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Closed Bomb Work and Internal Ballistics Calculations (B)({Cont'd).

work was done in the Deutsche Yaffen Munltlon-Fabrlk research laboratory
at Jdbeck. '

2. Apparatus Closed bombs of various capacities up to three and one-
half liters were used. They were constructed with a liner and shrunk-on
jacket and were tested at.30 tons/sq.in. The chamber length was usually
five or more diameters. The cooling water was pumped through a water jac-
ket from a thermostat. ‘ :

The charges were loaded in much the same way as in the gun and with
a similar ignition system, i.e.: gun powder with or without NC igniters.
The breeth end was closed by a steel cartridge case conteaining a percus-
sion primer. This case was reformed after each round and had a life of
about 30 rounds. (It is said that some used a mushroom head ‘with rubber
gasket).

Zeiss~Ikon piezo-electric recording sets were avallable at Liubeck,
DUneberg and Essen. That a Libeck was used for closed bombs, rockets and
guns. Calibration was by the simple press supplied by Zeiss-Ikon and of
the approximate accuracy of 2%. The set at DUneberg was similar but sel-
dom used as a mechanical gauge was preferred., At Essen both pieze-elec-
tric and mechanical gauges were used and both considered accurate, but a
special unit was made to calibrate either type of gauge in position in the
closed bomb. Krupps also used a piezo-electric gauge for gun measurements
both in the chamber and on the base of the projectile,

The mechanical guage used at Dineberg was quite accurate utilizing

a one piece beam of flexible steel with 2 mirror mounted on each end and
the piston from the bomb working against the center of the beam. A beam
of light passed over first one mirror and then the other and thence to

the sensitive paper thus giving double optical deflection. The gauge was
calibrated in position by a dead weight testing machine. Uaterproof re-
cording paper was used to minimize shrinkage in processing and this error
was allowed for by printing two accurate centimeter scales over the record.

A1l the gauges used the same piston for transmitting thrust from the
gases. This protruded into a reeess inside the vessel end was protected
by a thimble filled with grease which formed the obturation. Its cross
secticnal area was 0.250 sg.cms.
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RESTRICTED

glosed Bomb Work and Ipternal Ballistics Caleulations (B)(Cont'd).

In the piezo-clectric sets the time-scale was provided by a flashing
tube controlled by a 1000 cps tuning fork. For the mechanical gauge the
time secale was provided by accurate control of the angular velocity of the
drum.

: By mean» of uhe thermostat the clesed bomb could be fired either at
rormal or hign tem - ratures but no provision was made for low temperatures.

oo (C) Method of Analysis of Records. Powders were almost invariably
Fired in the form of tube, strip or flake, all assumed tov have constant
burning surface,

- For any given size of a given powder composition, measurements. of
- force and covolume were made by firing one round at each of five or ‘more
e densities of loading. Then if P Max//\ were plotted «s a function of P

>1500 atm. would lie on a straight line. The intercept of this line
oh the zero pressure line gave the force econsiant, F, and the slope gave
"the c¢o-volume N. Sinte no heat loss correc.ion was appliod the values
_of ¥ and N depended on the web size of the pwder, F diminishing N in-
N creasing with increase in web size, .

. .. Two methcds of determining the relative quickness of the powder were
used, depending on the use to which the results were to be put,

The simple method assumed a linear rate of burning law and no co-
volume correction. Under such cireumstances the pressure must be an ex~
ponential function of the time. Times were measured at which the pres-
sure reaches P, and Pie, where P, is some arbitrary pressurs, about 1/3
of Pmax and e = 2.718. I¥ T i#s the time interval from P, to Pie, then
‘ TP max = Y equals D/B the reciprocal of the relative quickness. e
- beginning and end of the pressurs eurve are not used because they' depart
. from the ideal exponential curve, nainly owing to irrsgularities in ig-
nition.  The relative quickness obtained by this method is almost ind-
ependent of the density of loading for deglycol powders. For gudol pow-
ders, however, the relative quickness diminishes at higher densities of
loading and the.figure used is that for which P max eqpals the maximum
pressure to be expected in the gun.

3 At Essen a more elaborate analysis was used, the appropriate force
and co-volume constants being ussd to calculute Z, the fraction of the
charge burnt, at each of some 20 constants of time for which the pres-
sure was read off the curve, Then S Pdt was plotted as a function of Z
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- Closed Bomb work and Internal Ballistics Calculations (B)(Cont'd).

and the slope of the middle part of this curve, which was nearly linear,
gave Y. Results varied slightly for different densities of loading and
a mean value was taken. .

For experimental powders log P was plotied 2gainst time, using log~
arithmatic graph paper, and the curvature of the line showed whether the
powder were progressive or degressive.,

(v) Application to Gun Caleculutions. For most purposes a very simple
method of gun calculation was used, similar to the old ADD method. The
closcd bomb figures for F and N are estimated for about the right web size.
The powder was assumed to be all burnt before the shot stacted to move,

giving a pressure

Po = F/Y/n - N

The gas was then assumed to expand adiabatically, using a value of 2 gifen
by:

Fzl4+F/(Jxcal. cal.)

/,—“‘ 102

where HJ is the mechanieal equivalent of heat in the appropriate units.
This adiabatic curve was then intersected by 2 constant pressure line P

= P max (crusher) and this line together with the adiabatie line to the
muzzle gave the pressure-space curve used for design purposes, A factor
of 0.96 was then used to allow for rounding off the corncrs of the dia-
gram in cclculcting the muzzle energy (W + C/3) V02, A further 3% or 5%
was substracted from the muzzle energy to allow for the frictional losses
with one or three driving bands respectively. This method did not involve
propellant size or the position of all burnt, but gave reasonably accurate
results in experienced hands,

A more elaborate method was used by Krupps in detciled design of new
weapons., This used closcd bomb data for force, co-volume and relative
quickness and started frgm a shot start pressure. The co-volume correc-
tion was applied in a step by step integration,

In chcosing a given solution for usec it was considered that the vel-

ocity at burnt should never excced 90% of the muzzle velocity in order to
obtain roasonable regularity. This gave a minimum value for the relative
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Applicction to Gua Coleulations (D)(Cont'd).

quickness of the der. For low performance weaponé, of course, V burnt
woyld be about 20§ less than Vo, ) - '

(E) Speeial €losed Bomb In vestg._gatigns. Three- special closed bemb
investigations de;gerve mentioning. the first place a study of the ef-
fect of moderatign on the burning propertie of small armS powders was made
both in the closed bomb and in the gun, at L#beck. For chopped NC tube
moderated with abeut 4% methyl centralite or camphor the progressiveness
due to the moderation counterbalanced the degressivéness due to the zhort
ness of the tubes, giving an effectively constant burning surface, '

Secondly at Difneberg a long and detailed study was made of the effect
of varying the ratlo of external to hole diameter, and of tube length to ,
hole diameter, on the burning propertiea of powder at various temperatures.
The general eonclusions reached were as follows: .

(a) The mean rate of burning inereased and became more irregu~
lar whon the stick length exceeded thirty times the hole diameter., The
temperature coefficient alsc increased in the same way.

(b) The mean rate if burning beceme irregular if the ratio of
external to hole diameter exceeded 2.5 for powders with cal. vol 800
or 2,0 for powders with lower cal. vols. Since different factories pro- -
duced powders with different ballistiec properties it was necessary to lay
down tolerances for hole size as well as annulus and tube length in order
to ebtain both!the required relative quickness and temperature coeffieient,
This work was carried out in conjunction with gun firings.
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A thipd investig.tion was the effect of atmospheric humidity on mols~
turg eontent and so on hallistics, but this was done mainly by gun firings.

Other investigations included the taking of gas szmples from guns or
cloged bombs by means of a small evacuated clored vessel placed in the cham-
ber or screwed into the wall, This amn.ll vesjyel was sealed by a dise, which 2
pypturad at a sultable high pressure and adritted the gas sample., [Experi- 2
mants with this ap,aratus showed that for Ngl, ang Digl. powders the gases
hag .a,g roximately the caloulated composition but fhat for gudol powders
the w géxf gas equilibrium oconstint was well helow tha theoretical valus.
# vas baljeved to be dug to the shortage of oxygen in auch powders. The
Gontdmmod presayre rise }s cloged hambs firing Qudol powders after the . -
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l: | Special Closed Bomb InVeStlgations (E)(Cont*d). )
” :fjfi ‘. chiarge should be all burnt was believed to be due to completion of some '(
o gas reaction which could only proceed slowly with such powders. ;
o A somewhat similar apparatus, in ‘which the gaseg produced in a small
; closed bomb ruptured a disk and-expanded into a larger-closed bamb.was :
used for measuring the smoke produced by various powders, In this case :
o the large:vessel was fitted with a light sourcé ‘and photbeell. -
' 3;;:: -~ r Notes and Abbreviations to Tables,
. 1. ‘I'heoretical cal. vol. in Table I have been calculated by personnel F
o : of Armament Research Department, Woolwich, England. :
-"\‘ ] ..
o~ OGN 2. Units of Force in Table I and II are tons/sq. in. per gram cent-
N imeter.
u‘\¢‘ s . . .
Nt 3. Additional German values mot given in the British translation of !
- tiiese tables are included in Appendix to Tables. :
: :I-)‘:f 4, Abbreviations: .
e - N
N - Ne Nitrocellulose :
o : ZN Nitrogen content of NC by weight. -
A o ! Nz Nitroglycerine ?
RN DIIN Diethylene glycoldinitrate R
o Trigl Triethyleneglycoldinitrate 2
N Pie Nitroguanadine ;
w2 Akar Akardite C g
e ) Centra Centralite I ‘ -
. L g0 Magnesium Oxide ;
L Graph Graphite .
: "&i . Na Nitronaphthalene :
i : Hydr. Hydrocellulese -
R . DNT Dinitrotoluene ¥
e ‘ M Mineral Jelly b
N2 Phth Diamylphthalate =
40 Ephu Ethylphenylurethane -
:.-* Dphu Di_ henylurethane .
e T 2
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APPENDIX TO TaBLES

Supplementary Data on German Powder Compositions
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German Theor.

Specific Gas. Vol.

Powder No. . Description Cal.Val. Cal/gm CM3/kg.
1 Ngl. Pl. P-12.5 1198 814
2 Ngl. Bl P-12.5 1144 829
3 Ngl Blp ~ 11.5 1023 869
& Ngl. RP - 9.5 832 943
5 Ngl RP - 8 725 981
6 RP 32 _ 719 938
7 Digl. BIP - 10.5 925 953 ;
8 Digl. BIP - 10,5 916 957
9 Digl. RP - 9.5 8l 970
10 Digl. RP - <0.3 740 994
12 RP - 38 686 1019
13 RP - 38N 695 1010
14 RP - E 579 1066

15 Digl. RP - KO 571 1088
16 Digl. RP - KN 559 1055
17 Digl. RP - KOD 575 1052
18 Digl. RP - GO 503 1123
19 Digl. RP - GO.5 497 1108
20 RP 40 540 1078
21 RP 4ON 577 1063
22 Digi. RP-Gl.5 498 1920
23 Digl. RP - G 2.5 509 1069
25 LgP LON ~ - —

25a Lgp 4O -— ———

26 Gup - AD to al.3 830 993
27 GuRP - 39 n3 1023
28 GuRP - 7.5 537 1100
29 GuRP ~ 8 736 1007

- 9 -
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Appendix to Tables (Cont'd).

Powder No.

Description

RESTRICTED

German Theor.
Cal.Val. Cal/gm

Specific Gas, Vol.

Q3 /ke

30
31
32

GuRP - KN
GuRP - GO
GuRP - G5

518
531
476

Prepared by:

C. H. BROOKS,
Lt.Comdr., USNR.

G. H. NEFF
Lt., USNR

T, L. MILLER
Lt., USNR

J. B. CASTNZR,
Technician

- 10 -
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Powder
o~ » ~fa N> Mo.

2
l0.

1.

IIpe

I‘l-ﬂ-&lz,ﬁ -
ln.m.P-H.S -
Q. El.P-11,5 -
Mgl R P 9,5 -
sj. P12 ar afr./n
Q.RE -8 -

R P.33 or RPCY/3%

Dig1.81.P.-10,5 -
(Howitsers)
nigl.Bl.P.-10,5 -
{Primry charge)
MELR P ~ 9,5 =

182, P, -8-0,3
(3¢7<a. Plak)

(vigr-R. P - 8,3 -

(Digl-RP. ~ 8 -

12.| .7.38 or REC/38
TAR AT E"
14} B.2 -8, -
;1'! Digl R P -K-1 =

or -K.1.-

1]
16.,! Digl.&P. K K ~

SIIAN GIN FPROPELIAIRS
|
Composition in X dy weight Cade
) Val.
NG | MW G |Akar [Contr{ligO |OQregh
54,40 |12.90 | ¢4.50 }0.50 [ 1.00 | 0.05 | 0.05 1290
59.31 [12.75 |39.5¢ {0.25 | .75 |0.05 | 0.10 1355
57.75 {12.75 |58.50 | - |3.60]0.05 | 0.10 1150
;u.n 12.90{29.77 { - |5.75]0.35 | 0,10 950
67.07 {11.40126.08 | - |6,50 |0.25 | 0.10 840
66:60 111,50} 25.90 | = |7.25 {015 | 0.10 830
2s D E G.D. R FPowlers
NC. | & |D.GN |Akaxr |Cente [%@0 | Qraph| otk [ILJ. |Phth. | KgS0g n04
33.62 |13.00 {35.78 {0.25 | 0.35 ! 0.05 | 0.05 ' 1020
54.72 {13.00 | 44.78 {0025 | 0.25 | - - 1020
61.80 {12.60 {36.45 | - |1.5010.15] 0,20 | w0
68,3G 111.90 {29.25 | - |2.20{0.15] 0.10 0.30 870
67,70 [11.90 {29.05 | - *,-5000 015 | 0,10 820
69045 12,20 { 25030 ' ~ [ 5400 | 0.15 | 0.10 810
68.72 112,20 125,03 | ~ |1.50 | 0:15] 020 4050 810
6055 |12:00 2595 | ~ | 3075 {0.15] 0,10| 2,50 | (4.00 DN.T. 3.00 Ryar) | 730
64.15 [13.00 { 27.%0,] - 15.35]0.15] 0.10 1.85 | 0.90 0 ™
or LOO
é1.08 |12.00 | 268,17 | - 7.00‘0015 0.10 1.25 |0.25 4.00| 730
| !
. — e

Poroe
Byitiah
Units

77.8
7401
87.3

82.5
624

72.1
73.0

88.4
83.3

62.3
61.0
6.7

55.¢
555

538

3150 |
3130

2650
2570

Me5

2545
275
025

2135

-1~

Theor.
Cal.Wal.

1297
1256
1159

g

58

1005
123

933

T85
T4
638

654
or 633

e et g —
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Shaet 3

W : Calibref | T

1}‘1 Gun ovam, YPo » wte
e kgme -
1t {5 om. PeX. (x.u.r.)s 50 Dg-RR-83- |310 x 4.4/3 <770

1. {{Casemate & tower) { g MLR-D5~ [52320.8° § o0

A -10.5- (205'x 75 (1 tube :

505-?.3.(!.&.!-)‘ As firet two clarges of PeK 38
(Casemte & tower) (1/60)

1% {5 e Pak nutc-tie{ mz.z-o 1~ |835 x 2.¥1 .025
s kerat 58 50  |DigLR.P.-KD.5-|570x30/:5 1,08
1R |75 o XuK.40 & g 75 | DigleRPeGO.5- ﬁ:&%s -

. 7.5 ome Stu.K.40
5 (tank and 8. P.)
| §
! & am K K. Gu. R.P.-G 1~ |560 x4.J/L5 2
:#75"”’ has ®.42 % " |igur.p. 6 1~ |580x5/2 E.n
: " % M&R—G% 5}°8V4 3
{ e 7.5 ez 8K o/34 () 75 Nze R D 300 x6.5/1.8 0.93
g (1/33) ( or]igl. P 29024.9/2.6 [1.00
: I ( or{R.?. 3& 290x3.9/M.6 .90
L R.-IG18 ({75 1. m.m,p.-n.yt 50 x 0.2 <0155
(I/ll-S} ( 2 D@c PLE~12.5 73.5x% 0.8 «0220
(I’or immr’) ( jo " " 00310
{ 4 i " 0175
( 5 u " «0715 |
§ T%s of Che 1 is included in Ch.
' 1. " =0 x 0.2 as
; ( 2 " 73.5x% 0.8 above !
} ! (, 3'_ “ ,n
1, { S




_%;_ Shot | Total Pre
Le Capy | travel| onp, Woang iDasigz

MV, | Projnciile
ms, |litres| mas. |litres kg/ 8qecms s
335 led f2073 (7.3 | 2300 3300 | 870} ncze: o, p,
. 575 fuze’ E. B
m.” 103, 2”305 7.19 2600 ’m 87 fie Co
, : 575 B.2.
292.% | .823 13038 | 7.48 2000 3500 | 850 4P
[} " “ » L] [ ] m ‘L-:’.
368 | 2.41 (30880 | 9.05 3000 3700 {1020 | A.P.53 cals.
5¥.6 | 3.17 - - - 3600 790 § AP
: 990 | A.2.40
565 | BT, sz
555 | i 2. (v bond
485 § B.E.3¢
5 | B.E.33
465 § LT.32

€00.3 | 5.1 §4416 [20.1 2000 5600 933 § A.F.35,%<n
- ~

578¢2 | 400 |4sa7 1300 " 700 | mx.q0

325.5 | le45 J2178.5111.34 2400 2 620 B

€0.6 1 Q.241 721.21 5.58 3400 1800 5 F;.l.:

11
154 -
172.5 .
251 -
5 to give total wi. of ihe comozite civuge-
j eal e o
. ~as I
{ 0.5 v
; . Bl.3

'3‘.1-5 «

———
——
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Shegt 3 @ &
R M lohargs | Shot Shot |Toial Proumz -
1{3 (-5 mmae Type ' e wt. | whe Ocp. | trave) | cap. | Working IDemgn M.V.! Proja-ti:.
H g kgoe |kgoe | xmm. a! 1ms. |ittres kg/nqecma /s |
! " . A T a—— -
b TeSom XA (7 BRr-135- | 50 x 0.8 0040, | 5074 | 28347 | 0e8 63.53 | 7.8 40 400 ; L
| Stu. O 1&:-.:.3 25.9/8 0 je.eo!l N3-3 305| B
(Tank & S.R.) Total whe 410 kgme| - 440 450! w,p. 2"
6.90 43U; gint. i un bad
l "” "o x“- * ’
7. Jeab. Ceach. 36 ™ DIgAR-05! 8 x A1 15740188 0.9 Jaose |5.75 | 2600 | 300 | 200f .z
Msuntaia Gum) . . 158 N . , 240
o .. * 8 3 285
! ‘- . M 354
(Y i DR R-9.5-130 x 25/1 530 . 75
{ Che ia all o sime, mot oompoaite.
& i ( All clarges as abowve. 1583 g :.t.
1 . At
z } RS
H
L} i £75
2. ov. K25 (1 75 (Mgl.BL.P.~ {10210x1.5 | <167 |5.7¢ |260.¢ |0.7 | 829.6 {4.5 | 2200 B35 :
I:.l:am‘ain &) in.s- . -182 2 . %5 PK'L Yy \ved)
. _ 3 (no. 80 gm- 4x421) | 138 [6e56 =18
.! FLR. 285~ [18.5x¥1.8 = .330 | °© 2l ) B2
4] { (in-10 gas. RLPLP-B5- 50 x .
b Ca. 4 does not coudain say Ngl. X1.P. frona the othey charpess
y 3 7. %% 18 it ™ TighBloP-205] 50 x 0.35 | <074 5483 [ 918.3 ([1.25 {145G.7 ‘s.os 3500 i oscc  |assh) m«
it Nigld gun) i DARL.-C0.54 170 x 1 344 . 370
" » . S50 1 soc ),
; . wte 0f ch. 2 apd 5 is total wt. of componile charpo .
L. coeo7l 30 (l ¢ bh. m.a.e..zz.sJ 1x1x02) .0 {35 | - - ) 4 80 | 5l e
(Boowy mrtar) XL Rp2.-12.5] 0.t x 6/30 | 019 | ! 165 Pwes -
i { - e " «057 o ? i 17 Q [TV
- ¢ e § . O et i i 1 L p
; , Ch.T i3 tne primiry crd 132 rt. ia i!t:cludﬂd in «:2.;;: cluuEs. i
! + 0 ‘ i »
z | b 2 \ x
: - R L b



kg/sq.cn

D

Sheyt 3 _
-;——— Chhhq . Charge | Shot |
%i! Sun =9, Type Size whe |wbo
i.._f . e koo k8‘0 |
4| 8.8 cm. SR W i5.) 88 x.p.zn ggg:a.vs'; hesg o.o‘]
&1 31 a5 1 or R P (/38 X552 [4ef "
2 \\ or ReE.G/38 | 800x5.519[4.50 | " 1
L RaP. /38 800 x7/585\8.70 | "
{ or R-P.Q/}O KD:?/&.O 2,70 " l
e { or R.P.40 765 x4.Y3.0 12,80 | " |
0 RP. Arle-875L 985x 5/4 [2.10 9.4
25a t or 1g ?P.40 m:ﬁm.s 2.(5 " "
1
e} 5.8 a3 Tt . X Va5 88 | (Ngd. R.P. 290 x 4.5/2 3 2.420 {9.75
& (Tcrpedodoat zum) ( . X 40/ 25 .
2 ( or R.2.¢/38 x 4.0/1.8 h1.¢8 " 1
2fal { Lg- P40 55 x 4.9/3.2 ]0.85 |8.0 '
6.} 8:8 e .LC/30 {] 88 } R.P.G/38 X /2.75 {2.38 | 9.0 1
s | { or ¢/38, o 495 x 546/2.75 [3.53 | * |
2e % or R.P. 40 400 x 4+3/1.7 (2,90 | "
25 { L‘oPcw< “o p 4 v20¢ 2015 Jox
tl83ca 3.20/32 (| 88 | R.p.y/33 495 x 4¥51.5 |3.02 (9.0
2 . { or L.P.G/38 (495 x 4.%1.5 . *
e o, 1gz.2.10 480 = 3.5/2.8 11.7C |34
CiB.8cn SKI& (| 88 | R.P.C/38 390 x 4.2/3 1.75 |9.0
. L or L.P.G/38. {330 x 4.%/2 1,78 { "
£k { or R.2.400 300 x 3.8/ 2,10 |
28 ( LEQP'“’ : sm x &yl 1.60 9.4
I 1E.8cm Fiak 18 (| 88 | DighBP~Kl~ [500 x 4.51.8 [2.85 {9.0
i~ and 36 $ Dighe2- P -8, 83~ 4952 5.5/2.75 }3.55 "
n { @0 460 X 505375 |3455 (Se5
3¢ { 88 ame Z1ak 43 88 [CuP-kKE- {740 x 4. 13 5e5 | Dot
a OB P~ 7o5= 740 x 4o /10 55 10.2
;
! _ |




wZhagher | Shot |Total . Pregsure
Length | Cape |travel | ceps |ioridng |Design |4 .| Protuctile
mas. |Yixes | mmac 5 3G+CMhe w's
638.5 | 6,35 | 5501.5 [ 41.43 | 3100 | 3000 {1080h.r. */es
‘ : : %0ze Tuze
j
811;41%0
flE=. o
* (prectice
GﬁSur /0.5
321 ] 2433 {3410 [ a3.33 | 2600 W00 | 65 Hz i ;.9
® § or L/3.8, both
" mee fuss.
Star L/5.5
530.7 | 3.87 | 3175.3 | 93.58 { 2750 3100 e vris
Star /44
530.71 3.67 | 5800.8 | 56.50 | 3150 3600 Y s
N '; above
650} ;
348.71 2.49 - 25440 { 2500 3000 0 % As
’ "‘ o
N 800
530 } 3.67 | 4159.3 {20.81 | 2000 3350 uo;n.r.. 1/4.S
. Aoe Tape.
&B0) A.P.
980 | 8.80) 550 140.; 3000 3000 ACWO BB 1/¢.7
, 900 | A.P. 3@
: i | |




ey
Shoet 5
_t- Sun ]o-lbn Rowiar le’ 8hot %x Shot | Totuld ' Presswre I -
§ Ny X Type Sisc whe ‘ Wte |Le Cape | travol | cap. jdorkiuvg |Lesign u.v.! Projoc.. .
A { &lo mse {Ytwe | mns. | Mioe "yb *Cllis. o 8, . _
+ ) D
i | 8:8 cm. ErXud3 (| 88 |GuRP.G O - 3: o/ 3¢ ! 94 | 748 |8.8 |60 |4l.e3 - - | 156 iE
i and Pak 43 t }
”. ; or DIgRP. G 1 - 5*"/"5 o« | - " " p .
3t CuR. A G0 - {; x51/3 [68 |1018]| 78 9.0 2900 | 3800 {1000] A.P.39/7:
a 2 or DIR.B<G O - a x6/3.8 |0 | " . . ® .
The double mmbers under siss mean two lengths of tube.
12, {10.5 ca. S.K. q/”i 105 R.P. 38 mzo.;,?.a 5.65 | M7 | 813.9) 8.38]4616.6 | 49,46 | 2700 | 3900 | 9285] AR I[/4.2
2% Lg.P0 780 x 4.%/3.5 | 2.90| .0 - 2900 uo{- Star 1/4.3
§ {10+5 om S.K G/33(1105 | R.P. 32 550 £ §/3:5  |4+® [15:1 | 588.5 5.38] 380305 30.50 | 2850 | 5300 | 785f ELE. ir'aes
o ac R.P. 38 550 x ¢/3 sa0| ' . -
2 or R.A.4GN 540 x 4e4/27 [4.90]| * . -
& Lg, P40 44 x 4.8/2.6 | 3.15 | 4.7 650]  star /2.1
¢ j10.5 cm S.E c/»z 105 | mp.38 665 x 6. 5.03{1%.1 | 698 |7.31]}5850 |s56.35 | 32850 | 3800 | g0r
a2t i or R. Po“ “5 x s. 80’ stw . .”b “
Zfe.i' i l 1g.P.40 665 X 4e2/3:.3 | 2.85] U7 8 adove
25, | or Lg.PAM 665 x 3.7/2.5 | " " .
po,, cm. Flak 38 (1105 pigleR.Po-Be2~) 685 x 6.29/3 [5.00{15.1 | ee8 |7.31|s5650 |s8.35 | 2850 | 3400 | 90| mE /.4
" E or PR P, -K 2~ 665 x 5.%/1.5 ]6.00] * . s
" { QLR P 8 | 665 x 6,253 |5400]15.58 880 A.P.
: ]
! l
! i




Shaes €

N ; Zun Sl Lo ! Gwage {Shot Cham Shiot  {Total Pmar.nv
\g s Typa Sire vk whe fength | Cap. |troval [cap. | WorkingInscign i v. Pesgectile
'@ L kgse gkgs. fmm. 1litvos | mea,  [Uitres kg/ 8q.cms e
= , T
CFobal o woaas {1105 ]1. pigLB1.P.-20.5{3 x5 x 0.8 «245 14481 | A7 2.3 |0483.3 {2644 | 2500 j 2850 | 208 i
| {l.gat howitzer) | 2 . . 308 " 40 -
i \ 3 - " -378 " 2722 |
Por 1. 7.8, 13X ( a. - » o8 | " : 326 .
| \vith cusale e . . 8501 - ] 4l .
| trake) { &.(" " : . -222; " Potal chewte : ;460 "
i ( .( plus * é4x4x1.83 «800 " 1. .
{ ( Alternative charges ging the sase velocities are as followsd
a, ( 1. DiglELP-XM5 |10x1020.3 | .190 ,
! ( 30 0u.BLP~A O - 14 x ¢ X 0.0 <263 : :
26, ' ( 3. . ® 'm
i ¢ de » - 479
: 2 5e w - +695
: _ 6ol " " .aso; Total ch.wt.
} 1 ( plus * 8 x 8 x 0.9 820 1.080 kg !
8 | y e Digl-BLA-¥05-{10x2020.2 | .180 -
- ( 2. ¥z Bl.P. 6x6x1 “45¢ .
: { 3. " N - <328 "
% { & " i " 0470 -
; ¢ 5. " : .693 -
- €¢ N2.R.P. ‘175 x 5¢5/2 11.060 ' : -
| { 7tg. of che 3 to 5 includo che 1 in the compouite charges. Ch. 4 doos mot include ch. 1- !
19 1=, 10 c=. K CE7){}105 |Digl. R.P.-COS5-]345 x 3/1.3 {2.85 |14.95|385 |3.6¢ {2565 |26.85) 2800 l3is¢ ! 630 g 32
{cazerate & tomer)( NzeRW P. 345 x 5.9/2.3 |2420 14 .00 640 ; a
' ' ]
19, ;=26 o= %38 (105 |DigleRaPe~ G 005-1450 x 301/0.5 |2440  [15.34 | 791.5 | 7.80 }43c8.5 {4V.40| 5700 13150 5% ! -9
P koot oim) ( " " 3440 " 690 :
22.: \ DiflR Do 2 ~ 1750 2 5497340 |5.75 " . &5 !
1 : ?
: ' H
; ; } i i : !
: : 5 : T 5
; :’ % ' l |1 i




- 8o v

3 3 -
] !'“ QJ T f(‘alwhr:; RN 5.0 -1 Churpp | Shot | Chamber | Ghot  |Total Prossjre Projectile
?}Z fpiida Typa Siso irbe | wbs llength {Cap. Hravel | cap. | Vorking | Design {LV.
X J kgse- | kgse | mmae  Ritrce | mo3e  [lityes kg/sqecue /s
e A ; T
) 50 10 e x 16/40(1205 | Mgl R.P.-G 05- x3:1/1.5 | 2.94¢ N5.14 {1034.5 [10.28 | 5000 |54.88] 2200 3260 {550 | HE i~
! { " " 395 | " €50 ’
22 ‘ LG R B~ G 2~ |350%5.5/3.5 | 680 | ® 915 u
] .
&} 10 om. Ged. !-Zuub.% 1G5 | 1. DigH =105~ {10x10x 0.2 +242 14.81 | 158 1.9 [ 2417 (14.49] 2600 3000 28 AFE. a2 tr
1 1 Yoantain Howe) 2. n - 277 37 1.P.49. 6,
26 { >GuBLP-20- ¢ x4 x0.6 | 333 23 -
{ { 4, . » «437 ! 290 -
; { 5e N " 577 352 -
{ ( € " " 085, * 438 -
} { v.z u L. «100 586 .
| A Qs CuRg: 2. -A 0B~ 1.9 x 154 | 1.170)total ch. wte 1.370 kgo .
) ( Ch- 3 %0 6 includo wt. of ch. 2 in tho composite chargs.
i . Alornativs charpes to give the samo welocitica.
3 { 1LD2BLR-10.5- 5 x 3 x 0.8 | +275 -
( 2. w L .325 -
! ( "3‘ ®» [ ] 0380 »
; ';; i? L] ] <483 "
) i iﬁ. " " -615 -
) coep ot 6 L L .ws \d
: i {7.0iLRg2-10.5 | 149 x 15/4 | 1.800 -
t l_; i:- Iﬁ.’j-R.?o'G 005- 280 z 2. 105 2.140 -
26, .7, F105 [WGusleZi A 1= 26802 246/140 2.650;14.61 481 Set: | 899 115.5 2150 250 § 350 | RE, -~ o=
t raczrllenz) ] Wolus 60:x2.6/1.0 | 0.430 : ' E Y8 RN
6. 117 ma S c/;f,:‘;z;;: ; 32 630 x §/42435 | 8450 £28.0 | 819 }12.10 {2611 {75.9 | 2900 3500 } €0 | RE oo
" { j o 2538 390 x644/241 “ n * -
L sy for 2,280 G20z 2e3/40d " " " -
e, i jTige PedD 690%6.5/4e5 | 5e75 B7ec 2000 650 | Ster 7.t.n
21, . W é LT e IrASY! (1140] 7.5.6/508 5:60 " b N
f .‘ : ;
L = . |
. : ; : {
D ! | ! :




Sast 3
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]
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!
i
|
s
l
!

| S— —
¥ ¢ Gun _Pomisx | Gerg
. 22 S Type ime ,;-
Q .
| 87128 o Mak 40 (] 238 R Pk B~ [850x5:8/3.0 | 950
R ~ DighRR=KD= | 815 2 S01/2:3
N [ S RePoe 8 = |00x7.855.8 | 8.8
| 21 :12.8 cm Wiak 40 | 128 | R.P. a0 e90x68.5/2.5 110.0
L 8 ( o R.P. B~ e15x6.1/1.8 [10.0
- W 112.8 o Plak &) 198 R-P, £ b 950: e & o 14‘0
: (increassd wlo'y .
36 [12.8 on P3K 44 é 138 Fnu.v.-o 0.5- | 830x5:9/3.5 |15.1
(Tmk dsstrayer) . . 13.0
6. &5 o Sk if40 2 1492 RP. 38 550 x §/3.5 [10.34
40 calidre)
| e 2 Lg.P. 40 550 x %/3.3 8.50
¢. 15 ca Ubw K I/45( f49.1] R.P. 33 550 x §/3.5 8.64
I & KU boat gum) ( or R.P.38 535x6.5/2.8 | 8.50
. 2 or R.P. 308 535 x 7/3.1 8.30
2fa Lg.P.40 550x 4.%/2:0] 7.95
"6 15 ome S.kKe L/45 i 149.1] R.P. 33 835 x &§/3.5 [24.35
2 , or R.P.38 835 x 1.%/3 "
bl ‘ ( Lg:P40 | 825 x 5.5/3.5| 9.50
¢ 5 e 2K /28 (US| R.P.33 825 x §/3.5 |14.95
2. or RBR.P.38. 835 x 70y3 o
l ’ 2fa Lg.P+40 825 x 6.3/4.6] 9.20
\‘ ‘ls e K !/552 249.1] as above as above ag"‘
! a
l |




sghot Snot | Totnl Pre Projectile
wt. lLength| Cap. {trevel; ocap. |Working Eu@ A
kgae | mnoe | Myos | mmas | litres kidsq.cm- 9/ s
26:0 908 [14.37 ] 6584 (1CO.94¢ | 2850 3400 Q0 ¢ H.¥. L/4¢5
. L ]
”.o m ‘4 ?o
28:0 wewm=i A for Plak 40 -~-—-w] 2550 33C0 200 F FOCR
28,0 }ras1 ]19.2 ! e259 205 [ 340 4 $80 3 . if'5
8.3 | 92 [20.4 5829 | 95.4 3000 3700 0| AP 45
26.0 704 H.e 5
40:0 | 731 (142 100.2 3100 3000 aooh AP. /2.9
" : * fer %.x=. /3.2
n # ﬁﬂr &u. />
37.0 $00 ] Star I/3.8
45.5 § 749 (14,068 ] 5592 hi11.} 7neo 2700 680 . R S
" L] -
] - [ ]
4.0 |. 650| star 1/:.3
45.3 1150 [21.8 | 5178 Pac.e | 2950 | 3400 | & sk B.E. 1/4.6
» =K o /s
41.0 50| Star L/4.3
45.3 11151 |7 6065 N4el.3 2900 4000 8:5 as above.
L]
41,0 650
a8 1151 §21.7 (141553 &41-1 3800 3600 875 | aa ebove.
sbove ) é




R0 e
v T ot ot —
H Gan Nalans travel | oap. KV. ] Projectils
&i e TA%e mme fitwms os Je
1245 mme S /85 1491 e |1%8.3 ‘mh( HE. I/4e
& . % _ ; . ® Hor /8.5
€ 35 o Uots KQOS({1e90 ] - RP 38 885 x &/4.8 | 2440 [45.3 11950 |:m.7 | 5685 J123.3] 3000 | 3500 | 78| m.E. 1/4.6
12 ! (terrodoboat s\ﬂz | orRP 38 eBx7% | " | * . LA
! | | werso |esxsyss| 05 ja.o | 0| sarvas
) is.1.G. 33 (hso {1, pig.RP-05-{3x3x08 |278]38.0}] 90 |1.7 | 2308 -} 1m0 | 2330 | 199] mr 33
' \heavry infantry 2« bt - 3 4+ B Bl b4 or 38
4 .
i =m) (] 2. . w 3901 * 190 *
! _ 4o . . R R IAE ne .
; % 5% LS L4 ‘m L] ”7 -
! \ 6. * I ‘1.8 *® 247 -
i k ' m.thov‘ ohe mom omm“mo ReBial2.5 = 40 x 40 x10.2
: ( Altermative s for same velocities
a6.; 2 le GUeBlePood O- |4 X4 X 08 | A4
i 2. . : b "”
f 3. : : .“’
( 4e 545
1) 3 5. . » [} .",
; ., 60 . b 93"
( Al thon altermative cb. wta. inclule 41” mo m‘]l.o B].-P.—IO.S- 10 x 10 x 0.2
7 oo 16 (1150 §1. DgLBLR-10.5{4 x4 223 | .5 la3.5 {36 |7m |37 5 | 2500 | w20 {me| ms. e
P ldewry hezienar) . " " «740 7} or 19 ko
{ 30 0 " » 870 258) (anti-
{ Lo " " 1.085 288 corcTote)
(1 Se " " 1395 330
{ Go s " 1,870 308
7 E 7« Digl.Rg. P.-10:5-}1.9 x 1%/¢ 2,910 48
$ 8- " » 5+605 ‘1 525
y AdY crarges cre coxposite, wte. of Che 1 to 6 irclude <5350 kgs. NglefleP--~12.5- 40 x 40 x 0.3, and wts.
{ of chse 7 and 8 incfudo +440 kgse DigleBlePe~l0e5~ 3 x 3 x 0e0e
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Altermative
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1- Jeso x5
charges for the sano:

1. pigl.mpP, -10-5-':0 x 10 x 0.2

2. cn.m.r.-a 5
3.

4. .
5e °
6. -

x 8 x 0.9

L I Y S

«98
1.1
1.30
1.535
2.075

10.1
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including ch. 1.
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4354-1 802

3000
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- m.. Nzl.m-. +=12+5~ 40 x 40 x 0.3
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S . .| Comrge| Shot |_ Chamber Shot |Total | &
2 Gum M“ wte | wt. [Length |Cap. [trevel {Cap. |Roridng ivulp V. | Projectile
a - | mma- Sine kgs. | Xgs. | o 8 | cese  jlitres | g sq.cue P
- {17 cn. Xe I/w & 1.5 x 1.5 «08 1852.4 '4200 8448 [196.6 | 3200 3750 b HE. 39
2s. 680 x 34.6/30 +85 }|Main charge, total wt. 18.08 kge. €% |} wte
L 660 x 7.4/3 18,78 68 ips.
Lo 1.9x21.5% . Fore chargn 3, tolal wi. 3.70 kga., fired with J
23. 680 x 80.4/65 «54) | main charge to give ch. wt. 28.78 kgs. and velocity | 755 z
760 x 7. 3 9.13 . -)
660 x 7.&/3 1.7% |Pore charge ¢, put in centxul tube of fore charge 3
to inorease velocity in worn gun. !
1.5 2 1.3 : «10) | Special cherge 1, total wt. 15.5 kgs., fired vith min
aa. _ 980 x 7/4.3 15440) | charge to give ch. wt. 34.58 kgs. and velocity ars
900 x 7/4.3 4«¢ Special chargs 2 wrepped round special cherge 1 to HE. 18
Sive totel chmrge wt. .98 kgs. and velocity 0 § wt. 62.8 g
& 117 om &K 1/40(173.6 M x 10/4.8 2.5 | 6.0 1308 |33.5 [5067.5 |152.5 | 2930 | 3800 [es0 { AR 13
: . or Hx. if3
} . ) ar I/}-j
. tuae.)
18, R P /38 = 9-5”,’00 235 a3.8 875 | H.Z. 1/4.7
20, . LgePe40 x 7.5/5.8 24415 | 38.7 850 | star 1/3.7
6 [20.3 oa. G/Ma ;) R.P.O/38 88 x 1¥/5 3.5 1831 1883 | 70.3 9645 380,68 | 3300 3700 )935 -
2fe Lg. P40 1835 x v/8 27.0 70
| . [Theso charges contaln smll amounts of otier stiok lengths which are inciuded in the oh. wto
Lg. Pl ca. S K1/45 poo.3| R.P.0/13 845 x 12/5 103‘ 1308 {48.9 {7536 [313.7 '}wo 3800 | 900 i.«.p. /2.9
' or R.-P.G/38 845 x §/3.75 Or with a1l Service charge velocity 800 {({or @ectice
I 12, or RP.G/38 645 x ¥/3.0 Ex,/z.v o
Thers are also reduded charges for velocity 800 n/a. . ‘L'S;*:.,- 53
. {of wt.
(1135 igse
l l o
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s . 7 Camrge| Shot Shot Total __fng_lgg__
i{ Cuon wte] wte cape | travel | cop. |Working |Dosign | V. | Projectile
N nase Type Sise k@se | kgoe | ome. [ldtres | mmoe | litres ke/ng.cm. /s
13 m-% m)s. 18 (| mo0 :. DAQLEG P -10s5~| 1.9 x 154 ;’ﬁ .113 ‘w.s‘u.s 54365 210 | 2850 l 2070 | 232 | A= 18 or
{Xortar . : . : 263 | E.E.18 Pe
2 . 3. . ) . ’.” These wtae. includs 1.00 mﬂo Digl.BleP.«10,5~ 299 | of wt.
4 b . 5¢211) 3 x 3 x 0s8 plus «05 kgn. Nzo Man. N.P. 1.5 x 1.5 366 | 121.2 %gm.
n o DgRP.-01 - 500z 5.4/3 7'”1-:1@:. 10 kga. Kz tan. KB 1.5 x 1.5 559 (Bo:::uﬂ
. ° =0 1 - z : . o NZe » 265 X 1o 2 | ants
Altermative for the same velocitigs. .
26. 1. ou.u:r.-A 18- 1..‘5 1%s ;::
8 : .
3. " . 4+03| ) Those wts. inoluds 1.00 kgs. GueBl.Po-d O-
' . v 5.031) 4 x ¢ x 0.6 plus 0.5 kgae Nz MANN. P, 1.5 x 1e5e
Se [ ] [ ] 7.83}
2, |12 N1 [GudP.-C 4~ }szG ™ |)wor.s5| 4028 lw Iavaos mv‘luas 4800 {1500 | wx.
(120 ln. renge) a IIDW - total 241 kgs. (min plus 1st and 2n3 fore charges)
. s ¢ o » x & .
Cuweks P -G 4~ . 085 z /e . 23 | Third fore charge to imoreass veloaity to 1625 "
6. |24 m%ﬂ 38 | B.P 32 wz 17/6.6 | 4, )1: 19:5.1 73.8 {7362 ]405.8 | 2700 3550 23 g:a Zz.s
: or Ee I/4e}
.| (2silvay or R.P.38 A% x 19.5/6.6] 43.0[) 185 810 | Kz 1/5.2
mount There are slso sxall Sexrvice charges of (710! as cvove.
37.6 and 35.0 kgs. respectively to give éeoo
. : velocitias of, 890
12. |94 co. s.x.z/502 ~ | RP. 38 ' %; 1%/4 dcs.o 823.5 1830 | 90.0 | 9288 [513.2 | 20 3200 ;sgg ii g;:
2.} a3 20 |DigtRP-03-  |MB8raqge (7.0 1533|2008 | 230[10:50 | 589 | 3100 | 3600 | 970{ B.T. 35
(30 Iz rarge) ‘ . e 86.0 . 880 L -
é. ;i‘o cc. S.7.C/34( | 283 in.v. 32 %%: 1¢/7 [p10.8 § 330 | 2619 120 {11885 | ©48.2| 3200 | 3700 | 890
l -
2, or R.P.38 %—3‘?-3 x 15/4.0 14,9




S5 (harge | Shot Gharbe; Shot | Total Pressure
}} Gun &.HBBF Powdpy wt. wts {Lengtn | Cap. [travel| cop. !Worldng Teviagn{ v | Pratastitn
QT a0se Type Size kgee ! kgmo | wus. |litres jmuge | it n kg/ 8qleme w's
6|2 omski/oo (|28 | RE 32 % x 14/6.7 110s.5|) 302 | 2182 |150 111200 | 274.2 | 1100 4300 | a5 AR I5.2
?-(1) Bruno {or 7.7 /38
B
e mouting) orRP. 38 PG =196 1055 - wol s, o
=, 4.4
" o R.P. 368M % x 14.8/4.9 |111.0{) Bach charge my be fiicd with any grojectile.
6. |28 om 3xq/a8 (985 | RP 33 A58 = 5549 [100.6)) 300 | 3335 (260 (11572 | 907.9 | 3300 | 3700 | 620 § e 11/5.;
or LD,
1”2 or R.P, 38 lﬁg = 16/7.3 |108.2
& |98 ome SK.40( | 983 | R.P. 38 1930 x 10/4.7 | 65 .g 2¢0 | 1842 | 122.8] €558 | G70.8 | 5100 | 3300 | 630} i /2.6
1& jor short Prwmo o LP. 38 1230 x 11/5.1 a7 or HE.2/4+3
K (%) o or LILL/53
2. | x.5 980 [Digl.R.P.~-G 5 ~ | 890 x 18.7/5.6 165 | 255 | 2943 | :0.0{17607 [1371.6 | 3200 | 37%0 990“) ET. 35
(50 Kn. range) or » 300 x 18.7/5.6 | 81 . . ' 151)
!ulmd_..o fires a rocket shell with ).V. of 1120 oy's but a renge of 85 Km.
4. Lm- B 4 200 2P-05- | HRx1ys.2 Jies | 285 | sves |zw.7[12600 N1040.9 | 3200 | 3700 | $60| E-E. L/4.s
, soprox
é. 05 om S.:. 305 | R.P. 38 %_x 18/6.7 2 1224 | 405 | 2598 | 199.3|11933 (1003.8 | 3000 {3900 | &55| M=.158ar AR
1/50 ' (|142.4] 250 | 2493 |197.5{13988 | " | 3350 * [nwo} BE.3.6
” o R.P, 38 % x 18/8 2 123 405 | 2598 | 199.3{11933 . 3000 - 855 | BE oc i I 30k
us 250 | 2493 | 197.5/11968 " 3350 * Inoof == i/r.e
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22l w1 ; 350 [1. NGRBG - o0 x %3 334
" |a. . - 3.4

; . . 80e4

23, ™ DU«-I-P.-G&S- 2000 x 9.4/5  |.93.¢
6|38 m sk /3¢ | 380 | RP 33 850 x 16.4/6.8 | 900
12 .- or R.P. 38 50 x 17/7 208
L 380 { Gue RoP.<G 5= 10.5/3.5 (| 300

% {Coast asfence) i ﬁz ¥ { %D

( 281

A301f X (130604} Gue Re2.~G 5- .lgzw) 350

N X

(Coast bm) z 2 307

9 Mrs 420 h. DIg.RR -0.5-] 550 x 1¥/3 52,3
(H-uy moztar) 2 * . 583

34 [ " 05.8

. " J 778

Gerat 36 533+4] Ou. R.P. - 80

« Gustay 80 | G R.P.G 19 1

32,8 i 5= }g* 25/ 16,;3
1800

2000




Prigy

Shot 8hot |Total Des
wto [Longth| Cap. [trevel | ccp. jJoridng sign (7. | Projectile
kgae | mme. jAbres | zas. | liwes ty/ s1.0me s
575 | 103 |168.5| 7997 | a5 | 250 | 3000 | 40| rirt-con
1 4. (S ‘-
All ohe wtse jAnolude 4 kgs. Nob. 1le5 x 145. 438G
! 562
00 2230 | 319 (16175 |520a 3200 3700 820
495 | M79 | 361.7(15926 [22.7 | 35200 3700 {1950} Licat ~r0de
485 # " " R " @ -
- 800 MN64 | 360 (15941 " 3000 - 8201 Ber-r ~raj.
670 | 2376 | 460 (L7074 {458 | e | 3650 140§ Lt tra)-
1030 " 5100 » 8101 Sorv. .0de
020 | 909 [ 135 | 5431 | o1 | 98 | 3080 | zemiF .. .oy
| 3054 ciie. w < mrate
A1l che wts. [includo 03 QB. R, 105 x 1-5- 12
ERE
2200 | 4368 | 1350 Jaueve |6211 | 3000 3420 s-ao!
000 4748 | 3400 127352 - 0 L Han S civte
L] L L] " - L] E;{‘ ;
" . LR B 2500 = { nof
4750 . " " 2600 " 850
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