion. The star consists of a tightly packed cylinder 
of the pyrotechnic material, reinforced with wire and wrapped with quick match. 
One end is primed with a small amount of black powder to insure ignition, which is so 
designed that the star comes to full brilliancy just prior to reaching the crest. The 
cartridges containing the different colored stars may be distinguished by the color 
and surface of the wad crimped in the end.

13. The stars are packed 12 to a cardboard box, each star in a separate com- gtRra c k 1 n s of 
partment. The boxes are wrapped with paper and shellacked to keep out moisture.

14. Another method of signaling is offered by use or rifle lights. A special dl^Cha‘ger*,ght 
discharger is required, designed to fit over the muzzle of the rifle and lock in place '
with a bayonet joint over the front tight. The firing charge is contained in a special 
blank cartridge which is fired in the lock in the usual way. The gas from the blank 
cartridge ejects the rifle light from the discharger. As the recoil is excessive, the 
rifle should be rested on the deck or ground and held at the desired angle of eleva­
tion, usually about 70°. The discharger will fit any service rifle, and should the 
special blanks not be available, a service blank may be used, but will give less range 
than the special cartridge provided. Never use a service cartridge with a bullet 
for discharging a rifle light.

15. The rifle light (Plate 48) consists of a cardboard tube with wooden base R,fle ,,ght- 
and head plug, and containing 12 stars of either red, white, or green color. On 
discharge, the priming composition in the base plug ignites a fuse which is so timed
that it will light off an additional amount of priming composition and eject the 
stars from the tube as it reaches the top of the trajectory. As with rockets, the 
color of the paper and the1 shape of the head plug denote the color of the stars. 
Special types of these lights have been tried with 1,3, and 6 star combinations, and 
also with parachutes attached.

16. The blue signal light (Plate 49) consists of a tube fitted with a handle and Blue)t?ht- 
containing a special composition. The upper end is closed by a cover with a small 
amount of cotton inside of it. The outside of this cover is coated with a substance 
similar to that found on safety-match boxes for igniting safety matches. The 
burning composition at the upper end of the tube is covered with a piece of cloth 
impregnated with an igniting compound similar to that found in safety-match
heads. To operate, remove cap, invert same and scrape it across the upper end of 
the tube, thus causing ignition in a manner similar to striking a match on a box, but 
do not hold the light vertically as burning particles will drop from it. The burning 
composition may ignite the deck or other articles, so care should be exercised in 



250
selecting the proper place for burning the light. The end of the handle is cut down 
as a distinguishing mark for night work. The whole light is wrapped with paper 
and waterproofed, and fitted with a tear-off strip for removing the cover.

^Distress sig- 17, The rej Jistress signal (Plate 49) is similar in construction to the blue 
signal light, but has different markings. It is designed to burn 2| minutes.

rotechnicsF py’ 18. Pyrotechnic material is to be considered a fire risk and treated accordingly. 
Each vessel is assigned certain quantities of each type according to her allowance 
list. When the store is drawn on for use, care should be exercised to see that the 
material which has been on board the longest time is issued first. This type of 
material may deteriorate so in storage, as it gets old, that failures may be expected. 
Consequently, the latest manufactured should be retained for service use. The 
date of manufacture appears on each article and container. If pyrotechnic mate­
rial becomes moist it will not function properly, hence the storage place must be 
kept dry. As this material is used up in exercises, replacements to complete 
allowances will be filled by the ammunition depots on request of a commanding 
officer.



Chapter XX.

INTERIOR BALLISTICS.

1. The study of ballistics includes the study of the general system by which 
a projectile is fired from a gun to hit a distant target. It is readily divided into 
two branches, i. e., exterior ballistics, dealing with the flight of the projectile after 
leaving the muzzle of the gun, and interior ballistics, dealing with the phenomena 
which take place within the gun. The artillerist is more interested in the subject 
of exterior ballistics, for within the realm of this subject are found the factors with 
which he must deal in order to obtain the maximum effect of the implements 
placed at his disposal. The subject of exterior ballistics is treated in the Naval 
Academy book “The Groundwork of Practical Naval Gunnery or Exterior Bal­
listics.” The subject of interior ballistics is a matter of great concern and study 
for the designer, as the form of the gun, the rifling, the length of bore, and the 
powder must be such that the projectile is ejected with the greatest muzzle velocity 
obtainable. For naval practice, the demand is for the highest practicable velocity 
and flat trajectory. The designer, to produce the required results, must, from a 
study of interior ballistics, so design the gun and ammunition that undue strains 
may not be produced, and that the gun will be able to fire a great number of rounds 
without undue wear or erosion. As these different requirements do not go together, 
it is necessary to determine a velocity which must be of the nature of a compromise.

2. In laying down a new gun it is not possible to fix any requirements alone baYiistics!,lterlor 

for either the gun, the powder, or the projectile, as the effects of changes in any
one reflect in general in the designs of the others. The final answer is obtained only 
after a consideration of all factors. The gun has fulfilled its requirements when 
without undue strain it has delivered the projectile at muzzle at the required veloc­
ity in true flight. Effects acting on the projectile thereafter are within the prov­
ince of the artillerist in causing the projectile to arrive at a predetermined place. 
The connecting link then between the designer and the artillerist is the velocity of 
the projectile and its true flight.

3. The field of interior ballistics covers the determination of the velocity, the . Extent or. .... . terlor ballistics,
accompanying pressures and their action on the gun and projectile, the effect on 
the velocity and pressure of changes in powder, weight of charge, density of load­
ing, volume and form of the powder chamber, weight of projectile, the ignition of 
the charge, the rifling and projectile band.

4. A gun is a mechanical device, composed essentially of a tube, closed at one Gun nequire- 
end at the moment of firing, capable of containing a projectile and a propelling '

(251)
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Mechanical.

Ballistic.

Service.

Powder.

Powder cham­
ber.

D e n s I ty of 
loading.

charge and of so controlling the explosion of the charge as to discharge the pro­
jectile with a high velocity. It must fulfill the following conditions:

(a) Its construction must be such as to withstand the pressure and other 
actions of the rapidly burning propelling charge. After the powder pressure in 
the gun has been determined by interior ballistics the strength of the gun is gov­
erned by the study of the “elastic strength of guns.” The construction of the gun 
must give the required strength and the arrangement of parts is decided upon by 
the designer in accordance with the special requirements for the gun under 
consideration.

(&) The gun must produce a given ballistic result, i. e., must deliver a certain 
weight of projectile at a given velocity with the minimum possible stresses on the 
gun. These conditions are the special field of the study of interior ballistics.

(c) The gun must easily fulfill the necessities of the service relating to the work­
ing of the breech, the loading, training, and aiming of the gun. The last two, 
however, are more properly matters of the gun mount rather than the gun itself.

5. Present gun powder is a “smokeless powder” composed of a single chemical 
element—cellulose nitrates—colloided by the addition of a small amount of sol­
vent. Some foreign countries use a so-called double base smokeless powder made 
from cellulose nitrates, and nitroglycerin, such as the cordite used by England. 
The manufacture of smokeless powder is described in chapter 8. To function 
satisfactorily as a propellant, powder must burn relatively slowly and not detonate. 
When a substance detonates, it turns almost instantly into a gaseous state, sub­
jecting its container to a great shock and large stresses. Should such a substance 
be used in a gun it would be most inefficient as will be seen later from a consider­
ation of the pressure curve in the bore. A substance which burns slowly enough 
so that the volume of gases is added to as the projectile moves down the bore re­
sults in more efficient application of the energy and permits of lower maximum 
pressures. The attempt to adapt high explosives in the form of guncotton led to 
the development of the present type of propellants.

6. That portion of the gun which contains the powder before firing is the 
powder chamber. The projectile is seated in the bore and with its base closes the 
front end of the chamber while the breech block closes the rear end, thereby form­
ing the chamber in which the gases are burned. The chamber volume is an im­
portant consideration in the study of interior ballistics.

1. The density of loading is the ratio of the weight of the charge to that of a 
volume of water sufficient to fill the powder chamber. The volume of the powder 
chamber is usually denoted by the letter “ S,” the weight of charge by “W, ” and 
the density of loading by A- One pound of water occupies 27.68 cubic inches, 
then

W 2 7.68 W- g—=denslty of loading of A=“ 

27768
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8. The bore of the gun is the part of uniform diameter traversed by the pro- Travel of pro­

jectile, usually called the “travel of the projectile,” and is denoted by thelectIIe" 
letter “u.”

9. Mathematical analysis, based upon certain fundamental assumptions, allows mJ]8aes of for’ 
the deduction of various formulas concerning the elements of a gun and ammuni­
tion, from which the action of the gun may be predicted. Formulas giving the 
interrelation of these elements permit the determination of any unknown when
the others have been determined. The use of such formulas may be appreciated 
in designing a gun or powder. For instance, for a given muzzle velocity and 
limiting maximum pressure, it is possible with present-day formulas to determine 
the volume of the powder chamber and weight of charge. From these the pres­
sures existing successively in the bore as the projectile travels down the gun may 
be found and the gun may then be designed to afford sufficient strength throughout 
its length. From a consideration of the velocity and pressure the most suitable 
powder may be designed for a gun of similar proportions but of different caliber, 
or the adaptability of a powder for another gun or the variations to be expected 
by varying the weight of charge, weight of projectile, etc., may be found. ,

10. From a rough estimate of the phenomena taking place in a gun, the number of DJ^tertormbait- 
of variables concerned, the fact that the volume of gases is constantly changingUstlcs-
due to the motion of the projectile, the difficulties in measuring certain effects, 
such as the loss of heat in the metal, leakage around the band, expansion of chamber 
and bore, recoil energy, air pressure in front of projectile, friction of gases, the 
resistance of the projectile, and many other considerations, it may readily be seen 
that the problem of expressing the laws governing interior ballistics is by no means 
a simple one. The first deep study of interior ballistics was taken up by General 
Rodman, of the United States Army. The French followed with exhaustive .
research, which resulted in formulas for the action of geometrically grained black 
powders in a gun, as worked out by Emile Sarvau, engineer in chief of the French 
powder factories. He considered the elements of granulation, density, and velocity 
of combustion of the grain, both in air and in the gun, and obtained working formulas 
which gave results confirmed by experimental firings. Certain assumptions, neces­
sarily not absolutely exact, were made to provide an initial point for mathematical 
analysis, and the constants employed in his formulas were so modified, after experi­
mental firing, as to obviate the effect of these inexact assumptions. These assump­
tions were: (1) The gases expand adiabatically; this, of course, neglects the heat 
expended in heating the walls of the gun and the bore of the gun; (2) the time 
required for the complete inflammation of the charge is negligible as compared 
with the time of combustion. The Sarvau formulas giving expressions for the 
velocity and the pressure at any point of the travel of the projectile have been 
adopted with but slight modifications as standard for black powder. Black pow­
ders burn more rapidly than equal thicknesses of smokeless powders, so when the 
change to the latter occurred, the Sarvau formulas were found not sufficiently
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accurate. Larger powder charges, burning more slowly, without undue pressures, 
produced greater density of loading, more volume of gas, greater energy, and 
higher muzzle velocity. Recent investigators have modified the Sarvau formulas 
and adapted them to the use of smokeless powder. LeDuc has deduced some 
semiempirical formulas from the results of experiments for calculation of interior 
ballistics and which have given very satisfactory results at the naval proving 
ground in computing the powder pressure in bore and the velocity of the projectile 
in bore when the maximum powder pressure is known. These latter formulas 
were derived partly from theory and partly from the results of firing experiments. 

>nJuiasaMon °f 11* The results obtained by the use of formulas are not infallible, but in general 
are close approximations to actual results obtained on firing with elements cal­
culated from the formulas. Calculated results are always checked by actual firings 
at the proving ground to insure against inaccuracies. The calculations, however, 
provide a starting point for such tests. When information is desired, in advance 
of any possible proof work, as in planning ammunition stowage and loading 
arrangements aboard new vessels, necessitating knowledge of weight and volume 
of charges and, in designing guns and powders, invaluable data are afforded by the 
application of interior ballistic formulas. In other words, while the results ob­
tained from theory are not to be regarded as final without proof, yet the knowledge 
of the principles of interior ballistics is and has been vitally necessary to the devel­
opment of naval ordnance.

Formulas used. 12. The subject of smokeless powder, ignition, combustion, granulation, and 
density is discussed in chapter 8. As may be seen therein, smokeless powder, even 
though made of a standard nitration and uniform shape of grain, may be so manu­
factured, by altering the web thickness, that different speeds of burning may be 
obtained, and that in fitting a powder to a gun one somewhat slower than the 
maximum powder is most efficient. In order to compute easily and quickly the 
curve of pressures in the bore, recourse is had to the LeDuc formulas’. The following 
symbols are used:

w=weight of charges of smokeless powder in pounds. 
p=weight of projectile in pounds.

•A=density of loading, which varies from 0.4 to 0.7. 
S=volume of powder chamber in cubic inches. 
V=muzzle velocity in foot-seconds.
u=travel of the projectile in the bore in feet. 
A=cross-section of bore in square inches. 
g=acceleration of gravity in foot-seconds. 
3=specific gravity of powder varying from 1.54 to 1.62. 
P=pressure on base of projectile in foot-tons.
B=powder constant, depending on form and dimension of grain, amount of volatiles, 

and temperature of powder, largest for slow powders.
“ a ” and “ b ” gun and powder constants.

A more complete discussion of interior ballistics may be found in Ordnance 
Pamphlet No. 411, and as the derivation of the forumlas used is outside the scope





Powder Test No. 2997.

From: Inspector of Ordnance in Charge.

To: Bureau of Ordnance. {Designation I. H. F. D. 9.

Index No. S. P. D. 1365.

Date. Time. 1
I Make. | Year.

I
Lot.

Oct. 19

Do.

Do.

Do.

N.G. F.

.do.

.do.

.do.

Projectile.

To base. Width Diam.

IM

1M
IM

IM

12 in

Mod. 1

14611

12.174

12.173

12.173

12.174

3.2.

50 caliber

No. 180—L

cubic inches

4

4

4

4
>

Weather: Fair.
Barometer 30.11 at 66° F.

Cotton: Tennessee fiber. 
Die: diameter .985

number of pins 7 
pin diameter . 072

Length of cut 1.75
Nitration 12.64%
Diphenylamine .45%

Temperature, F.: dry bulb 60.5; wet bulb 59.5.

Average web . 132
Outer web . 128
No. grains per lb. 30.6

28015—24. (To face p. 255.)

CURVES.Wind 0 knots at o’clock.
(XII o’clock head wind.)

Dry grain: length 1.61
diameter . 697

Diam. perforation . 057

320 340

I
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of this manual, the basic formulas alone will be set forth and a discussion given on 
their use.

Formulas.—For convenience the interior ballistic formulas most often used are pr°blems- 
grouped together.

8=1.672 —(.0178XT.V.) T.

a_®X27.68 II.

au
v~ b + u III.

a=6823A?J^y TV.

V.

b QX«S VI.P max (gauge)

»Xu
r~(b+u)3 VIT.

R=6.75 b2 P max (gauge) VITI.

Pm-^X
27 A2240XgXAXb IX.

Interior ballistics finds its daily service use in answering this question, which, sn||athl{® ^’7^ 
naturally, must be answered for each powder index manufactured. The firings snn? 
at the proving ground give the data from which to calculate the powder pressure 
at every point along the bore. A curve of these bore pressures is drawn and super­
posed upon the strength curve of the gun. If the ratio/, factor of safety, every­
where along the bore exceeds 1.4, the powder is considered suitable for the gun. 
This work forms a large part of the daily routine at the Naval Proving Ground at 
Indianhead, Md.

A powder, IHFD, lot 9, has been fired in the 12-inch-50 gun. The powder to calculate a 
test sheet herewith shows the results of the firing on October 19, 1915, and from pressnre curve- 
its curve of velocities measured by the chronographs. the charge of 322.5 pounds 
is picked off as giving the desired velocity.

In assigning the service charge for any gun the fact must be taken into con­
sideration that the powder is generally of necessity proved in guns that have been 
fired before and usually many times, while the charge to be assigned is one that in a 
new gun will give the desired muzzle velocity. Therefore the wear of the gun must 
be allowed for. The exact loss due to this wear has been determined from many 
actual firings, and has been tabulated.

28015—24------ 18
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NAVAL PROVING GROUNDS. POWDER TEST SHEET.

From. Intpcclor of Ordnance, in Charge.

To: Bureau of Ordnance.

Indian Head, Md., L
Powdrr.-j

Powder Test No. 2997.

LDmjpiaiton I. H. F.D. 
[index No. S. P.D. 1365.

Dato.

Oct. 19

Do.

Do.

Do.

To base.

8.44

8.54

9.05

9.16

do

do.

do

Weathor: Fair.
Baromoter 30.11 at 66° F.

V/2

V/2

Projectile.

Band.

Width Diam, Lip. Weight.

4

4

4

4

Temperaturo, F.: dry bulh 60.5; wet bulb 59.5.
Wind 0 knots at o’clock.

(XII o’clock head wind.)
Cotton: Tennessee fiber. Dry grain: length 1.61
Die: diameter .985 diameter .697

number of pins 7 Diam. perforation .057
pin diameter .072 Average web .132

Length of cut 1.75 Outer web .128
Nitration 12.64%, No. grains per lb. 30.6
Diphenylumine .157,

Curve of bore pressure.

2801$—21. (To face p.255.)

12.174

12.173

12.173

12.174

12.470

12.478

12.484

12.485

868

867.5

Powder.

Heated.

Shape From °F.

Slug...

...do....

. ..do....

...do....

65

65

65

65

Honrs.

66

66

66

66

230

330

344

322

Charge.

October 25,1915.

Chamher pressure. Muzzle velocity.

Gauges.

Mean.

Chronographs.

Mean.

1 2 3 4 5 6 A B c

7. 94 7.86 7.19 7. 66 2130 2130 2130 2130

16.20 16.84 16.84 16.44 16.68 16.76 16.63 2872 2872 2872 2872

18.89 19.08 18.71 18.08 18.71 17.99 18.58 2967 2967 2967 2967

15.30 15.59 15.73 15.14 15.66 15.66 15.51 2824 2824 2824 2824

Time in dry house: 116 days at 39.4° 0. 
66 days without heat.

German test, 135° C.{£" 5 +

Surveillance test 65° .5 C. days. 
Heat test of pyro. 65° .5 C. 354-minutes. 

Total volatiles, „ ___ _____
W. P. method Jas received 

Original firing testNo' 

Lot contains 100,123 pounds.
Disposition: 100,123 pounds to Naval Mag., Lake Denmark, 

N. J.
Bureau Assignment.

12"-50 
Mk. VII. 
2,900 f. s. 
1,200 grams.

[even lbs.) 323 lbs.

17.5 tons.

Jdry house condition 6.
Jas received 7.

This date.

P. G. ASSIGNMENT.

Gun: 12z/—50 cal.

Muzzle velocity: 2,900 f. s. 
Ignition: 1,200 grams C. P. 

Charge: 322.5 lhs.
Pressure: 17.55 tons.

12 in 50Gun

Mark VII Mod. 1 No. 180—L.

Chamber. 14611 cubic inches.

Rifling: Depth of grooves .075.

number of grooves 72.

pitch 1/50 to 1/32.

Number of sections 4.

Ignition per section 300 grams C. P.

Previous roundsJactual &2- .
[equivalent service 53.2.

Erosion loss:^^

CHARGE (LBS.)

VELOCITY AND PRESSURE CURVES.
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In the case in question it is seen that the loss due to erosion consistsjof 83 

foot-seconds in velocity and of 2 tons in pressure. Draw dotted lines parallel to 
the actual curves at the above distances and from these pick off the charge required 
to give a muzzle velocity of 2,900 foot-seconds, and the pressure that will be caused 
by this charge when used in a new gun. It is important to note that this decrease 
of pressure due to erosion is proportionally greater than the decrease of velocity; 
i. e., erosion decreases pressures more proportionately than it does velocity. The 
bearing of this fact upon all powder tests can readily be appreciated.

solution From equation VI obtain &, taking log Q from Table I.
<0=322.5..............................................................log.. 2.50853

One-sixth.....................log.. .41809
P max (gauge)=l 7.55.............................. colog.. 8.75572
Q.....................................................................log.. 9.52310

6=16.049......................................................... log.. 1.20544 and |=8.0245; ^=24.0735.

TABLE I.

Gun. Mark. Log. Q. U (total).

16-inch, 45 . 9.24345 51.821
14-inch, 50. . .. IV 9.36818 50.250
14-inch, 45. ... I 9.38686 45.204
13-inch, 35. 9.45155 31.211
13-inch, 35. ... I and II 9.45226 31.193
12-inch, 50. ... 9.52310 42.165
12-inch, 45.. .. V-5 and VI-3 9.52330 37.743
12-inch, 40. ... III-3 9.51251 32.751
12-inch, 35.. .. I 9.53776 28.907
12-inch, 35. ... II 9.53776 28.851
10-inch, 30. . .. I 9.73723 20.954
10-inch, 40. 9.70761 27.302
8-inch, 35 9.98716 20.537
8-inch, 45.......... 9.94946 24.971
7-inch, 45.......... 0.09235 21.651
6-inch, 40.. IV 0.30014 17.162
6-inch, 40.......... VII 0.30014 17.188
6-inch, 45.......... IX 0.30014 18.512
6-inch, 50.......... Arms. V 0.31411 22.312
6-inch, 50.......... VIII 0.26651 20.732
5-inch, 40.......... II and III 0.50802 13.982
5-inch, 50.......... V 0.46379 17.917
5-inch, 50.......... VI 3,000 f. s. 0.46488 17.917
5-inch, 51.......... VII and VIII 0.46530 17.929
4.7-inch_______ 0.58832 17.173
4-inch. 40. .............................................. 0.75121 11.198
4-inch, 50.......... VII 0.70364 14.018
4-inch, 50.......... VIII 0.70364 14.018
4-inch, 50.......... IX 0.70364 14.018
3-inch, F. G 1.16810 4.947
3-inch, L. G.. .. IV 1.13463 5.233
3-inch. 50____ 1.03594 10.658
6-nonnder '....................................... 1.38967 8.452
3-pounder . 1.56387 6.560
1-pounder......... 1.89975 4.406



257
In actual practice the omnimeter can be advantageously used in the solution 

of the remainder of the problem, and at the proving ground it is generally used. 
In order to explain the method more fully, the solution by logarithms here follows:

„ vrr r 17.55 X24.07353
From VIII it follows that R=------ 8 0245

17.55.................................... log 1.24428
8.0245 log .90442 colog 9.09558 

24.0735 log 1.38155 3 log 4.14465

R....................... log 4.48451

Now take three points in the travel of the projectile and calculate the bore 
pressures at each of these points, computing also the factor of safety at each of 
these points as the work progresses. The strength of the gun at the points used is 
taken from the strength cui've of the gun.

From VII it follows that

Three values of u are taken. The remainder of the work is as follows:

u1=8.14 feet................................. log .91062
b+Uj-24.189 log 1.38362

3 log 4.15086 colog 5.84914
R...............................................log 4.48451

30.16 
17.55“ 1.72

Pj = 17.549 tons............. log 1.24427

u2=20.81 feet............................. log 1.31827
&+u2=36.859 log 1.56655

3 log 4.69965 colog 5.30035
R...................................................log 4.48451 ^2—

20.07
12.68= 1.58

P2=12.68 tons............... log 1.10313

u3=40.64.......................................log 1.60895
&+u3=56.689 log 1.75350

3 log 5.26050 colog 4.73950
R...................................................log 4.48451

P3=6.807 tons................. log .83296

Now draw the curve of pressures and superpose it upon the curve of gun 
strength. A graphic representation of the relations between gun strength and 
bore pressures is thus obtained.

This is seen to be a very strong gun, and as the strength curve is regular it is 
only necessary to work out a few points as above. The pressure curve is now one 
that agrees with the gauges. Plot it upon the powder-test sheet, and lay down 
the strength curve of the gun to the same scale. The factors of safety,/, are worked 
out at the various comers of the strength curve where the value changes. The test 
sheet therefore indicates at a glance the suitability of the powder. If the gun is 
unduly stressed at any point, the powder must be rejected for that gun.
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Maximum pressure is thus seen to be not the whole consideration. It is possible 

for powders in some guns to be so "slow” that, while only a low pressure is obtained 
at the breech, the muzzle pressure would be sufficient to burst that part of the 
gun. This is readily appreciated if pressure curves for powders of various “quick­
nesses” are plotted. The muzzle velocity being fixed the curve areas must all be 
the same, and decreasing the curve ordinate at one end of the gun can only result 
in raising the pressure at the other end.

Problem.—The proof of a 5-inch 50 Mark V gun at Indianhead gave as results: 
Velocity of 2,700 foot-seconds, gauge pressure of 15 tons, charge of 19.2 pounds of 
powder, shell weighing 50 pounds. Determine the bore pressures at travels of 8, 
22, and 40 calibers.

Answer. 14.96 tons; 9.7 tons; and 5.3 tons.
The strength curve shows at these points strengths of 20.8, 14.6, and 6.5 tons. 

What is the factor of safety at these points and is the powder suitable for the gun ?
Answer. 1.39; 1.5; 1.2. The gun is too weak for this powder.
To calculate reduced velocities.—Due to certain circumstances it is often 

necessary to use only a part of the service charge. Thus it was at the Dardanelles 
in 1915 necessary for the battleship Queen Elizabeth to use but three of the four 
sections of the charges for her 15-inch 45 guns in order to produce a good (large) 
angle of fall on shore, while at the same time reducing the wear on her guns. In 
order that she might fire accurately it became necessary for her officers to calculate 
the reduced velocity and then by exterior ballistics the proper sight bar settings 
were obtained.

From the service charge a value of a is obtained from IV. This a is used in 
III to give b. This b used in V gives /?. It must be noted that A is different for 
the reduced charge. A new value of b for the reduced charge is then obtained 
from V. A reduced charge a is derived from IV. With these reduced charge values 
of a and b, the reduced value of the muzzle velocity is obtained from III.

Problem.—Given a 6-inch 50 gun, v = 2,800 foot-seconds; 3 = 1.58; p = 105; 
w = 38 pounds; $ = 2,101 cubic inches. Calculate the velocity that will be obtained 
when a charge of but 30 pounds is used. ,

Answer. 2,375 foot-seconds.
Having thus determined the velocity that will be obtained, it becomes necessary 

for the gunnery officer to determine what sight-bar range to use for the actual 
range at which the firing with the low charge is to be done. This is a problem in 
exterior ballistics, the solution of which will be found in “The Groundwork of 
Practical Naval Gunnery or Exterior Ballistics, Alger, 1915,” article 285, page 
183, and Forms 1 or 2, pages 263 and 268, first noting the footnote, page 268.

Velocity given by same powder in guns of different caliber.—Solve for a in IV; 
then put a in III, and obtain b; then use this & in V obtain /?. With this (3 the 
process is reversed for the other gun, and the velocity that a charge of this powder 
will give in it is thus obtained,



260
Problem.—A certain powder is fired in a 10-inch 30 gun using 90 pounds, a 

velocity being obtained of 2,000 foot-seconds. If 160 pounds of this same powder 
be used in the 13-inch 35 gun, what will be the velocity obtained ?

Answer, 1,888.2 foot-seconds.
Data.

10/z30____ 13"35.
p=510 lbs. p=1130 lbs.
<8=6779 cu. in. <S=15068 cu. In.
5=1.56

To determine the proper dimensions for-a new powder.—Considerable time, some 
three months, is required after the manufacture of a powder is commenced before 
an index of it is completed and ready for firing tests and issuance to the service. 
The powder must, therefore, be made on fairly accurate assumptions in order that 
it may suit the new type or caliber of gun in which it is to be used.

For example, it was necessary to determine what web should be used for the 
16-inch 45 and the 14-inch 45 and 14-inch 50 guns, guns larger than any previously 
manufactured. A suitable value of /? was found by computation. /? was computed 
for all sizes of powders, by the use of formulas III, IV, and V, as indicated previously, 
and large numbers of these /3’s plotted as a function of the web. The curve was 
then extended and the proper thickness of the web picked off. Therefore, long 
before the guns were completed a powder of suitable dimensions was ready.

Problem on gun design.—Certain requirements that a new gun must fulfill 
are laid down before any work on the design is commenced, these requirements being 
taken from a consideration of the dimensions of guns already built.

Suppose a new 12-inch 50 gun is to be designed. The following approximate 
requirements will be laid down:

Shell = 870 lbs. Max. working pressure =17 tons.
I. V. = 2900 f. s. A to be not greater than .65. 6 = about 1.55.
Chambrage = 1.25. Length of chamber to be from 6 to 7 times its 

diameter.
Then the problem that must be solved before the design can be even roughly 

sketched is to determine—
(a) The weight of charge, r.
(&) The capacity of the powder chamber, <S.
(c) Approximate dimensions of the powder chamber.
(d) The characteristic of the powder, /?.
(e) At least five points of pressure and velocity curve, and construct

the approximate curves.
Solution.—The diameter of the powder chamber will be by the conditions = 

1.25X12, or =15 inches. .
The length of the powder chamber will be between 15X6, or 90 inches, and 

15 X 7, or 105 inches.
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Take 93 inches as a trial length. The total length of the gun take as 610 

inches and allow 10 inches for the breech plug. The total travel of the projectile, 
u, is then equal to 610 minus 93 minus 10, or 507 inches, u in feet then is 42:25 
feet. P has been taken as 17 tons, and therefore P max. for calculations is equal 
to 17 divided by 1.12 or 15.18 tons.

Next step must be the determination of the constant a from equations III 
and IV. This work is given in detail.

Take M =¥■, and from III there results 
o

V=1-^M or a=S? P,,t th,s lu since b==Jf

iXa2XpXM _ /27X2240XffXAXuXPro 
r _27x2240XffXAXu’ V MX4=Xp

m . 27X2240XffX^XuXPm /K
Take K as equal to - Typ" —a=\M

Eliminate a • (1+M) or KM=v2 (1+2 M+M2),

which quadratic being solved

With this value of M, using the data assumed, now find from IV the value of ir

a=6823

which becomes

=r Typ|_6823 AA MJ /P

The logarithmic work now follows:

27.....................   log 1.43136
2240.....................................................................................,....................................... log 3.35025
jr=32.155 (at proving ground)........................................................................ log 1.50725
A=(3.1416X36) 3.1416....................................................................................... log .49715

sq. in. 36.................................................................................. log 1.55630
u=42.25 feet............................................................................................................ log 1.62583
rmar= 15.IS tons.................................................................................................... log 1.18127
4 log .60206........................................................................... colog 9.39794-10
p=87O lb. log 2.93952..............................................................................colog 7.06048-10
k=.........................................................................................................................................................
r=2900 feet per second log 3.46240.....................................................................................................

2 log 6.92480....................................................................... colog 3.07520-10

log .68303



262
® 2-(J) = -2.8198 log(-) .45022 2 log .90044

subtract 4

3.9514 log .59675 
®1.9878 '
@-@=4.8076
J [®-®]=2.4038=Af

3.4038=Af+l
With these values solve next for w as follows:

i log .29838

7=2900 foot-seconds
+1=3.4038

6823 log 3.83398

log 3.46240
log .53196 

colog 6.16602-10
A=.65 log 9.81291 — 10x2 log 9.98441-10 colog .07559
Af=2.4038 log .38089 colog 9.61911-10

9.79508-10
2

p=870 lbs.
9.59016-10

log 2.93952

.;=338.5 lbs. log 2.52968

b. Having thus obtained w: from the equation
\/27 68

A=-—, a value of <8 is determined, o
A=.65 log 9.812910-10
<0=338.5

27.68

colog .18709 
log 2.52968 
log 1.44217

,8=14419 cubic inches log 4.15894

c. Taking 93 inches as the length of the powder chamber, the diameter and its 
chambrage is found.

o /14.419X4S=~4~X93 or I)—y93><3 141g

14419
4

3.1416 log .49715
93 log 1.96848

log 4.15894
log .60206 

colog 9.50285 
colog 8.03152

2) 2.29537

Z)=14 inches log 1.14769
d. .The next step is to determine a value of /3 from formula V, in this manner:

b _ u u=42.25 log 1.62583
P ^JL_A^Sy’ 0 M M=2.4038 colog 9.61911 

A = .65 log 9.81291
5 = 1.55 log .19033
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£=.41935 log 9.62258

1-£=0.58065 log 9.76392.....................colog .23608

S=14419 log 4.15899 
p= 870 log 2.93952 
S ------------

p log 1.21942 | log .81295 .colog 9.18705

0=4.6566........................................................ log .66807

e. Having secured the foregoing results and seeing that they are within reason, 
the gun can be laid out along these lines. Then the gun may be altered in various 
dimensions for various reasons. If this is done, new calculations must be made.

To construct the pressure curves, “u” as determined was 42.25 feet. Select five points to
use. Take 3, 8, 15, 24, and 36 feet. Since M=2.4038=", b=17.6,

2900
a_ M (M + l)=2900X3.4038

2.4038 =4106.5

Using the velocity curve is calculated.

Uj =3 u,=8 u3=15 u4=24 u.,=36
b-|-u1=20.6 b+u.“=25.6 b+u,=82.6 I>+u4=41.6 b 4-115=53.6

log= 1.31387 log= 1.40824 log= 1.51322 log= 1.61909 log= 1.72916
colog 8.68613 8.59176 8.48678 8.38091 8.27084
a log 3.61347 3.61347 3.61347 3.61347 3.61347
ulog .47712 .90309 1.17609 1.38021 1.55630

2.77672
v,=598 f. s.

3.10832 
v,= 1283 f. s.

3.27634 
v3=1889 f. s.

3.37459 
v4=2369 f. s.

3.44061
Vs=2758 f. s.

With these points the velocity curve may be drawn. 
The next step is to determine the pressures at these points.

15.18X26.4
" 8.8

15.18 log log 1.18127
26.4 .log 1.42160 log 4.26480

8.8 log .94448 colog 9.05552

R= log 4.50159. The formula is next used.
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5-INCH 50 CALIBER GUN. DATA.

CAPACITY OF POWDER CHAMBER...... 1200 CU. INS. VELOCITY CURVE, I. V. 2300 F. S.....

WEIGHT OF CHARGE........................................... 15 LBS.

WEIGHT OF PROJECTILE..................... 60 LBS.

TRAVEL OF PROJECTILE.............................. 215.6 INS.

MUZZLE VELOCITY ............................. 2300 F. S.

PRESSURE CURVE, ENERGY OF THE PROJECTILE, b.

CURVE OF MAXIMUM PRESSURE b x 1.12...............c.

MEAN EQUIVALENT PRESSURE................................... d.

CURVE OF ELASTIC STRENGTH OF THE GUN......... f.

5-inch 50 Caliber Gun Curves, Muzzle Velocity 2,300 Foot-Seconds.
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5-inch 50 Caliber Gun Curves, Muzzle Velocity 2,700 Foot-seconds.
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u ,=3 tla=8 113=15 u<=24 u,=36

by u,=20.6 b + u2=25.6 b+u3=32.6 b + u4=41.6 b+u,;=53.6
log=l. 31387 log=l.40824 log=l.51322 log=1.619Q9 log=l.72716

3 log=3.94161 3 log=4.22472 3 log=4.53966 3 log=4.85727 5.18748
colog=6.05839 5.77528 5.46034 5.14273 4.81252

R log 4.50159 4.50159 4.50159 4.50159 4.50159
u log .47712 .90309 1.17609 1.38021 1.55630

log 1.03710 1.17996 1.13802 1.02453 .87041
P, = 10.9 tons P2=15.1 tons P3=13.7 tons P4=10.6 tons P5=7.4 tons

Multiply the pressures by 1.4 and the values of the ordinates for the minimum 
strength curve are obtained.

Thus the three curves necessary before the finished design of the gun is adopted 
are found. They are shown in Plate 50.

A more complete sketch, showing the gun and the curves therefor, is given for 
the 5-inch 50 gun, with muzzle velocity of 2,300 foot-seconds, in Plate 51.

Plate 52 shows the curves for M. V, 2,700 foot-seconds for this gun. It is 
evident that the curves of pressure lie too close to the curve of gun strength and the 
factor of safety is too low. At u = l the factor is found to be 1.12; at w = 32, 1.23: 
and at u = 41,1.26. The factor of safety is too small at the breech, at the chase, and 
at the muzzle; consequently the powder is not suitable to the gun; or, more exactly, the 
gun is not suitable for such a velocity, because neither change in the charge nor in 
the characteristic of the powder could bring the factor of safety to the proper figure 
throughout. A smaller charge of a quicker powder would lower the pressure at 
the muzzle and increase the factor of safety at that point, but at the same time 
would raise the pressure at the breech and reduce there the factor, which is already 
too small. A large charge of a slower powder would reduce the pressure at the 
breech but would increase it at the muzzle, hence the gun is really not suitable for 
such a velocity. The standard velocity for this gun is 2,300 foot-seconds, with 
resulting curves as shown in Plate 51.

From these few examples, the value of the science of interior ballistics may 
readily be understood. No formulas save the elementary ones have been given. 
These formulas, by use of various transpositions, will give a close approximation 
to other points than those treated here which may arise in connection with gun 
design and with the general problem of the action of the forces in the gun. The 
subject of mount design has not been touched upon, for instance, yet the following 
procedure may be outlined as an evidence of the adaptability of the formulas. 
From the velocity curve of the projectile the acceleration at any point can be ob­
tained, and from this the forces acting to produce the recoil of the gun, and, know­
ing these forces, the recoil system and the mount may be designed.
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Chapter XXI.

EROSION.

1. On discharge of a gun the powder is suddenly converted into gas at a very sl0Cause of *ro‘ 
high temperature with the attendant high pressures. This change results in several 
undesirable effects. If steel is heated to a high temperature and suddenly cooled,
it will be hardened and this hardening will be more pronounced with high-carbon 
steels. At each discharge of a gun a thin film of steel in the bore is heated and then 
suddenly cooled, the rate of cooling being accelerated by the cold metal of the tube. 
It is found that after a few rounds the bore becomes quite hard, sufficient to resist 
the ordinary tools used in manufacture. If the metal of the bore absorbs carbon, 
the additional carbon would assist in making the steel harder.

2. An examination of the bore after a number of rounds have been fired dis- oft&eHn bore.* 
closes a network of fine cracks covering the chamber in the vicinity of the com­
pression slope and extending down the bore. These cracks are heat cracks and are
found in closed bombs as well as in guns. Various explanations have been offered 
to account for them. The hardening of the metal sets up surface strains, as well as 
making the metal more brittle, and in this condition it is liable to crack when sub­
jected to high pressures. If the metal had been superficially carbonized by the 
action of the gas, these conditions are exaggerated.

3. The strains which exist in the metal of the bore are caused by a thin layer Heat cracks- 
of heated metal expanding against metal relatively colder. The physical change
in the metal of the bore assists in generating heat cracks. The physical characteris­
tics of the steel over a thin film are changed by firing, the metal becoming much 
harder, with consequent reduction in ductility and elongation and increase of brit­
tleness. In such a hard state steel will rupture quickly where there are any sharp 
changes of direction in its surface; consequently it is to be expected that heat 
cracks will be more pronounced at the angles at the bottom of the rifling grooves. 
The following explanation is given for heat cracks: At each discharge of the gun 
the surface metal is heated to a temperature that would cause it, if free, to expand 
much more than it can stretch within the elastic limit. The free expansion is pre­
vented by the cold outer metal and the heated metal is crushed. When it cools it •
is held in a state of tension by the outer metal, and as the surface assumes more and 
more a state of circumferential tension, it finally yields and develops cracks, usually 
longitudinally.

4. Heat cracks weaken the tube, but to an extent not determined. They are crfcflk®ct °r heat 
not considered serious in built-up guns and their presence is not a serious menace
to the strength of guns.

(269)
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5. Erosion is the wearing away of the metal in the bore by continued firing, 

tect’ing’erosion^ *s casued by the rush of gases over the heated film of metal. To produce
erosion, high heat and motion of the gases are required. That heat is necessary 
is obvious; that motion is required is seen from bomb experiments. The friction 
of the moving gases cause the washing away of the eroded metal assisted by the 
friction of the band. The elements controlling erosion are the temperature, the 
velocity of the gases, and the time.

6. The temperatures of combustion of nitrocellulose are about 2,000° F. and 
bu”eion.°f tom' f°r nitroglycerine powders 2,800° F. The melting point of gun steel is about

2,650° F., and its friable point is much lower. This temperature is reached very 
quickly, and the rate is greatly in excess of the possible rate the steel can carry off 
the heat by conduction. Therefore it is easy to see how a thin film is quickly 
brought to the friable state. The quantity of heat is closely associated with the 
temperature, for the temperature of the metal will increase with an increase in the 
heat available so that the weight of charge affects the erosion.

7. The increase in heat also causes an increase in pressure, with resulting increase 
in activity of the gases—i. e., the velocity, energy, and quantity of gas. Increase 
in pressure also brings with it a more rapid burning, hence quicker delivery of the 
heat, in the charge.

8. The time of travel varies with the length of the gun. The time it takes for 
building up the forcing pressure and for starting the projectile and moving at the 
first caliber distance down the bore also varies with the caliber. The longer the 
temperature is maintained and the gases rush over the heated metal the greater 
will be the erosive effect. The time taken for a projectile to travel 1 caliber distance 
down the bore is one-half of the total time of travel in the bore.

9. Erosion will then occur with the high temperatures and high velocities. 
This is shown by the fact that erosion occurs at the origin of the rifling and to a 
lesser extent at the muzzle. It is also to be expected to be greater in large caliber 
guns, as the weight of charge increases as the cube of the caliber and the surface 
for absorbing heat as the square, in addition to the fact that time of the action of 
the gases is also greater.

10. The disadvantage of erosion lies in the enlargement of the bore resulting 
in reduction in pressure and velocity until a point is reached where the projectile 
will not get the proper rotational speed and will then give very inaccurate flight. 
The life of a gun is the number of rounds which can be fired from it before it loses 
its accuracy. The loss from weakening is so inappreciable that were it not for the 
wearing away of the rifling the life would be indefinite. The general policy is to 
withdraw guns from service for relining after a fixed number of rounds. While 
a gun when withdrawn might fire more rounds accurately and not show signs of 
dispersion, it could not fire a full allowance with safety.

11. Erosion may be measured by change in projectile seating, enlargement 
of the bore, or by the loss in muzzle velocity. The first two are not suitable for’ 
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service conditions, but are always measured at the proving grounds. As the 
material effect is in the reduction in velocity, and as it is necessary to know this 
reduction for rounds fired, curves for each caliber and mark of gun are provided 
showing the loss to be expected for any number of equivalent rounds fired. The 
equivalent rounds fired are used since the erosive effect is a function of the weight 
of charge. The curves used are made up from actual firings at the proving ground. 
To obtain the equivalent rounds fired, the equation

19/4 where w = the standard weight of charge for service velocity 

and Wj equals the charge used. This gives the proportional effect of a round com­
pared with that of a service round, which is considered as 1. Reduced charges 
have a value of about one-fourth of a service round when computing the erosion 
correction, and the special spotting charges for 1,700 foot-seconds have about 
one-tenth of the value of the service round.

12. For more complete details of erosion, consult Ordnance Pamphlet No. 412.
28015—24------19





Chapter XXII.

DISPERSION.

1. Every mechanic should know the accuracy and limitations of his tools. As 
was stated in the previous chapter, the artillerist and designer come together on the 
common ground of muzzle velocity and true flight of the projectile. When the 
projectile leaves the muzzle of the gun, no further control over it is possible, so that 
conditions which will prevent it finding the desired mark must be anticipated and 
corrected in advance. Errors in flight may be grouped as follows:

(a) Range errors and lateral errors.
(&) Dispersion errors both vertical and lateral.
It is convenient to call the former “fire-control errors” as their values are 

dependent largely on fire control. Even if it were possible to have no dispersion, 
there may always be fire-control errors, which, regardless of dispersion errors, must 
be kept as small as possible to insure the maximum hitting. This phase of accuracy 
of fire is under control of the operating personnel and is beyond the efforts of the 
gun designer and does not come within the scope of this manual.

2. Dispersion errors will always exist to some degree, as production of materials Causea. 
must allow for some manufacturing tolerances. The principal causes of dispersion
are:

(a) Inaccuracies in design.
(&) Variations in the powder, projectile, cartridge case, primer, etc.
(c) Variations in the gun.
(d) Variations in sight and mounting.
(e) Personal errors in handling material.
3. New ordnance material is always tested before issue or installation and every 

endeavor is made by thorough experimental work to eliminate all causes of inaccu­
racies. The final design is approved and manufacture started only when the 
efficiency of the material has been demonstrated. Furthermore, research is habitu­
ally being prosecuted for the improvement of known designs, as the ever-changing 
conditions in service demand further advances in the art. Where errors in dis­
persion can be traced directly to the design, there is immediately the necessity for 
further experiments in the endeavor to correct the design. However, there are 
many other possible reasons for causing dispersion which must be investigated first.

4. Errors in dispersion due to the powder charge may be one of the following: pe^*s In dls‘
(1) Variation in weight of charge.
(2) Variation in temperature of powder.

(273)
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(3) Variation in density of loading.
(4) Hygroscopic condition of powder.
(5) Variation in age of powder.
(6) Imperfect blending.
(7) Variation in indexes.
(8) Variation in weight distribution of ignition charge.
(9) Variation in form of charge.
(10) Unsuitability of powder.
(11) Variation in loading.
(12) Variation in physical firing interval.
(13) Variation in muzzle velocities.

5. A variation in the weight of charge may occasion a large variation in pres­
sure, giving a large error in muzzle velocity. Great care is taken in establishing the 
correct weight of charges assigned to the various guns. As may be seen from the 
chapter on "Assembly of Ammunition” especial care is taken at the ammunition 
depots in assembling the weight of charge correctly. The serious effects of assem­
bling the wrong index or using the wrong weight of charge in the possibilities of 
creating excessive pressures is fully appreciated. Time and again reports of ex­
cessive or deficient velocities have been received and check firings conducted and in 
only one case on record has an ammunition depot erred in the weight of charge. 
This remarkable record certainly shows that in case of errors, particularly in range, 
that the cause should be looked for elsewhere in the system. .

6. A temperature of 90° F. has been selected as the uniform temperature for 
proof of powders and for fixing the charge, as this closely approximates that found 
in the magazines on board ship. A change in the temperature of the powder, how­
ever, will cause a change in the pressure and velocity. The values of the changes 
in velocity have been determined experimentally at the proving ground and it was 
found that a change of 1° F. from 90° F. will cause a change of about 2 foot-seconds 
in velocity. The variations in temperatures in magazines is discussed in the chapter 
on "Stowage,” and from this it is readily seen how important it is to keep the maga­
zines uniform, to know what the temperatures are and to correct for variations 
accordingly. Suppose one turret magazine is 10° F. hotter than another, a round 
fired from the former in a 12-inch 2,700 foot-seconds gun at 10,000 yards would 
without correction have a plus vertical error over one fired from the latter of 35 
feet, and the result in a salvo would be an excessively large pattern. It must be 
borne in mind that it is the temperature of the powder which causes the variation, 
so that it is important not only that the magazine but that the powder itself be uni­
form.

7. In general an increase in the density of loading causes an increase in the 
pressure with a resulting increase in the velocity. With the projectile properly 
seated and the correct weight of powder charge, the density of loading is constant 
and should occasion no error. The ratio of the density of loading to the weight of
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charge is a constant for any caliber and mark of gun, though it varies for the different 
calibers, as A = 27^65. No error is introduced, therefore, by using different indexes, 

w S j j j b >
as this ratio is established by the proof of the powder. The density of loading is 
changed in the individual gun by the effects of erosion, as the projectile may seat 
farther down the bore as the metal at the origin of the rifling is melted away. The 
band lip, how ever, is designed to prevent this, and also to bit in and prevent the pro­
jectile slipping back and reducing the size of the chamber and increasing the density 
of loading. Overramming or dropping back of the projectile are the only condi­
tions affecting the density of loading within the control of the personnel afloat, as 
the design value is fixed in the design of chamber and powder.

8. As was seen in the chapter on “Smokeless powder and assembly of ammuni­
tion,” powder is packed at the factory under standard atmospheric conditions, 
and is assembled at the depots under the same conditions and is always kept in 
air-tight containers. If equal care is taken aboard ship to keep the powder in 
air-tight containers and to remove it therefrom just prior to firing, no difficulty 
will be experienced due to variations in the hygroscopic conditions. If some tanks 
leak, however, dispersion will result from irregular muzzle velocities as the charges 
exposed to dampness will become slower.

9. As powder ages it generally loses some of its volatiles, becoming quicker, 
giving slightly higher pressures and velocities. If the conditions throughout an 
index has been the same, the change in velocity would be uniform, hence will cause 
a range error and not an error in dispersion. If, however, some charges are per­
mitted to lose volatiles faster than others, the results obtained will be irregular. 
No error is introduced by aging powder aboard ship if it proceeds uniformly, and 
provided the powder passes satisfactory tests, although the pressures and veloci­
ties may differ from those obtained on proof. Variations due to deterioration will 
not slow up until the advance stages long after the powder is rendered unfit for use 
in service. It is generally estimated that the life of a stabilized powder is 20 years, 
but this is varied by stowage condition. Keeping the powder tanks tight lengthens 
the life of a powder.

10. Variations due to imperfect blends do not occur as the requirements of 
the powder specifications require blending and regularity of performance. Small 
lots of similar nitration and volatiles are blended to make up an index before proof 
firing. The blending process gives very uniform results, as the lots composing the 
blend vary very little chemically and physically. Should lots varying widely be 
used to make up a blend, irregular ballistic results might be expected, but these 
conditions do not obtain in service.

11. The size of an indexes fixed by the physical requirements for its manu­
facture and blending, and as a result several different indexes of large caliber pow­
ders are required to make up the allowance for a ship. Also the conditions of 
storage, the age of the powder, etc., will affect the velocity, so that firing different 
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indexes in a salvo may result in dispersion. Indexes have different weights of 
charge assigned due to slight differences in manufacture and may be proved at 
different times so that errors may thus creep in. These should, however, not exceed 
one-half of 1 per cent. The present methods of proof of powders takes account of 
difference in proof conditions, however, in order to reduce the possibility of irregular 
results being obtained. An index should be fired in all guns in a salvo until expended 
and then another index used, the same one for all guns. This requires an equal 
distribution of each index among the different turrets. It is most desirable to 
have only one index aboard ship, and due to changes in the methods of blending 
this will be done with future powders.

12. The present methods of assembling ignition charges, both as to shape, 
size, and arrangement, have been devised after considerable experimental work, 
and standards are fixed for each size of gun. About the only possibilities of causing 
errors aboard ship is in ripping a charge and losing some of the ignition (a very 
dangerous proceeding, as the black powder is readily fired by friction) or by invert­
ing a bag. Care, therefore, should always be taken to load with the red end of each 
section toward the breech.

13. No variation afloat occurs from this cause as the powder is prepared in 
standard form. Results obtained from firings at the proving ground showed that 
change occurred by changing the number of bags in a charge, provided sufficient 
ignition charge was present. However, the extreme case of firing a charge placed 
loosely in the bore showed high pressures compared with a packed charge; conse­
quently, to avoid variations pnd for more convenience in loading, loose bags should 
be laced tightly.

14. It has been found by experiment that varying the position of the powder sec­
tions in a gun will cause a variation in pressure and velocity. The charge should 
be always placed in the same relative position in the chamber to prevent variations. 
The present design of powder charges allows at the minimum a clear space of 4 
inches in the dimension of the axis of the bore and will usually be slightly over, due 
to the necessity of arranging the powders in stacked charges. Variations in weights 
of charge are taken up in the diameter of the sections.

15. The physical firing interval may be taken as the time from the closing of the
firing circuit until the ejection of the projectile from the muzzle. It is made up of 
the interval for primer action, interval for the powder to generate sufficient pressure 
to cause relative motion between the gun and projectile, travel interval or time for 
projectile to traverse the bore. Investigations have shown that variations in these 
intervals have no material effect on the dispersions, being of the order of 0.05 hun­
dredths of a second. This variation, however, is appreciable and developments 
toward its elimination are progressing. •

16. Variations are found to exist in muzzle velocities even though all conditions 
are made as nearly perfect as they can be. The variations found are due to the sum­
mation of the many errors due to powder, projectile, bands, etc. The requirements 
for serviceable material is that the variation shall be less than one half of 1 per cent.
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17. There is evidence that there is a difference in the speed of primers. From 

tests conducted, the percussion primer is much faster than the electric primer, but 
other conditions require the use of the latter. Considering the total firing interval, 
the primer intervals, however, are relatively small and less when the firing circuits 
are properly arranged for salvo firing. The total firing interval may be taken as 
the time from the instant the pointer or director operator wills to fire until the 
projectiles leave the bore. This interval may be divided as follows:

(а) Time from instant when pointer wills to fire until closing of the key has 
been completed.

(б) Physical firing interval mentioned above.
The average time for (a) of five pointers, as measured at the proving ground, 

gave Q.179 second, varying from 0.138 to 0.236 second. This personal interval 
varies greatly. The interval included in (6) is of the order of 0.08 to 0.15 second 
for a 14-inch gun; thus the combined intervals average about 0.29 second. Atten­
tion to firing circuits, generators, transformers, when firing full gun salvos, should 
present the physical firing interval exceeding the value given herein.

18. The following variations in projectiles may affect dispersion:
(а) Variations in weight.
(б) Variation^ in bourrelet.
(c) Variations in rotating bands.
(d) Variable form of projectile.
(e) Position of the center of gravity.

(а) The error introduced by firing projectiles of different weights is not very 
great for small variations. The tolerances are made very close in order to elimi­
nate any such variation. The completed weight of a projectile includes the burster 
charge and fuse.

(б) (c) One function of the bourrelet and band is to center the projectile in 
the bore and cause it to traverse the bore without variation. Assuming an exag­
gerated condition, suppose a projectile has a very small bourrelet and is centered 
fairly well by the band. As the band engraves and rotates the projectile the point 
will oscillate and result in erratic flight. The bourrelet clearance is 0.015 inch, 
and is measured to vary close tolerance by gauges. Rotating bands also are care­
fully measured. Care should be exercised that paint is not applied to bourrelet or 
that either bands or bourrelets are reduced by rubbing with emery cloth. Bour­
relets are required to be kept coated with vaseline. Since the bourrelet design 
has been adopted fully a 5 per cent reduction in coefficient of form has resulted. 
In addition to this effect, increase in size of rotating bands, either in width, thick­
ness, or form, causing increased forcing and a resulting increase in pressure and 
velocity. For service conditions variations due to the latter cause are slight due 
to careful measurement of tolerances. Experiments have shown that considerable 
dispersion is caused by the wobbling of the projectile due to noncentering. The 
bourrelet dimension can not be made too large, else slight bore restrictions would 

of
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render firing dangerous. The French report excellent results with double-banded 
projectiles, the front band being larger than the usual bourrelet dimension and sus­
ceptible of some forcing in case of a restriction.

. (d) The form of a projectile is of great importance. The outside contour of all
the projectiles fired in a salvo should be the same and the fire control take cogni­
zance of the form, for the length of projectile and length of the ogival has an impor­
tant effect on the range. The shape of the band is also involved, as the copper may 
be so displaced as to form fringes, which exert a rudderlike effect on a projectile.

(e) Varying the position of the center of gravity will cause variation in range. 
However, tests are applied to detect, this and the slight variation permitted in 
manufacture is too small to cause any appreciable variation in range.

19. All these variations are such as occur in manufacture and design and are 
without the scope of the personnel afloat. They are mentioned here in order that 
a more complete knowledge of the causes of variation may be had. More complete 
data may be found in Ordnance Pamphlet No. 409.



Chapter XXIII.

AMMUNITION REPORTS.

1. The importance of keeping proper records of ammunition can not be over- importance of 
estimated. Records warn of bad methods, unwise procedure, and inefficient opera-reports' 
tion. Immediate, reliable, and adequate records give information which impels to
prompt and vigorous action. Records measure progress and show direction; 
they furnish a basis for future work. “A record is anything that gives information 
of any kind.” The bureau records for ammunition are based on reports; hence 
faulty reports result in faulty records in the bureau.

2. The distribution and assignment of ammunition is handled in the Bureau Number of ro­
of Ordnance, and all questions regarding its transfer for use must be referred to that1 
bureau, except as authorized in Bureau of Ordnance circular letter No. A1B of 18
June, 1920. Sufficient information is required by the burean so that the location, 
condition, and stability of all powder may be known at all times. This requires 
that ships and stations furnish the necessary information in the- reports called for 
by the regulations. There are only four ammunition reports required, namely:

(a) Form 41, powder card, for service ammunition. Form 41-A, powder card, 
for target practice ammunition.

(&) Form 42, projectile card, for service ammunition. Form 42-A, projectile 
card, for target practice ammunition.

(c) Form 67, powder test card, for service ammunition. Form 67 (a), powder 
test card, for target practice ammunition.

(d) Form 71(a), expenditure card for service. Form 71(6), expenditure card 
for target practice.

3. The reports for service ammunition are salmon colored, and those for target 
practice ammunition are white, and they should be used for the purpose intended. 
Trial Board test ammunition is classed as T. P. Additional blank copies may be 
obtained from the Bureau of Ordnance upon request. The lack of the proper 
colored card should not delay the submission of a report at the proper time, as one 
of the same form of a different color may be used with a suitable notation in the 
heading.

4. The instructions on the backs of the cards should be carefully followed to 
avoid needless work in returning the cards for correction. The records in the bureau 
show what each ship and station was issued in the way of ammunition, and when 
reports are received, they are checked against this record to locate discrepancies, 
irregularities, shortages, etc. When shortages are noted or when the wrong ammu­
nition is found to be on board a ship, steps to correct the situation are taken in the 
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bureau. The reports are to be submitted annually on July 1, and thereafter when 
changes occur. This means that once each year a complete check is made on the 
ammunition afloat. At other times, when changes occur, they are reported at once, 
and appropriate action taken. If a ship, on July 1, has no target practice ammuni­
tion on board, cards are submitted with a notation “none on board.” It is to be 
noted that reports are submitted by ships having ammunition allowances whether 
there is any onboard or not. If on August 1, ammunition for S. R. D. P., S. R. B. P., 
and night T. D. Practice is received, cards showing this receipt must be submitted 
at once, giving the correct details called for on the report. If on September 1, S. R. 
D. P. is held, a card should be submitted showing the ammunition expended, 
and so on throughout the year. Many reports are received which are worthless, 
but practically all would fulfill their requirements were the instructions carried out.

5. Sample copies, printed below, show how the cards should be filled out. 
When describing any article by its mark and modification use a roman numeral 
for the mark and an Arabic numeral for the modification; as Mark VII, Mod. 3. 
The powder and projectile reports are self-explanatory, but care should be taken 
not to mix the target practice and service ammunition on the same report. The 
information required is to be obtained from actual inventory, not from previous 
reports. When filling out the powder-test card, it must be noted that only the 
tests completed during the month should be entered. When a surveillance test 
has been completed during the month, enter in the “Remarks” column the date the 
test was completed, and do nx>t again report the results of this same test thereafter. 
Completion of a surveillance test means the number of days until fumes develop. 
When a surveillance test runs over a month, do not report it as a completed test 
until fumes have developed or 60 days have elapsed. Ships frequently report the 
results of tests forwarded by ammunition depots with shipment of ammunition. 
Such reports result in duplication in the bureau records, as they are listed when 
reported by ammunition depots. The date of completion of the test is important, 
for at a definite period thereafter, in accordance with the length of the test, the 
bureau looks for another report. Cases have occurred where ships have failed to 
carry out surveillance tests for periods as long as two years.

6. The expenditure card Form 70 (a) and (&) shall be submitted once each 
year on July 1, and shall show the money values of ammunition expended for USE. 
This card is not to be confused with the powder and projectile cards as far as expen­
ditures are reported, but shall show the money values of all expenditures previously 
reported throughout the year on the powder and projectile cards. The data on 
the expenditure cards 70 (a) and (6) form the basis for a report showing the cost of 
ammunition expended for the Navy in each fiscal year for the information of Con­
gress. These reports should not be confused with the reports required to be sub­
mitted by gunnery officers to the Bureau of Supplies and Accounts.

7. A check-off list of ships and stations is kept in the bureau and as the reports 
are received the various ships and stations are credited with them, and notices 
mailed to those who fail to submit reports within one month of the date due.
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8. Reports are frequently received in the bureau that ships and stations can 

not submit reports as they have failed to receive invoices for the material received. 
Existing instructions issued by the Bureau of Supplies and Accounts require that a 
priced invoice shall accompany an issue of material, and summaries with invoices 
attached will be forwarded later by the property accounting officer. Ammunition 
depots should see that the priced invoice is furnished and that complete informa­
tion regarding the ammunition is supplied the ship, so that information will be 
available for preparing reports.

9. The following circular letter is included herewith as a permanent record:

CIRCULAR LETTER NO. A-27 OF FEBRUARY 17, 1921.

To: All bureaus, ships, and stations. 
Subject: Reports of ammunition to Bureau of Ordnance. 
Inclosure (herewith): (A) Eight sample forms of ammunition reports.

(B) Twenty copies of Buord Forms 41, 41 (a), 42, 42 (a),
67, 67 (a).

(C) Ten copies of Buord Form 70 (a), 70 (6).
1. The following instructions regarding submitting ammunition reports will 

be incorporated in Part IV of the Ordnance Manual, which is to be published in the 
near future. The subject matter is published herewith for the information of the 
service in advance of the issue of Part IV in order that commencing July 1, 1921, 
the new reports as required herein may be used.

“The distribution and assignment of ammunitions is handled in the Bureau 
of Ordnance and all questions regarding its transfer for use must be referred to 
that bureau, except as authorized in Bureau of Ordnance Circular Letter No. A-13, 
of June 18, 1920. Sufficient information is required by the bureau so that the 
location, condition, and stability of all powder may be known at all times. This 
requires that ships and stations furnish the necessary information in the reports 
called for by the regulations. There are only four ammunition reports required, 
namely:

“(a) Form 41, powder card, for service ammunition. Form 41 (a), powder 
card, for target practice ammunition.

“ (6) Form 42, projectile card, for service ammunition. Form 42 (a), pro­
jectile card, for target practice ammunition.

“(c) Form 67, powder test card, for service ammunition. Form 67 (a), powder 
test card, for target practice ammunition.

"(a) Form 71 (a), expenditure card, for service. 71 (6), expenditure card, 
for target practice. Navy Regulations, 1920, chapter 54.

“The reports for service ammunition are salmon colored and those for target 
practice ammunition are white, and they should be used for the purpose intended. 
Trial board test ammunition is classed as target practice. Additional blank copies 
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may be obtained from the Bureau of Ordnance upon request. The lack of the 
proper colored card should not delay the submission of a report at the proper time, 
as one of the same form of a different color may be used with a suitable notation 
in the heading.

“The instructions on the backs of the cards should be carefully followed to 
avoid needless work in returning the cards for correction. The records in the 
bureau show what each ship and station was issued in the way of ammunition, 
and when reports are received they are checked against this record to locate dis­
crepancies, irregularities, shortages, etc. When shortages are noted or when the 
wrong ammunition is found to be on board a ship, steps to correct the situation 
are taken in the bureau. The reports are to be submitted annually on July 1st 
and thereafter when changes occur. This means that once each year a complete 
check is made on the ammunition afloat. At other times when changes occur 
they are reported at once, and appropriate action taken. If a ship on July 1st 
has no target practice ammunition on board, cards are submitted with a notation 
‘none on board.’ It is to be noted that reports are submitted by ships having 
ammunition allowances whether there is any on board or not. If on August 1st 
ammunition for S. R. D. P., S. R. B. P., and night T. D. practice is received, cards 
showing this receipt must be submitted at once, giving the correct details called 
for on the report. If on September 1st S. R. D. P. is held, a card should be sub­
mitted showing the ammunition expended, and so on throughout the year. Many 
reports are received which "are worthless, but practically all would fulfill their 
requirements were the instructions carried out.

“ Sample copies, printed below, show how the cards should be filled out. When 
describing any article by its mark and modification, use a roman numeral for the 
mark and an Arabic numeral for the modification; as Mark VII, Mod. 3. The 
powder and projectile reports are self-explanatory, but care should be taken not 
to mix the target practice and service ammunition on the same report. The 
information required is to be obtained from actual inventory, not from previous 
reports. When filling out the powder test card, it must be noted that only the 
tests completed during the month should be entered. When a surveillance test 
has been completed during the month, enter in the remarks column the date the 
test was completed. Do not again report the results of this same test thereafter. 
Completion of a surveillance test means the number of days until fumes develop. 
When a surveillance test runs over a month, do not report it as a completed test 
until fumes have developed or sixty days have elapsed. Ships frequently report 
the results of tests forwarded by ammunition depots with shipments of ammuni­
tion. Such reports result in duplication in the bureau records, as they are listed 
when reported by ammunition depots. The date of completion of the test is 
important, for at a definite period thereafter, in accordance with the length of the 
test, the bureau looks for another report. Cases have occurred where ships have 
failed to carry out surveillance tests for periods as long as two years.
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“The expenditure card, Forms 70 (a) and (&), shall be submitted once each 

year on July 1st, and shall show the money values of ammunition expended for 
use. This card is not to be confused with the powder and projectile cards as far 
as expenditures are reported, but shall show the money values of all expenditures 
previously reported throughout the year on the powder and projectile cards. The 
data on the expenditure cards 70 (a) and (&) form the basis for a report showing 
the cost of ammunition expended for the Navy in each fiscal year for the informa­
tion of Congress. These reports should not be confused with the reports required 
to be submitted by gunnery officers to the Bureau of Supplies and Accounts.

“A check-off list of ships and stations is kept in the bureau, and as the reports 
are received the various ships and stations are credited with them and notices 
mailed to those who fail to submit reports within one month of the date due.

“Reports are frequently received in the bureau that ships and stations cannot 
submit reports as they have failed to receive invoices for the materials received. 
Existing instructions issued by the Bureau of Supplies and Accounts require that 
a priced invoice shall accompany an issue of material, and summaries with invoices 
attached will be forwarded later by the property accounting officer. Ammunition 
depots should see that the priced invoice is furnished and that complete information 
regarding the ammunition is supplied the ship, so that information will be available 
for preparing reports.”

Signed.—Chas. B. MoVay, Jr.,
Chief of Bureau.
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NOTES ON RECORDS.
Reports.

“A record is anything that gives information of any kind.
Records annihilate time and space, bring back the past, and give 

us dependable glimpses into the future;
Records measure progress and show its direction;
Records warn of wrong methods, unwise procedure, and inefficient 

operations;
Records check against extremes;
Records show the way to short cuts;
Records locate wastes;
Records quickly tell the direction and rapidity of progress;
Immediate, reliable, and adequate records give information which 

impels to prompt and vigorous action;
Records furnish a basis for all future work * * *,
Time wasted is gone forever.”
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[Original printed on white paper.]

SMOKEI4ESS POWDER TEST CARD Seriai No .11

HEAT, SURVEILLANCE, AND VIOLET PAPER TEST

TARGET PRACTICE AMMUNITION

U. S. S. ARKANSAS Nov. 30, 1920.For month ending.
(Date.)(Ship or Station.)

Index Caliber Where Put Duration of test Remarks Date to be
No. Up Heat Surveil­ Violet expended

test lance paper
(Minutes') (Days) (Days)

1 2 3 4 5 6 7 8

SPR 824 3"50 Mare Is. ■ — 77 Magazine sample. 
Less than three 
mos. on board.

Mar. 1921

SPD 1075 5"51 Mare Is. - - 77 Same April 1921

SPD 1081 12"50 Mare Is. - - 85 Same Mar. 1921

SPD 1112 3"50 Mare Is. - - 77 Same Mar. 1921

SPD 1181 1-pdr St. Juliens — — 13 Magazine sample. For ex­
Violet paper caliber.
changed Nov.
17, 1920. Dura­
tion 965 days.

Indefinite.

SPDX 1500 1-pdr St. Juliens - - 13 Same Same

SPD 1854 5"51 Mare Is. - - 85 Magazine sample. 
Less than 3 mos.

Mar. 1921

on board. Mar. 1921

SPD 1888 5" 51 Mare Is. - - 85 Same

SPD 2179 12"50 Mare Is. - - 105 Same Mar. 1921

SPD 2181 12"50 Mare Is. - - 105 Same Mar. 1921

SPD 2183 12" 50 Mare Is. - 45 189 Magazine sample. Mar. 1921
Received May 15, 
1920. Surveillance 
test completed 
Nov. 20, 1920.

(Do not add to the length of this card.)
28015—24------20

John Doe, Comdr.
(Officer in charge of test.)

U. S. N.

1 hereby certify that all tests, examinations, and inspections prescribed by the Department’s
orders and regulations have been fully complied with during the period since the last report.
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7. Column 7 should show an entry giving 
information for the identification of the samples 
tested, thus: “Bulk” (from bulk powder at 
ammunition depots); “Retained Sample” (from 
retained samples at ammunition depots); 
“Charge” (from broken down charge); “Re­
placement” (from replacement sample, issued 
with each index); “Magazine Sample” (from 
8-oz. magazine sample, issued with each index).

8. Tests of powder will be conducted and
reported in accordance with the detailed in­
structions contained in Ordnance Pamphlet No. 
20 on “Service Explosives,” until such time as 
this publication is superseded by the “Ord­
nance Manual, Part IV.” The attention of all 
officers charged with the care, inspection, or 
tests of explosives is invited to these instruc­
tions. •

9. When tests are conducted on another vessel
or at an ammunition depot or other station, the 
vessel requesting the test should forward with 
samples three copies of this report, complete, 
except for heat and surveillance test entries. 
The vessel or station conducting the tests should 
fill in the information obtained on the comple­
tion of the tests, forwarding one copy of the 
report to the Bureau of Ordnance, one to the >< 
ship requesting the test, and retaining one for g 
file. O

10. This form is for target-practice ammuni- w
tion only. Use N. Ord. 67 for service ammuni- 2 
tion test reports. J

11. Heat and surveillance tests are not re- 2
quired on target-practice powders which have £ 
been on board less than three months. z

N. Ord. 67a.

Serial No.......................

SMOKELESS POWDER TEST CARD
HEAT, SURVEILLANCE, AND VIOLET PAPER TEST

(Ship or Station.)

For month ending_______ ____ __
APPROVED AND FORWARDED.

This space for Bureau’s stamp.

INSTRUCTIONS
1. This report will be made by ships and 

ammunition depots to the Bureau of Ordnance 
at the end of each month and will include all 
tests completed during the month. Command­
ing officers of vessels of the Asiatic Fleet will 
make this report to the Naval Ammunition 
Depot, Olongapo, P. I., and will forward a copy 
to the Bureau of Ordnance.

2. Reports will be numbered serially, com­
mencing a new series with each calendar year. 
Service and target practice will have different 
serial numbers.

3. Index numbers should be entered in col­
umn 1 in regular numerical sequence, prefixed 
with the proper powder designation, such as 
“8. P.,” “8. P. R.,” “8. P. D.,” “8. P. D. X.,” 
“8. P. D. B.,” “S. P. D. W.”

4. Column 4 should have an entry made in it 
only when a heat test has been completed during 
the month, showing the number of minutes 
required to complete the test. The heat test is 
to be discontinued after forty minutes and an 
entry “40+” made.

5. Column 5 should have an entry made in it 
only when a surveillance test has been com­
pleted during the month, showing the number 
of days required to complete the test. The 
surveillance test is to be discontinued after 60 
days and an entry of “60+ ” made.

6. Column 6 should be filled in showing the 
number of days the current violet paper test has 
been running, and should always be filled in 
when a heat or surveillance test is reported. 
The plus sign should not be used in reporting 
the violet paper test.
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[Original printed on salmon colored paper.]

SMOKELESS POWDER TEST CARD Serial No...?..

HEAT, SURVEILLANCE, AND VIOLET PAPER TEST

SERVICE AMMUNITION

..............  Fm ^...August 81, mi.
(Ship or Station.) (Date.)

Duration of Teat
lDNoeX Caliber PutUp 2eat Sunreil-

(Minutes') (Days)

Violet 
Paper 
(Days)

Remarks

12 3 4 5 6 7

SP 736 3/z50 Iona Is. - 55 200 Replacement. Completed August 
1921.

18

SPD 1008 5ZZ51 Iona Is. - 60+ 605 Charge. Completed August 23, 1921.

SPD 1082 12"50 Iona Is. - 60+ 605 Same

SPD 1092 Iona Is. - 60+ 605 Same

SPD 1113 12z/50 Iona Is. - 60+ 605 Same

SPD 1114 12"50 Iona Is. - 60+ 605 Same

SPD 1115 12/,50 Iona Is. - 60+ 605 Same

SPD 1116 12z/50 Iona Is. - 60+ 605 Same

SPD 1123 5"51 Iona Is. - 60+ 605 Same

SPD 1207 3"50 Iona Is. - 60+ 605 Same

SPD 1462 1-pdr Iona Is. — 47 605 Replacement. Completed Aug. 
1921.

10,

SPD 1549 3z,50 St. Juliens - 60+ 605 Charge. Completed Aug. 23, 1921.

SPD 1561 3"50 St. Juliens - 60+ 605 Same

SPD 1614 12,/50 St. Juliens — 60+ 605 Same

(Do not add to the length of this card.)
John Doe, Comdr.,

(Officer in charge of test.)
(289)

U. S. N.

I hereby certify that all teats, examinations, and inspections prescribed by the Department’s
orders and regulations have been fully complied with during the period since the last report.



"Charge” (from broken down charge); “Re­
placement” (from replacement sample, issued 
with each index); “Magazine Sample” (from 
8-oz. magazine sample, issued with each index).

8. Tests of powder will be conducted and 
reported in accordance with the detailed in­
structions contained in Ordnance Pamphlet No. 
20 on “Service Explosives,” until such time as 
this publication is superseded by the “Ord­
nance Manual, Part IV.” The attention of all 
officers charged with the care, inspection, or 
tests of explosives is invited to these instruc­
tions.

9. When tests are conducted on another vessel 
or at an ammunition depot or other station, the 
vessel requesting the test should forward with 
samples three copies of this report, complete, 
except for heat and surveillance test entries. 
The vessel or station conducting the tests should 
fill in the information obtained on the comple­
tion of the tests, forwarding one copy of the 
report to the Bureau of Ordnance, one to the 
slup requesting the test, and retaining one for 
file.

10. This form is for service ammunition only. 
Use N. Ord. 67-a for target-practice ammunition 
test reports.

1O
Cd

N. Ord. 67.—(R«T.)

Serial No...............

SMOKELESS POWDER TEST CARD
HEAT, SURVEILLANCE, AND VIOLET PAPER TEST

(Ship or Station.)

For month ending..................................
APPROVED AND FORWARDED.

This space for Bureau’s stamp

E

§

INSTRUCTIONS
1. This report will be made by ships and 

ammunition depots to the Bureau of Ordnance 
at the end of each month and will include all 
tests completed during the month. Command­
ing officers of vessels of the Asiatic Fleet will 
make this report to the Naval Ammunition 
Depot, Olongapo, P. I., and will forward a copy 
to the Bureau of Ordnance.

2. Reports will be numbered serially, com­
mencing a new series with each calendar year. 
Service and target practice will have different 
serial numbers.

3. Index numbers should be entered in col­
umn 1 in regular numerical sequence, prefixed 
with the proper powder designation, such as 
“S. P.,” “S. P. R.,” “S. P. D„” “S. P. D. X.,” 
“S. P. D. B.,” “S. P. D. W.”

4. Column 4 should have an entry made in it 
only when a heat test has been completed during 
the month, showing the number of minutes 
required to complete the test. The heat test is 
to be discontinued after forty minutes and an 
entry “40+ ” made.

5. Column 5 should have an entry made in it 
only when a surveillance test has been com­
pleted during the month, showing the number 
of days required to complete the test. The 
surveillance test is to be discontinued after 60 
days and an entry of “60+ ” made.

6. Column 6 should be filled in showing the 
number of days the current violet paper test has 
been running, and should always be filled in 
when a heat or surveillance test is reported. 
The plus sign should not be used in reporting 
the violet paper test.

7. Column 7 should show an entry giving 
information for the identification of the samples 
tested, thus: “Bulk” (from bulk powder at 
ammunition depots); “Retained Sample” (from 
retained samples at ammunition depots);
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N. Ord. 41—A.
[Original printed on white paper.]

POWDER CARD. 4

TARGET-PRACTICE AMMUNITION. Annualreturn far July 1, 19.

U. S. S. ARKANSAS, 21 Oct., 19 20
(Ship or station and date.)

Expended for...................................................................................
Transferred to................................................................................
Received from................A. Mare Island.........................

Cancel all except one showing reason for submitting card.

IN­
DEX 
NUM­
BER.

1

’ CHARGES.
Ex­

pend-

On Hand at 
Date—

Short | 
i of 
allow­
ance.

GUN.

KIND.

B

How 
assem­
bled.

3

Prim­
ing 
car­

tridge 
case.

4

Kind of 
ignition.

5

Weight, 
pounds 

or 
grams.

6

Muzzle 
veloc­
ity.

7

ed. 
Trans­
ferred.

Re­
ceived.

8

Of 
index.

9

Of 
caliber.

10

Ship’s 
allow­
ance.

11

Caliber 
and 

length.

13

Mark.

14

Targ et Pra ctice Amm unltl on. .. .J
S. R. B.19 20-21

2179 SPD Chgs — Bk. C 228 2100 75 75 75 75 0 12/50 VII

S. R. D. P. 1920- 21

2179 SPD Chgs — Bk. C 228 2100 36 ...... 36 36 36 0 12/50 VII

1854 SPD Chgs Bk. C 16.2 2300 64 64 64 64 0 5/51 VIII

Day In div. 1 920-2 1
1081 SPD Chgs — Bk. C 330 2900 84 84 84 84 0 12/50 VII

Dlvls ion, 1 920-2 1

2181 SPD 1 Chgs — Bk. C 229 2100 96 96 96 96 0 12/50 VII

1888 SPD Chgs — Bk. C 243 3150 80 80 80 80 0 5/51 VIII
i D ay Tor p. De f. 192 0-21 1 ..

1075 SPD ' Chgs Bk. C 23.6 3150 160 160 160 160 0 5/51 VIII
1.......... ' Exp erimenital A. A. 19 20-21 1...... .............

1112 1 SPD ! Shrap C. P. I. Primer 3.9 2700 40 40 40 40 ! o 3/50 X-2

Gun nery Exercis e and Ex-c al

1500 SPDX T C. P. Primer 68.5g 2000 2000 2000 2600 1200 o 1-pdr V

Tr ial Bo ard a nd Testing. 1

2179 SPD Chgs — Bk. C 323 2900 60 60 60 60 0 12/50 VII

1i.......... 1........

John Doe, Comdr., ... U. S. N., Gunnery Officer.

READ carefully instructions on back of card.
(291)

I hereby certify that the tests, examinations, and inspections prescribed by the Department’s
orders and regulations have been fully complied with during the period since the last report.



N. Ord. 41—A. Serial No......................with projectiles, use same nomenclature and 
designations as indicated in paragraph 8 of the 
instructions on back of projectile card (Form 
N. Ord. 42).

10. “Priming cartridge case” (column 4) will 
be designated: C. P., case percussion; C. P. I., 
case percussion ignition; C. C. I., case combi­
nation ignition.

11. “Kind of ignition” (column 5) will be 
designated: Bk. P., black prismatic; Bk. F., 
black fine grain; Bk. C., black cannon; Primer, 
when the ignition is contained entirely within 
the primer.

12. “Weight, pounds or grams” (column 6). 
Do not enter weight of charge for small arms.

13. “Muzzle velocity” (column 7.) will not be 
entered for small-arms ammunition nor for 
saluting charges.

14. “Expended, Transferred, Received” (col­
umn 8) will show the quantity (number of 
rounds), expended, or transferred, or received. 
Cancel words not applying to the card as sub­
mitted. If desired both “transfer” and “re­
ceipt ’ ’ may be reported on same card. If this is 
done (1) cancel “ expended, ” (2) write across face 
of card “Transferred to-------- , ” (3) make proper
entries for transfer, (4) double space and write 
across face of card “Received from-------- ,” (5)
make proper entries for receipts. For annual 
returns make no entry in this column.

15. “On hand at date of index” (column9) 
should show the quantity (number of rounds) on 
hand of the index number shown (on same hori­
zontal line) in column 1.. Do not enter the 
INDEX OF THE POWDER IN THIS COLUMN.

16. “On hand at date, of caliber” (column 10) 
should show the quantity (number of rounds) 
on board of the caliber being reported. For 
example, if there are 300 6-inch charges of index 
1180, and 100 6-inch charges of index 940, the 
proper entry in this column will be 400. Do 
NOT ENTER THE CALIBER OF THE GUN IN THIS
COLUMN.

17. “Ship’s allowance” (column 11) should 
agree with the latest orders for gunnery exer­
cises. If not on allowance list enter “0” in 
this column.

18. “Short of allowance” (column 12) should 
show the difference between the amount on 
hand and the amount allowed. From these 
entries orders are issued to keep vessels’ ammuni­
tion allowances filled. Requisitions.for ammu­
nition are not necessary (see Naval Instructions).

19. “Gun, Caliber and length” (column 13) 
will be designated 12/50 for 12-inch 50-cal. gun; 
5/51 for 5-inch 51-cal. gun; 3/z F. G., for field 
gun; 3" L. G., for landing gun; 6-pdr., for 6- 
pounder gun, etc.

20. “Gun, Mark” (column 14) will be desig­
nated: IX, for Mark 9; VII-2, for Mark 7, 
modification 2, etc.

21. Report all, target-practice ammunition 
under heading (across face of card) “Target­
practice ammunition—S. R. D. P., etc.” (or 
whatever form of practice it is for), 1919-20.

22. Small-arms ammunition, primers, and 
superheater fuses (for torpedoes) should appear 
on powder card only, not necessary on projectile 
card. .

POWDER CARD.
u.s.s........................... ;........................

(Place and date.)

Approved and Forwarded:
......................................... , TJ. S. N., Commanding.

(This space for Bureau’s stamp.)

INSTRUCTIONS.
1. Forwarded to Bureau of Ordnance direct:
(а) Annually, July 1, showing quantities on

hand, allowances, shortages, and headed, 
“Annual returns for-------

(б) When changes occur, showing quantities 
on hand, allowances, and shortages for only 
those calibers in which changes occurred. In 
case of “Transferred to,” make note on face of 
card showing reason and authority for transfer.

2. To be submitted by:
(a) All vessels in commission that have target 

ammunition on board.
(5) Training stations and Marine Corps shore 

stations having target ammunition.
g (c) Naval militia vessels and organizations 
O having target ammunition.
H 3. When ammunition is transferred from a 
Z ship to another ship, or to a station, this card, 

properly filled out, will accompany the transfer 
S (copy being sent to Bureau direct). Make entry
g on face of card showing reason and authority for 

transfer, as, “Remnants of target-practice am­
O munition, C-in-C letter-------- .” .
0 4. In fixed ammunition the different “in­
S dexes ” and “ kinds ” of powder will be on sepa-
2 rate lines, and different‘‘types of projectiles” 

assembled with the same index will be on sep­
arate lines.

5. Number reports serially, in upper right­
hand corner. New series will begin with each 
calendar year, separate serial numbers will be 
used for target-practice ammunition.

6. This card should be made out from an 
actual inventory and not from an old return.

7. “Index No.” (column 1) will be entered 
except in case of small-arms ammunition and 
black powder. This is the only column on the 
card in which the “Index No.” of the powder 
should be entered.

8. The “kind” of powder (column 2) will be 
designated: S. P., smokeless; S. P. R., smoke­
less rosanaline; S. P. D., smokeless diphenyla­
mine; S. P. D. W., smokeless diphenylamine 
reworked; B. P., brown prismatic; Bk. P.. 
black prismatic; Bk. F., black fine grain; Bk. 
C., black cannon (coarse grain about the size 
of peas): Sal., saluting powder (black). Black 
powder for blanks for director salvos Will be 
included in this report.

9. “How assembled” (column 3) will be 
designated: Sal., saluting charges; bulk, powder 
not made up in charges but carried in boxes or 
tanks; chgs., charges in bags or in cartridge cases 
without projectiles. For cartridges complete
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[Original printed on salmon-colored paper.]

POWDER CARD.N. Ord. 41. Serial No....... ?“....

SERVICE AMMUNITION. Annual return for July 1, 19....

U. S. S. ARKANSAS, 1 July, ia 21 E^Pen^edf°r^.............................................................................
..............(Ship or station aid date.)...................... Transferred to.......................................................................... 

................................................. Received from.............................................................................
Cancel all except one showing reason for submitting card.

GUN.On Hand at
Ex- Date—CHARGES.

DEX 
NUM­
BER.

KIND.
How 

assem­
bled.

Prim­
ing 
car­

tridge 
case.

Kind of 
ignition.

Weight, 
pounds 

or 
grams.

Muzzle 
veloc­
ity.

ed. 
Trans­
ferred.

Re­
ceived.

Of 
index.

Of 
caliber.

Ship’s 
allow­
ance.

Short 
of 

allow­
ance. | Caliber 

and 
length.

Mark.

2 3 4 5 6 7 8 9 IO 11 i 12 13 14

1082 SPD Chgs — Bk. C 334 2900 62

1113 SPD Chgs — BK C 324 2900 305

1114 SPD Chgs — Bk. C 323 2900 304 VII

1115 SPD Chgs — Bk. C 320.5 2900 — 302 1302 1310 8 12/50 VII

1116 SPD Chgs ............. 1 Bk. C 313 2900 — 303 VII-3

1614 SPD Chgs Bk. c 326 2900 — 26

1008 SPD Chgs — Bk. C 23.0 3150 — 1738

1123 SPD Chgs — B^ C 23.35 3150 — 2262 4400 4400 0 5/51 VIII

Sm all Ar ms A m m u ni tlo n

30 Cal. Ball M od. 190 6 — — — 32000 0 379 200 59200

45 Cal. Ball C. A. P. — — — — 2600 0 26 000 0

30 Cal. BaU M od.1898 — — — — 1000'0 10 800 800
........... 1..............

30 Cal. Blank Mod. 18 98 — — — 1000 0 11000 1000.. .
30 Cal. Dumm y Mod. 1906 — — — 300 0 1 000 0

30 Cal. Blank Mod. 1909 — — — 1000 0 18 000 8000

Superh eater F uses M k. II, 1 912 — 13 3 133 0

Black P owder — — — — 80 0 0

Lock Pr Imers Mk. XV -1 — — — 1700 0 8 640 0

LockTe st Pri mers | -• — — — 150 0 2 808 1308

C. P. Pr imers, Saluting, — — — 800 1 600 800

I hereby certify that the tests, examinations, and inspections.prescribed by the Department’s 
orders and regulations have been fully complied with during the period since the last report.

’ ■ ................. J°hl\P?e\.C.o“dr.-.............. , U. S. N., Gunnery Officer.
READ CAREFULLY INSTRUCTIONS ON BACK OF CARD.
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N. Ord. 41. Serial No.................with projectiles, use same nomenclature and 
designations as indicated in paragraph 8 of in­
structions on back of projectile card (Form N. 
Ord. 42).

10. “Priming cartridge case” (column 4) will 
be designated: C. P., case percussion; C. P. I., 
case percussion ignition; C. C. I., case combi­
nation ignition.

11. “Kind of ignition” (column 5) will be 
designated: Bk. P., black prismatic; Bk. F., 
black fine grain; Bk. C., black cannon; Primer, 
when the ignition is contained entirely within 
the primer.

12. “Weight, pounds or grams” (column 6). 
Do not enter weight of charge for small arms.

13. “Muzzle velocity”1 (column 7) will not be 
entered for small-arms ammunition nor for 
saluting charges.

14. “Expended, Transferred, Received” (col­
umn 8) will show the quantity (number of 
rounds), expended, or transferred, or received. 
Cancel words not applying to the card as sub­
mitted. If desired both “transfer” and “re­
ceipt” may be reported on same card. If this is . 
done (1) cancel ‘ ‘ expended, ’ ’ (2) write across face 
of card “Transferred to-------- ,” (3) make proper
entries for transfer, (4) double space and write 
across face of card “Received from-------- ,” (5)
make proper entries for receipts. For annual . 
returns make no entry in this column. 2

15. “On hand at date of index” (column 9) Z 
should show the quantity (number of rounds) on ® 
hand of the index number shown (on same hori­
zontal line) in column 1. Do not enter the 3 
INDEX OF THE POWDER IN THIS COLUMN.

16. “On hand at date, of caliber” (column 10) g 
should show the quantity (number of rounds) f-1 
on board of the caliber being reported. For Z 
example, if there are 300 6-inch charges of index 0 
1180, and 100 6-inch charges of index 940, the Q 
proper entry in this column will be 400. Do o 
NOT ENTER THE CALIBER OF THE GUN IN THIS
COLUMN.

17. “Ship’s allowance” (column 11) should 
agree with the latest revisions to allowance lists. 
If not on allowance list enter “ 0 ” in this column.

18. “Short of allowance” (column 12) should 
show the difference between the amount on hand 
and the amount allowed. From these entries 
orders are issued to keep vessels’ ammunition 
allowances filled. Requisitions for ammunition 
are not necessary (see Naval Instructions).

19. “Gun, Caliber and length” (column 13) 
will be designated 12/50 for 12-inch 50-cal. gun; 
5/51 for 5-inch 51-cal. gun; 3" F. G., for field 
gun; 3" L. G., for landing gun; 6-pdr., for 6- 
pounder gun, etc.

20. “Gun, Mark” (column 14) will be desig­
nated: IX, for Mark 9; VII-2, for Mark 7, 
modification 2, etc.

21. Ammunition on hand or received for any 
other purpose than to fill service allowance 
should be so indicated under a self-explanatory 
heading, written across the face of the card. 
Always report target-practice ammunition on 
Form 41-a.

22. Small-arms ammunition, primers, and
superheater, fuses (for torpedoes) should appear 
on powder card bnly, not necessary on projectile 
card. "

POWDER CARD.
u.s.s.....................................................

(Place and date.)

Approved and Forwarded:
......................................... , U. S. N., Commanding.

_______ (This space for Bureau’s stamp.)____ I

INSTRUCTIONS.
1. Forwarded to Bureau of Ordnance direct:
(а) Annually, July 1, showing quantities on

hand, allowances, shortages, and headed, 
“Annual returns for-------- . ’

(б) When changes occur, showing quantities 
on hand, allowances, and shortages for only 
those calibers in which changes occurred. In 
case of “Transferred to,” make note on face of 
card showing reason and authority for transfer.

(c) When going into commission or reserve.
2. To be submitted by:
(а) All vessels in commission or in reserve 

that have ammunition on board or that have 
an ammunition allowance.

(б) Training stations and Marine Corps shore 
stations having ammunition or ammunition 
allowance.

(c) Naval vessels and organizations.
3. When ammunition is transferred from a 

ship to another ship, or to a station, this card, 
properly filled out, will accompany the transfer 
(copy being sent to B ureau direct). Make entry 
on face of card showing reason and authority for 
transfer, as, “For rebagging B. O. L. 27771/3 of 
12-3-14.”

4. In fixed ammunition the different “in­
dexes ” and “kinds ” of powder will be on separ­
ate lines, and different “types of projectiles” 
assembled with the same index will be on sep­
arate lines.

5. Number reports serially, in upper right­
hand corner. New series will begin with each 
calendar year, separate for target and service 
reports.

6. This card should be made out from an 
actual inventory and not from an old return.

7. “Index No.” (column 1) will be entered 
except in case of small-arms ammunition and 
black powder. This is the only column on the 
card in which the “Index No.” of the powder 
should be entered.

8. The “kind” of powder (column 2) will be 
designated: S. P., smokeless; S. P. R., smoke­
less rosanaline; S. P. D., smokeless diphenyla­
mine; S. P. D. W., smokeless diphenylamine 
reworked; B. P., brown prismatic; Bk. P., 
black prismatic; Bk. F., black fine grain; Bk. 
C., black cannon (coarse grain about the size 
of peas); Sal., saluting powder (black). Salut­
ing powder is considered part of the service 
allowance.

9. “How assembled” (column 3) will be 
designated: Sal., saluting charges; bulk, powder 
not made up in charges but carried in boxes or 
tanks; chgs., charges in bags or in cartridge cases 
without projectiles. For cartridges complete
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N. Ord. 42a.
[Original printed on white paper.]

PROJECTILE CARD Serial No...±...
TARGET-PRACTICE AMMUNITION Annual return for Julyl, 192--

U. S. S. ARKANSAS, 21 Oct. 1920
(Ship or station, and date.)

Expended for- 
Transferred . N. A. D. Mare Island.

Received from...................................................................................
Cancel all except one showing reason for submitting card.

Weight
AND

FUSE. Ex­
On 

Hand 
at 

Date.

8.

Short 
of 

Allow­
ance.

10.

GUN.

Lot Number 
and Year.

Type and 
Mark.

Nature 
of 

Burst­
ing 

Charge.
3.

Cali­
ber.

4.

Mark. '

5.

POWDER 
Index 

Number.

6.

pended, 
Trans­
ferred, 

Re­
ceived.

7.

Ship’s 
Allow­
ance.

9.

Cali­
ber 
and 

Length.
11.

Mark.

12.

T arget P ractice Amm unltio n.

S. R.| B. P.' 1920-2 1 |....... 1
40&41- T-XI-4 — — —

— ' 75 75 75 0 12/50 VII
1918 .............

.. i ............. .............
S. R. D. P. 1920-2 1

40&41- T XI 4 — j — —
.. ..

36 36 36 0 12/50 VII
Day I ndivid ual 19 20-21

29 1918 T-X-14 — — — — 84 84 84 0 12/50 VII
Di vision, 1920- 21

6-1914 T-X-7 — — — — 32 32

Total 96 96 0
.............
12/50 VII

34, 40, T-X — — — . — 80 80 80 0 5/51 VIII
17-1917 |...... .

Day To rp. De fense 1 920-21

1, 3, 8, 9, T-XX-S — — — — 160 160 160 0 5/51 VIII
Experi menta 1 A. A. -1920- 21

— Shrap-IX 08B1 — XI-2 1112 40 40 40 0 3/50 X-2
, Gu nnery Exercls e and Ex-Cal iber

— T — — — | 1500 2000 2000 1200 0 1-pdr V

Trial Board and T esting

41-1918 T-XI-4 — — — 60 60 60 0 12/50 VII

I hereby certify that the tests, examinations, and inspections prescribed by the Department’s 
orders and regulations have been fully complied with during the period since the last report.

John Doe, Comdr. U. S. N., Gunnery Officer.
READ CAREFULLY INSTRUCTIONS ON BACK OF CARD.
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INSTRUCTIONS—Continued.

properly the projectiles. (See Ordnance Manual, Part IV.) 
Projectiles in service not marked in accordance with the 
latest Instructions may be Identified by markings on base.

8. “Type and mark” (column 2): Enter type and mark 
of projectiles. Use the following abbreviations for desig­
nating type: A. P., armor piercing; Com., common; F. N., 
flat nose; T., target; A. A., antiaircraft; S. S., illuminating 
projectile; shrap., shrapnel; Cl. B, Class B; L. V., for land- * 1 2 3 4 5 6 7 
ing and field guns, low velocity.

9. “ Weight and nature of bursting charge” (column 3) 
will be designated: D, explosive D; T., trinitrotoluol; Bl, 
black powder. The weights are given on the base of each 
projectile. (See Ordnance Pamphlet 368, Part n.)

10. “Fuse caliber” (column 4) will be designated maj., 
major caliber; med., medium caliber; and min., minor cali­
ber. In the case of detonating fuses, enter det. in this 
column.

11. “Fuse mark” (column 5): Enter the mark of the fuse 
as stamped on it; such as, IV-a for Semple tracer fuse Mark 
IV-a; VII-1 for nose detonator fuse Mark VII, mod. 1, etc. 
In case the mark is not shown, enter in this column the 
letters which are stamped on the fuse.

12. “Powder, index No.” (column 6) will be filled in for >

INSTRUCTIONS

1. Forward to Bureau of Ordnance direct (a) annually, 
dated July 1, showing quantities on hand, allowances, short 
ages, and headed “Annual returns.” (6) When changes 
occur show amounts on hand, allowances, and shortages for 
only those calibers in which changes occurred. In case of 
“ Transferred to,” make note on face of card showing reason 
and authority for transfer.

2. To be submitted by (a) all vessels in commission that 
have target ammunition on board; (&) training stations, 
Marine Corps shore stations having target ammunition; (c) 
naval militia vessels or organizations having target ammu­
nition.

3. When ammunition is transferred from a ship to another
ship, or to a station, this card properly filled out will accom­
pany the transfer (duplicate being sent to Bureau). Make 
entry on face of card showing reason and authority for trans­
fer, as “ Remnants of target-practice ammunition; C-in-C’s 
letter------- .”

4. In case ammunition the different types and marks of 
projectiles of the several calibers of guns will be entered on 
separate lines, and the different indexes of powder assembled 
with the same type or mark of projectile will be entered on 
separate lines.

5. Number report serially in upper right-hand corner. 
New series will begin with each calendar year. Separate 
serial numbers will be used for service ammunition.

6. This card should be made out from an actual inventory 
and not from an old return.

7. “Lot number and year” (column 1): Enter lot number 
and year as stamped on projectlies. Sufficient information 
must be given in this column and in column 2 to identify

case ammunition only. 2
13. “ Expended, transferred, received” (column 7) (cancel ®

one (or two) not used.) If desired, both transfer and receipt w 
may be reported on one card. If this is done, (1) cancel “ex- £ 
pended,” (2) write across face of card “transferred to-----,” >J
(3) make proper entries for transfer, (4) double space and g 
write across face of card “received from -----(5) make K
proper entries for receipts.

14. “On hand at date ” (column 8) should show number of §
rounds after the change (In case of expenditure, transfer, or 
receipt). For example, if 250 12-inch projectiles are on Q 
board and 50 are received from a magazine, card repo't-ng C 
“ Received from” should have 300 in column 9. '

15. “Ship’s allowance” (column 9) should agree ith 
latest orders for gunnery exercises. If not on allowance-' st, 
enter “0” in this column.

16. “Short of allowance” (column 10) should show dif­
ference between amount on hand and amount allowed. 
From these entries orders are issued to ammunition depcts
for ammunition to keep vessels’ allowances filled. Requisl- I 
tions for ammunition are not necessary. (See Navy 
Regulations.)

17. “ Gun, caliber and length” (column 11) will be desig­
nated: 12/50 for 12-inch 50-caliber gun; 5/51 for 5-inch 51 
caliber gun; 3" F. G., for field gun 3" L. G., for landing 
gun; 6-pdr., for 6-pounder gun; etc.

18. Gun mark (column 12) will be designated: IX, for 
Mark 9; VII-2 for Mark 7, modification 2, etc.

19. Report all target-practice ammunition under heading 
(across face of card) “Target-practice ammunition—S. R. 
D. P.,” etc., (or whatever form of practice It Is for) 1919-20.

20. Small-arms ammunition, primers and superheater 
fuses (for torpedoes) should appear on powder card only, not 
necessary on projectile card.

21. Enter as “note” on face of card any necessary and
Important information not Included in other portions of 
report. *i

N. Ord. 42a.

Serial No...........................

PROJECTILE CARD

u.s.s...........................................

(Place and date.)

Approved and Forwarded:

........................................ , U. S. N., Commanding.

(This space for Bureau’s stamp.)
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N. Ord. 42—Rev.
[Original printed on salmon-colored paper.

PROJECTILE CARD Serial No..!

SERVICE AMMUNITION Annual return for July 1, 192

! Expended for......................................................................................
192.... Transferred to....................................................................................

Received from......................................................................................
Cancel all except one showing reason for submitting card.

U. S. S. ARKANSAS, July 1
(Ship or station, and date.)

Weight
AND

FUSE. Ex­
pended, 
Trans­

ferred,
Re­

ceived.

7.

On 
Hand 

at 
Date.

j "
Short 

of 
Allow­
ance.

10.

GUN.

Lot Number 
and Year.

1.

Type and 
Mark.

2.

Nature 
of 

Burst­
ing 

Charge.
3.

Cali­
ber.

4.

Mark.

5.

1 Powder 
| Index 
(Number.

6.

Ship’s 
Allow­
ance.

i 9’

Cali­
ber 
and 

Length.
11.

Mark.

12.

2,3,4A6- APVIII-5 23-D Det II 1154

1910 I.....
9-1911 APXIV-6 23-D Det II — — ' 156

Total 1310 1310 0 12,,50 VII
2-1914 ComXIV-2 451

1 &11-1914 ComXV-2 1...........

..........
582 1......1......

1-1912 ComXV-9 — — 147 1
1-1914 ComXV-11

...............
■ — — 20 1......

15,17,20,22, ComXV-12 — 2457

28A30-
............. 1 .............

1913 ! Total - 3840 3800 0 5"51 VIII

Bl ........... ................ ,.............

8-1916 Shrap-IX .18B1 .. .T7... i XI-1 1207 200 200 0 3/z50 X-2
...........

5-1917 C1B- .62T XI-2
.............. 1 ................ .............. ;

XVI-5 Det VIII 1549 — 200 200 0 3/z50 X-2

22-1917 SSXVIII- .08B1 ........... 1 XI-2 736 — 100 200 100 3"50 X-2

Mod. 1

4-1914 Shrap .05B1 — XI 1091 — 300 300 0 3Z/LG IV

VIII

73 1917 ComII-1 .03B1 Min Semple 1462 — ■ 1200 1200 ...... °l 1-pdr V
1

........... 1
- .............

I hereby certify that the tests, examinations, and inspections prescribed by the Department’s 
orders and regulations have been fully complied with during the period since the last report.

.............. J.ohrl................ U. S. N„ Gunnery Officer.

READ CAREFULLY INSTRUCTIONS ON BACK OF CARD.
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N. Ord. 42—Rev. Serial No............................

PROJECTILE CARD

u.s. s............ :..............................

INSTRUCTIONS—Continued.
properly the projectiles. (See Ordnance Manual, Part IV.) 
Projectiles in service not marked in accordance with the 
latest instructions may be identified by markings on base.

8. “Type and mark” (column 2): Enter type and mark 
of projectiles. Use the following abbreviations for desig" 
nating type: A. P., armor piercing; Com., common; F. N., 
flat nose; T., target; A. A., antiaircraft; S. S.,illuminating 
projectile; shrap., shrapnel; Cl. B, Class B; L. V., for land­
ing and field guns, low velocity.

9. "Weight and nature of bursting charge” (column 3) 
will be designated: D, explosive D; T., trinitrotoluol; Bl, 
black powder. The weights are given on the base of each 
projectile. (See Ordnance Pamphlet 368, Part II.)

10. “Fuse caliber” (column 4) will be designated: Maj., 
major caliber; med., medium caliber; and min., minor cali­
ber. In the case of detonating fuses, enter det. in this 
column.

11. "Fuse mark” (column 5): Enter the mark of the fuse 
as stamped on it; such as IV-a for Semple tracer fuse Mark 
IV-a; VII-1 for nose detonator fuse Mark VII, mod. 1, etc. 
In case the mark is not shown, enter in this column the 
letters which are stamped on the fuse.

12. “Powder, index No.” (column 6) will be filled in for 
case ammunition only.

13. “Expended,transferred,received” (column 7) (cancel
one (or two) not used). If desired, both transfer and receipt >< 
may be reported on one card. Ifthlsisdone,(l)cancel“ex- £ 
pended,” (2) write across face of card “transferred to-----O
(3) make proper entries for transfer, (4) double space and H 
write across face of card “received from-----,” (5) make Z
proper entries for receipts.

14. “ On hand at date” (column 8) should show number of w
rounds after the change (in case of expenditure, transfer, or X 
receipt). For example, if 250 12-inch projectiles are on 6-1 
board and 50 are received from a magazine, card reporting Z 
“Received from” should have 300 in column 9. ®

15. "Ship’s allowance" (column 9) should agree with q 
latest revisions to allowance lists. If not on allowance list, g 
enter "0” in this column.

16. "Short of allowance” (column 10) should show dif­
ference between amount on hand and amount allowed. 
From these entries orders are issued to ammunition depots 
for ammunition to keep vessels’ allowances filled. Requisi­
tions for ammunition are not necessary. (See Navy 
Regulations.)

17. “Gun, caliber and length” (column 11) will be desig­
nated: 12/50 for 12-inch 50-caliber gun; 5/51 for 5-inch 51- 
caliber gun; 3” F. G., for field gun; 3” L. G., for landing 
gun; 6-pdr., for 6-pounder gun; etc.

18. Gun mark (column 12) wili be designated: IX, for 
Mark 9; VII-2 for Mark 7, modification 2, etc.

19. Ammunition on hand or received for any other pur. 
pose than to fill service allowance should be so indicated 
under a self-explanatory heading written across the face 
of the card. Always report target-practice ammunition on 
Form 42a.

20. Small-arms ammunition, primers and superheater 
fuses (for torpedoes) should appear on powder card only, not 
necessary on projectile card.

21. Enter as “note” on face of card any necessary and 
important information not included in other portions of 
report.

(Place and date.)

Approved and Forwarded:

......................................... U. S. N., Commanding

(This space for Bureau’s stamp.)

INSTRUCTIONS

1. Forward to Bureau of Ordnance direct (a) annually, 
dated July 1, showing quantities on hand, allowances, short­
ages, and headed "Annual returns." (ft) When changes 
occur, show amounts on hand, allowances, and shortages for 
only those calibers in which changes occurred. In case of 
"Transferred to,” make note on face of card showing reason 
and authority for transfer, (c) When going into commis­
sion or reserve.

2. To be submitted by (a) all vessels in commissioner in 
reserve that have ammunition on board or that have an 
ammunition allowance; (5) training stations, Marine Corps 
ghore stations having ammunition or ammunition allow­
ance; (c) naval militia vessels or organizations.

3. When ammunition is transferred from a ship to another 
ship, or to a station, this card properly filled out will accom­
pany the transfer (duplicate being sent to Bureau). Make 
entry on face of card showing reason and authority for 
tranfer.

4. In case ammunition the different types and marks of 
projectiles of the several calibers of guns will be entered on 
separate lines, and the different indexes of powder assembled 
with the same type or mark of projectile will be entered on 
separate iines.

5. Number report serially in upper right-hand comer. 
New series will begin with each calendar year. Separate 
for service and target practice.

6. This card should be made out from an actual inventory 
and not from an old return.

7. “Lot number and year” (column 1): Enter lot number 
and year as stamped on projectiles. Sufficient information 
must be given in this column and in coiumn 2 to identify
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[Original printed on white paper.]
N. Ord. 70 (b)
SHIP...................U-.s.:s. Arkansas....................... date .. . July x» 1921«

TARGET PRACTICE AMMUNITION EXPENDED DURING FISCAL YEAR.

GUN. POWDER. PRIMERS. PROJECTILES, 
LOADED.

9 ! 10

1 2 ' 3 4 5 6 7 8
Caliber 

and 
Length 
in Cali­

bers.
Mark.

Number 
Rounds 

Ex­
pended.

Cost or All 
Powder 
Fired.

Number 
Ex- Cost.

pended.
Number 

Ex­
pended.

Cost or All 
Projectiles.

TOTAL 
COST.

OBJECT OF 
EXPEND­
ITURE.

Full C harges

5/51 VIII 240 4169. 00 243 81.00 240 2,050. 62 6,300. 62 DIV&DTD
# NOTE : Illumina ting projectil es fro m service allowance.

1-pdr V 1066 — 1066 — 1066 — 660. 92 EX-
Reduc ed Cha rges ......... |........... | CAL

12/50 VII 207 24,771.56 207 69.00 207 11,200.00 36,040.56 SRB

SRD&
Drill

Primers................ ._____ 1 NTD
.............1................. II....................

§44,466.04

MISCELLANEOUS AMMUNITION EXPENDED.

1 CAL.

L .

NUMBER OF ROUNDS EXPENDED.
TOTAL 
COST.

KIND OF 
AMMUNITION. MODEL.

Ball. Cost. Blank.
1

Cost.

Rifle................... 1906 .............................. .30 45,700 2,030.00 300 12.46 2,042.46

Rifle............................. 1898.......
1

.30 200 3.00 9000 I 23.45 26.45

Rifle........................ Old models.................. .45

Rifle...................... ... Target........................... .22 .

Machine Gun..........

Machine Gun..........

Machine Gun..........

Machine Gun..........

Pistol .....................

| 1906 ............................ .30 .......... ................... ........................... .....

1906 Incendiary .30

1906 Tracer .30

i 1906 Armor Piercing...

Colt Automatic..........

.30 14,400 425.46 425.46

.45

Revolver - - Double action....... .38

Stokes Mortar.........

Hand Grenades......

Complete rounds....... 3"

§2,494.37TQTAT.

Grand Total..........
Approved:

J. B. Crane, Capt. jj s 
Commanding.

John Doe, Comdr.
Ordnance
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N. Ord. 70 (b)

TARGET PRACTICE AMMUNITION EXPENDITURE CARD.

1. To be forwarded to the Bureau of Ordnance direct, annually, dated July 1, 
or on date of going out of commission, showing the cost of all target practice 
ammunition expended during the fiscal year by ships or stations holding target 
practice.

2. Expenditure of service ammunition will be reported separately on Form 
N. Ord. 70 (a).

3. Data for columns 4, 6, 8, and 9 will be obtained from invoices received 
from the ammunition depots. In case no invoices are received, ships and stations 
will take steps to obtain them direct.

4. Issues of ammunition to ships and stations will not be reported on this 
form by ammunition depots. However, expenditures for station use will be 
reported by all stations.

5. Invoices covering ammunition will show the cost of powder per round, 
the cost of the. primer, the cost of the loaded projectile, and the total cost per 
round.

6. In column 5 enter the primers used for the ammunition expended. At 
the bottom, opposite 11 Drill,” enter the cost of drill primers used throughout the 
fiscal year.

7. In column 10 enter the object for which the expenditure was made, i. e., 
“S. R. B. P.,” “Gun test,” “Exp.,” etc.

8. Ammunition transferred will not be included in this report.
9. Cost of cartridge cases, tanks, or boxes will not be included in this report.

10. Report full and reduced charges separately.
11. Attention is invited to the Naval Instructions regarding not throwing 

ammunition overboard.
12. Illuminating projectile ammunition from service allowance fired at target 

practice will be reported as target practice ammunition.
(300)



SERVICE AMMUNITION EXPENDED DURING FISCAL YEAR.

N. Ord. 70 (a) Rev. Original printed on salmon-colored paper.]

SHIp U. S. S. ARKANSAS DATE JULY 1921

GUN. POWDER. PRIMERS. 1 PROJECTILES, 
LOADED.

9 10

1 2 3 4 5 6 7 8 TOTAL 
COST.

OBJECT OF
Caliber 

and 
Length i Mark, 
in Cali­

bers.

Number 
Rounds 

Ex­
pended.

Cost of All 
Powder 
Fired.

Number 
Ex­

pended.
Cost.

Number 
Ex­

pended.
Cost of All 
Projectiles.

EXPEND­
ITURE.

12/50 VII 84 $16,756.48 84 29.58 48 $684.52 $17,470.58 DISP

3/50 . X 40 — 40 — 40 • — 601.86 EXP

1 AA

5/51 VIII 20 322.18 22
...............

7.80 ' ! 20 752.26 1,082.30

# At de relict o rders CIn C.

........I.... :...
Othbb 
Service 3.58 3.58

TOTAL.. $19,158.32

MISCELLANEOUS AMMUNITION EXPENDED.

KIND OF 
AMMUNITION. MODEL. CAL.

J.

NUMBER OF ROUNDS EXPENDED.
TOTAL 
COST.

Ball. Cost. Blank. Cost.

Rifle........................ 1906 ........................... . .30
Rifle........................ 1898............................ . .30

............... ..............

Rifle........................ Old models................. .45
Rifle........................ I Target..........................

1906.............................
| . 22

Machine Gun....... . .30
................

Machine Gun....... 1906 Incendiary........
1906 Tracer.................

J .30
Machine Gun....... . .30 NONE

Machine Gun....... 1906 Armor Piercing...
Colt Automatic .........

.30
Pistol ..................... 1 ,45
Revolver............... Double action........... .38
Stokes Mot ar.......... Complete rounds ...... . 3"
PT and firnntidne----- ----- .—■—“.............................................. ,...........

TOTAL.

Grand Total......S19?15.8:32..........
Approved:

J. B. Crane, Capt., jj g jy John Doe, Comdr., jj

Commanding. Ordnance Officer.
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N. Ord. 70 (a) Rev.

SERVICE AMMUNITION EXPENDITURE CARD.

1. To be forwarded to the Bureau of Ordnance direct, annually, dated July 1, 
or at date of going out of commission, showing the cost of all service ammunition 
expended by firing during the fiscal year, only in case expenditures have been made. 
Expenditure of target practice ammunition will be reported separately on Form 
N. Ord. 70 (b).

2. Data for columns 4, 6, 8, and 9 will be obtained fromj invoices} received 
from the ammunition depots. In case no invoices are received, ships and stations 
will take steps to obtain them direct.

3. Issues of ammunition to ships and stations will not be reported on this form
by ammunition depots. However, expenditures for station use will be reported by all 
other stations. *

4. Invoices covering ammunition will show the cost of powder per round, the 
cost of the primer, the cost of the loaded projectile, and the total cost per round.

5. In column 5 enter the primers used for the ammunition expended. At the 
bottom, opposite “Service Primers,” enter the cost of service primers used through­
out the fiscal year. Drill primers will be shown on Form N. Ord. 70 (b).

6. In column 10 enter the object for which the expenditure was made, i. e., 
“D. I. S. P.” “Exp.,” “Service,” etc.

7. Ammunition transferred will not be included in this report.
8. Cost of cartridge cases, tanks, or boxes, will not be included in this report.
9. Report full ana reduced charges separately.
10. Attention is invited to the Naval Instructions regarding not throwing 

ammunition overboard.
11. Illuminating projectile ammunition from service allowance fired at target 

practice will be reported on Form N. Ord, 70 (b).
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Chapter XXIV.

SPECIAL TESTS ON AMMUNITION.

1. Ordnance Pamphlet No. Ord. 4 contains instructions and information for, special tests
. . , .. . . . . . „ . , . for ammunition

the service at large regarding ammunition and tests of powders. Special instruc- depots, 
tions not contained therein, as they apply more particularly to ammunition depots, 
are accordingly included in Ordnance Manual, Part V. (To be reissued as Ordnance 
Pamphlet No. Ord. 5.)

2. Military guncotton is cellulose nitrate of high nitration. It was formerly G“ncotton. 
used wet as the explosive charge for mines and torpedoes, and in the dry state as 
boosters, formerly called dry guncotton primers. Dry guncotton boosters may be
stored in the wet state for purposes of safety and stability. There are still avail­
able a number of mine and torpedo guncotton charges, and a few boosters are still 
on hand which are gradually being scrapped as they become unserviceable and 
are not being replaced, as T. N. T. has become the prime explosive charge material. 
T. N. T. boosters are replacing guncotton boosters even in war heads loaded with 
wet guncotton. Guncotton was formerly issued to the service with different per­
centages of moisture, ranging from 20 to 35 per cent. At present all guncotton 
retained for service, regardless of the use to which it is to be put, should contain 
25 per cent of moisture, i. e., to dry guncotton is added 25 per cent of its weight in 
pure distilled water. In case this change has not been effected, the percentage of 
moisture will not be changed, but the markings on the container will govern the 
amount the guncotton should contain, this weight being the weight of the charge 
wet. No further loading of war heads or mines with guncotton is anticipated.

3. Pending the entire replacement of guncotton the instructions contained . 
herein shall be followed. The explosive charge is detonated by means of the 
booster which is detonated by a charge of fulminate of mercury in the ''detonator.”

4. Dry guncotton boosters for torpedoes are cylindrical in shape, made up bo®XrsUncotton 
in blocks, each with an axial hole to take the detonator. The size of these blocks
is 2 inches in height, ljj-g- inches outside diameter, with a ^-inch central perfora­
tion. When dry they are kept in glass jars with tight covers to exclude moisture. 
One booster is stowed in each jar and the jars stowed two, four, or six in a wooden 
box. Strips of blue litmus paper are placed between the blocks, and for conven­
ience in handling the blocks are tied together with pieces of tape. The dry gun­
cotton boosters for mines were made up in rectangular blocks 2.9 by 2 inches with 
a -pg-inch central perforation. They are stowed in glass jars similar to torpedo 
boosters.

5. Wet guncotton boosters are of the same size as the dry. The latest wet guncotton 
practice is to pack all boosters for one outfit in one package in water, hermetically ’

28015—24-------21 (303)



304
sealed, with a filling hole for making up losses in water. They are shipped in the 
wet state for safety reasons, governed by restrictions imposed by the Interstate 
Commerce Commission. They may be removed from their containers on receipt 
and dried and thereafter stowed and handled as dry boosters. They may be dried 
by exposure in a steam dryer or by exposure to a dry atmosphere.

posurenfn'steam («) The steam dryer must be located above the water line, remote from
drier. fires an(j lampS and jn SUch a position that it will not be subject to disarrangement.

Its supply of steam is to be derived from a suitable part of the steam-heating 
apparatus of the ships or from any convenient source of low-pressure steam by 
piping at a navy yard.

(&) The blocks are to be dried, weighed separately, and the weight of each 
is to be marked on the block with a soft lead pencil (never putting labels of any 
kind on the guncotton). The blocks are then to be strung on rods, with iron 
washers between them, and placed in wire baskets. The baskets are placed in 
the drier, the door closed, the thermometer put in place, steam turned on, and 
the ventilating openings are adjusted. The baskets, rods, and washers must be 
kept free from dirt and oil. The temperature of the drying chamber must not 
exceed 100° F.

(c) After each day’s heating the blocks are to be removed carefully and 
weighed; the weights are to be marked on the blocks, and the drying is then con­
tinued. This process is to be repeated until the blocks no longer lose weight, 
when all but a small percentage of moisture will have been expelled.

(cZ) When the drying is completed the blocks are to be removed from the 
drier and placed, while still warm, in the glass jars with strips of blue litmus paper 
between them. The jars are to be closed tightly and the guncotton is then to be 
stowed and inspected as dry guncotton.

posurenin dry It- String the blocks to be dried on a wood, brass, or copper rod or pipe, which
mosphere. must be free from dirt and oil, or place them on a shelf made of wire netting, sepa­

rating the blocks from each other to expose all surfaces freely to the air; suspend 
the rod or shelf in some suitable place, not in vicinity of the galley or other fires, 
where the blocks will be freely exposed to the air and be under cover.

(a) Expose the blocks only when the atmosphere is dry; at all other times keep 
them in an empty powder tank, in the immediate vicinity of the place selected for 
drying, kept closed to exclude moisture. Weigh the blocks every two days, noting 
on the blocks the date and weight with a soft lead pencil. Continue the drying 
until the blocks show no loss of weight for two consecutive weighings, the weather 
being moderately dry. Then place the blocks in the glass jars, with strips of blue 
litmus paper between, and treat them according to the rules given for dry guncotton 
primers. Avoid unnecessary handling of the blocks, as they are apt to flake and 
crumble.

sunco7ton.ofwet Torpedo war heads and mines containing wet guncotton charges are stowed
in war-head or mine-charge magazines. Magazines aboard ship are fitted for ven­
tilating, flooding, etc., similarly to magazine compartments containing other



305
explosives. Wet guncotton may be stowed in the war-head or mine-charge maga­
zines with the main charges.

(а) Dry guncotton when issued is in glass jars which are packed in wooden dry

boxes. These wooden boxes are stowed aboard ship above the water line in cool,
dry, secure places, as far as possible from fires or shock from gunfire. Unless other­
wise specified, the normal stowage location for dry guncotton boxes will be in the 
ward room and cabin spaces. The boxes should be stowed at least 10 feet from 
each other and should not be stowed near wet guncotton charges or detonators, or 
electric fixtures, such as switchboards, junction boxes, or conduits. Ashore, dry 
guncotton is stored in separate, detached magazines, but it is preferable to keep it 
wet and store it with wet guncotton main charges.

(б) Magazines in which guncotton is stored should not be allowed to attain tu”lgh teompe™e 
a temperature as high as 100° F. for any great length of time. The diurnal changes avoldert-
of temperature will not affect guncotton, wet or dry, provided the cases or boxes 
containing it are not exposed to the sun.

(c) Guncotton must not at any time be exposed to the direct rays of the sun. po^ bdlr^j 
Avoid, also, as much as possible exposing any box or case containing guncotton,rays of the sun- 
either wet or dry, to the direct rays of the sun for any length of time, as the tem­
perature inside the container can in this way be raised to a point considerably above
that of the open air, and this temperature will be maintained for a considerable 
time after the exposure. Moreover, in removing from their cases the glass jars 
holding the dry guncotton never expose them to the direct rays of the sun, as the 
glass may act as a lens and cause ignition.

(d) Care should be taken not to handle guncotton more than is absolutely against “contami- 
necessary with bare hands and to avoid touching guncotton with oil or acid of any nat,0“- 
kind. The directions given in Part IV of the Ordnance Manual, to wash any con­
tainer for guncotton in strong soda solution before loading, should always be fol­
lowed in order to remove thoroughly acids or any other impurities which would
tend to cause deterioration in the guncotton.

(e) Dry guncotton must be handled with care and protected from shock. It is
highly inflammable, and in case of fire near its place of stowage should be removed guncotton, 
to a place of safety, or, in emergency, when afloat, thrown overboard. If ignited, ■
dry guncotton boosters will burn so quickly and violently as to cause considerable 
explosive effect, even if not reaching detonation.. Its effect will be to produce a 
considerable area of gas sufficient to burn anyone in the vicinity and project parts
of containers with great force, but not sufficient to cause sympathetic detonation 
at 10-foot intervals.

9. The following inspections of guncotton must be regularly made, and the inspection of 
results entered in the log. qnired.

Weekly: All dry guncotton. 
Monthly: All dry guncotton.
Quarterly: All wet guncotton. 
Annually: All guncotton (at naval ammunition depots).
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tion *kly ln’pM' 10. All dry guncotton boosters must be inspected weekly. This is to be done 

without opening the glass jars, by observing the condition of the blocks and the 
strips of blue litmus paper between them. __

(a) In the event of any serious decomposition having taken place, the gun­
cotton will be found more or less covered with pasty yellow spots, or the jar may 
be filled with brownish red, highly acid fumes, and the litmus paper will show a 
decided red color.

with °deconipos- (&) If the guncotton is actually decomposing, it should be destroyed after a 
ing guncotton. sampie block has been set aside for reference. This sample should be placed in a 

clean glass bottle, wet thoroughly with pure water, and the bottle closed tightly. 
At the first opportunity it should be forwarded with a full statement of the facts, 
direct to the naval proving ground, in order that.its condition may be examined 
carefully and the diagnosis verified, a copy of the statement of facts being forwarded 
at the same time to the Bureau of Ordnance. No guncotton is to be destroyed 
unless it is very clearly in the condition above described.

(c) Do not mistake iron rust for pasty yellow spots. Guncotton sometimes 
becomes rusted in the course of manufacture or from the case in which it is packed. 
The rust, except when present in considerable quantity, does no harm. Whenever 
any guncotton becomes badly discolored from iron rust it should be returned to the 
torpedo station.

(d) It frequently occurs that the blue litmus paper becomes faded by exposure 
in the jars, but no danger is to be apprehended in consequence.

(e) If the litmus paper has become reddened, but no fumes or pasty spots are 
observed, the guncotton should be given the litmus test described below.

Litmus test of 11. The dry guncotton blocks are lifted out of the glass jar by the loose ends gunrotton. v © . & . j .
of the tape and placed on a perfectly clean, dry piece of blotting paper, being careful 
not to touch them with the fingers. (A perfectly clean dry crash towel may be 
used in handling the blocks.) Remove the strips of litmus paper, insert freshly 
moistened strips in their places, and tie the tape as before. After an hour’s interval 
examine the ends of the strips of litmus paper. If they have become reddened, 
replace the blocks of guncotton in the jar, wet them thoroughly with pure water, 
and at the first opportunity forward the jar and its contents to the torpedo station. 
In this latter case none of the guncotton is to be destroyed, as there is a much 
greater chance for error in inspection.

(a.) If the moistened strips of litmus paper have not become reddened after 
one hour’s exposure, replace the blocks in the jar, close it tightly and replace it 
in its box.

makiugUtlHtmus Only standard blue litmus paper furnished by the naval proving ground
test- should be used in conducting tests of guncotton. Litmus paper should never be

touched with the bare hand but should always be handled with forceps. The 
litmus paper should always be moistened before making the test, using pure 
distilled water. In moistening the paper, hold the strip in the forceps, dip a glass 
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rod in distilled water, and then apply the moist rod to the paper; the paper should 
be moist only and not flooded with water.

(c) To check the absence of an acid reaction, make a comparative test by 
taking two pieces of fresh blue litmus paper and moisten one with distilled water 
and the other with dilute vinegar. The vinegar will give a bright red color, which 
shows what the actual color should be when made by acid or acid fumes. This 
test is very desirable in case of doubt, as blue litmus paper may sometimes appear 
slightly red when moistened with distilled water only.

(cZ) Always examine the test papers by white light. Litmus paper will present 
a reddish appearance in any compartment that is shellacked or colored; the exami­
nation of test papers should therefore be made only in a well-lighted room or open 
air.

(e) Do not touch the guncotton blocks with the bare hands and avoid unneces­
sary handling of the blocks, as they may flake or crumble'.

12. Even if no change is observed in the litmus paper at the weekly inspection, sp“^‘jjlj In' 
the litmus test just described, with fresh strips of moistened blue litmus paper, is
to be applied to all dry guncotton once each month; this constitutes the monthly 
and quarterly inspections. In case the guncotton is decomposing, the procedure 
described under “weekly inspection” is to be adopted.

13. The wet guncotton is packed in the torpedo war heads or mine-charge spQ“t^‘erIy Iu‘ 
cases and the weight of the wet guncotton and its containing case is stamped on the
case. The guncotton contains as nearly as possible 25 per cent of water. These 
cases are again packed in stowage boxes, and the gross weight of wet guncotton, 
war head, or mine-charge case, and stowage box are stamped on the outside of the 
box. The stowage boxes are to be weighed every three months, and any loss in the 
gross weight is to be made up by the addition of pure water poured through the 
filling hole in the war head, mine case, etc., which is then to be closed carefully.

14. At ammunition depots samples shall be taken from packages of guncotton ^Annual In- 
(war heads, mine, and wrecking charges) that have been loaded one year or that
have been turned in by ships, and submitted to. a heat test, this test to be repeated 
annually. The method of conducting this test is described hereinafter. Samples 
for this test should be taken from the interior of the blocks, as the surface of the 
blocks are likely to become slightly contaminated in service.

(a) The passing heat test for new guncotton under the latest specifications ^^High^stabiiity 
is 35 minutes, but originally this test was only 15 minutes, and much of the gun-cotton. ” 
cotton procured at that test (e. g., United States Navy, 1886, and Du Pont, 1892 
and 1893) is still in service as wet guncotton. The stability of guncotton when wet 
is very high and all wet guncotton may be considered safe and satisfactory for 
issue to the service which gives a heat test of over two minutes. Wet guncotton 
giving a heat test of less than two minutes shall be made the subject of a special 
report to the Bureau of Ordnance in order that instructions may be issued regarding 
its disposition.
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tes’t'ror'^ry gun? The heat test for dry guncotton should not be less than 20 minutes, and
cotton. no we£ guncotton shall be dried for use as dry boosters which gives a heat test of

less than 20 minutes except in case of emergency when guncotton of better stability 
is not available. It is preferable that dry guncotton boosters should be of such 
stability as to give the standard heat test of 35 minutes.

tonUo/goodnsta- (c) In case guncotton is issued to vessels it will be tested immediately before
binty issued. gjuppcj^ and none whose test is low will be issued. As a further precaution

a small quantity from every lot of guncotton received at Rose Island is reserved 
for test, and these tests are continued as long as any of the lot remains in service. 
For these tests all dry guncotton is submitted to a heat test monthly and all wet 
guncotton to a heat test quarterly. In addition, a complete history of every lot 
of guncotton received at and expended from the magazine on Rose Island is kept 
on file for reference.

foJn,c7nducting The heat test of smokeless powder and service guncotton will hereafter
ken s°s^e made only at naval ammunition depots and shore stations regularly equipped for 

cotton?and eun’ conducting them. The surveillance test is decidedly more accurate and regular, 
wher“made.test:and when possible will be the standard method for determining the stability of 

smokeless powder. The heat test will be relied on only when an immediate result 
is desired regarding the condition of a sample of smokeless powder or when it is 
impracticable to conduct a surveillance test, but in such cases the surveillance 
tests will be proceeded with in the usual manner at the earliest practicable moment, 

when made. 16. The heat test, if properly conducted, is of value in the case of doubtful
powders, as it requires much less time than a surveillance test, and nothing in the 
previous paragraph shall prevent the officer in charge of powder tests from sup­
plementing the surveillance tests in this manner or from conducting heat tests 
frequently on powders of doubtful condition or recently received with a doubtful 
or unsatisfactory history. Stabilized indexes need not be given the heat test.

17. Heat tests are to be conducted in accordance with the instructions given 
below and are to be reported on Bureau of Ordnance Forms 67, revised, and 67A 
for all powders held available for issue.

18. A serviceable powder should give a heat test of at least 10 minutes, and if 
less than 10 minutes is obtained, a special report will be made to the Bureau of

acc e p t a b i e Ordnance.
19. The heat test outfit is issued to all naval ammunition depots and con­

sists of a box containing apparatus and reagents for making heat tests of smoke­
less powder and guncotton; also litmus tests of guncotton. The fist of contents 
of the outfit is as follows:

Heat test ont> 
fit.

1 oil stove.
1 copper bath.
1 cover for bath.
1 thermometer.
1 rubber stopper.
6 watch glasses.
2 dozen test tubes.
1 pair of forceps.

1 dozen holders.
4 glass rods.
1 bottle glycerin solution.
2 bottles, of K. I. starch paper.
2 bottles litmus paper.
1 bottle distilled water.
1 blue print.
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(а) The water bath (Pl. I), consisting of a flat-bottomed cylindrical copper 

vessel about 10 inches in diameter and 5 inches deep, is filled to within a quarter­
inch of its edge with water, or a mixture of glycerin and water, such as recoil-cylinder 
mixture. It has a loose-fitting cover of sheet copper, to the underside of which 
perforated tubes of thin sheet copper are soldered. These are from 2{ to 2| inches 
long and serve to keep the test tubes at the proper depth during the test.

(б) A kerosene stove about 10 inches high, having two burners which are fitted 
for wicks 3 inches wide, is used to heat the liquid in the bath. This stove is provided 
with a round top 8 inches in diameter upon which the bath rests. The top of the 
oil chamber is made dish shape. This should be filled with water while the stove is 
in use, as it keeps the surface of the oil cool and prevents an explosion. In case 
there is no kerosene oil available, ordinary alcohol may be used as a source of heat.

(c) The test tubes are made of glass of uniform thickness and are standard 5| 
inches long, | inch internal diameter, and f inch external diameter, closed by a 
clean cork stopper fitting tightly, through which passes a tight glass rod holder.

(d) The holder is made of thin glass tubing or rod, 4 to 5 inches long, into the 
lower end of which is fused a platinum wire 1 inch long. This wire is bent into the 
form of a hook | inch long and serves for suspending the test paper in the heat-test 
tube. The rod is fitted into the test tube by means of the perforated cork stopper. 
Corks are discarded after one test.

(e) A chemical thermometer, graduated up to 110° to 120° C., is fitted into a 
hole in the center of the cover of the water bath by means of a perforated rubber 
stopper.

(J) A pair of brass forceps, bone-tipped, is furnished for handling the test paper.
(<7) The heat-testing paper is known as “ K. I Starch paper” and is prepared by 

immersing a special grade of filter paper in a specially prepared solution of cornstarch 
and potassium iodine (recrystallized from alcohol) and drying in a dark room. 
The proving ground is the designated source of supply for this paper and only the 
standard paper supplied from the proving ground will be used for conducting heat 
tests. This paper must be kept in the black glass bottles in which supplied, tightly 
sealed, and stowed in a dark place. It is furnished in strips about 1 inch long and 
f inch wide.

(A) The glycerin solution is made by diluting chemically pure glycerin with an 
equal volume of distilled water. Pure medicinal glycerin will serve for this purpose. 
It is issued in a small bottle, the mouth of which is closed by a cork, and the latter 
is perforated to take a small rod which reaches to the bottom.

20. Sample powder grains are selected from the powder to be tested, and these th2 hYatu^t for 
grains are thoroughly cleaned by scraping. A sufficient amount is then scraped 8o™ *1 *8 8
off with glass or a scraper, the scrapings not to be more than 0.002 inch thick. In 
the case of small caliber powders, such as those for 1-pounder guns and small arms, 
the sample should be tested in its original condition. The sample is dried on watch 
glasses at a temperature as near 43° C. as possible, for 48 hours and then allowed to 
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stand for a sufficient time to take on the proper amount of moisture, which is be­
tween 1.5 and 2 per cent. Exposure over night at about 70° F. will give good 
results.

(a) Twenty grains (1.3 grams) of the powder, prepared for the test in the manner 
described, are weighed into the test tube and pressed down to occupy about 1| to 1| 
inches of tube. The sides of the test tube are freed from any adhering particles of 
the powder dust by wiping with a roll of clean tissue paper. An incision is made in 
the test paper near one end with the point of a penknife. The paper is hung on 
the platinum wire of the holder with the aid of the forceps. Do not touch the paper 
with the bare hand. To moisten the paper, grasp the holder in one hand with 
the paper uppermost. Touch the edge of the paper near the wire with the drop of 
glycerin solution on the glass rod in the bottle. This will wet the paper for about 
one-half its length. The test paper, fastened to the platinum hook and moistened 
with the glycerin solution, is then inserted in the test tube and is drawn up by its 
holder close to the cork.

(6) The stem of the thermometer is immersed in the bath to the same depth as 
the test-tube holders on the underside of the bath cover. When the temperature 
of the bath is constant at 65.5° C., the tubes are placed in the holes of the bath 
cover. The time of insertion is noted by a watch. After the heating has continued 
for a brief time, a slight film of moisture forms in a ring in the upper part of the 
test tube. The proper amount of moisture gives a frosty appearance on the tube. 
If drops form on the inside of the tube, there is too much moisture in the powder. 
When the ring of moisture forms, the test paper is lowered by pushing the holder 
through the cork until the line of demarcation between the wet (upper) and the dry 
(lower) portions of the test paper is coincident with the lower edge of the ring of 
moisture. If there is any subsequent change in the position of the ring of moisture, 
the test paper is moved accordingly. Plate I shows the general arrangement of 
apparatus for the test.

(c) The test paper is now observed carefully, and when the least brownish or 
yellow discoloration appears at the line of demarcation between the wet and the 
dry portions of the test paper, the time is again noted and the elapsed time since 
inserting the tube in the bath is recorded as the period of the test. The discolora­
tion should be greater than that obtained at the same time by a blank test. If no 
discoloration appears at the end of 40 minutes, the heat test is discontinued, and 
the results of the test are recorded as 40 minutes plus.

(d) It is obviously necessary that the apparatus should be placed in such a 
position that a strong white light is transmitted through the test paper. The 
kerosene stove is easily regulated so as to maintain a temperature throughout the 
test within 1° of 65.5° C., and this variation in the temperature is allowed.

Heat test for 21. Guncotton in store at naval ammunition depots is given a heat test annu­
mcotton. ally, this applying to guncotton in bulk and in war heads, mine and wrecking 

charges,rand wet and dry boosters.
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(a) To prepare a sample of guncotton for the heat test, split one of the blocks 

and scrape a sample from the interior with a knife. Carefully avoid contamina­
tion of the sample by contact with the hands or otherwise. The block being used 
for the preparation of the heat test sample should be in a moist condition to prevent 
ignition when scraping and, if a block of dry guncotton, should be first moistened 
with distilled water.

(&) The scrapings are rubbed in a clean cloth to mix and break up the small 
lumps. They are then spread out on clean paper trays or watch glasses and dried 
by exposure to air or in a heater at about 40° C. just a sufficient length of time to 
reduce the moisture to about 1.5 per cent. The whole item of drying should not 
exceed eight hours.

(c) The dried sample for the heat test is weighed out in five test tubes, 1.3 
grams (20 grains) to each tube, so that a series is obtained covering the widest 
variation allowed for moisture. The guncotton is pressed or shaken down in the 
tube until it occupies a space of about If inches. Thereafter the test is conducted 
exactly as prescribed for conducting heat tests of smokeless powder in paragraph 
19 above. The lowest test given by the five tubes is considered the heat test of the 
guncotton in question.

22. The heat test is a very delicate one for free nitrous acid, and the presence
of the slightest trace of acid from any extraneous source will render the test useless ’
and misleading. The greatest care must be taken that there is no trace of acid 
on any of the articles used or on the hands of the person making the test. It is 
essential that the test should be conducted in a room which is free from acid fumes.

23. The litmus test of guncotton is given in connection with the weekly and Litn,us tesl of 
monthly inspections, and these inspections are required of guncotton in store at
naval ammunition depots as well as aboard ship.

Chas. B. McVay, Jr.,
Chief of Bureau.

Navy Department,
Bureau of Ordnance,

September, 1923.
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PLATE LV,
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PLATE LVI.
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PLATE LVI.

WINCHESTER PRIMER N0.2{

F1G.1. LOCK COMBINATION PRIMER,MARK XV.

PERdSSKJN PLUNGER GROUP
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- - - - - - IGNITION CUP
- - - - - - ICNTION CUP NUT WAD
- - - - - - KEEP PIN
- - - - - - IGNITION CUP NUT
- - - - - ELECTRIC CIRCUIT BRIDGE

IGNITION MIXTURE'

FTG.2. CASE COMBINATION ICNTI JI. ■ HI

- - - - - - PRIMER CHARGE
- - - - - - IGNITION CHARGE
- - - - - - PRIMER STOCK EXTENSION 
- - - - - - PRIMER STOCK EXTENSION WAD 
- - - - - - PRIMER STOCK EXTENSION PLUG 
- - - - - - STOCK EXTENSION WRAPPING 
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r IGNITION TUBE WRAPPING
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PRIMER C 
ANVIL—

Primers, 1 Combination and Case Combination Ignition.
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