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T FUZE DEVELOPMENT FOR HOLLOW CHARGE BOMBS

AN

SUMMARY

£

- t This report concerns the develovment by the Germans of
o a "discriminating" type fuze for use in Hollow-Charge bombs
;; which would bring about detonation at the proper instant de-
L pending wpon relative expenditures of initial velocity due to
}} the nature of the target. Herein also described, are various

modifications in the construction of the bomb body designed to
e ottain maximum effectiveness.
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FUZE DEVHLOPMENT FOR HOLLOW-CHARGE BOMBS AN

1. Introduction, 'f:{f

The primary consideration in the development of a fuzing systen . A
for the Hollow-Charge Bomb was to produce a "discrininating" tyve of '
device vhich could "classify" its target upon impvact and fire according- T
ly. To be effective it is necessary that the bomb be allowed to ven~ S A
etrate the thin pleting of a ships hull without firing before reaching ;u'.ﬂ
the actual layer of armor plate, at which tiie however, because c¢f its - 'J
conparatively light construction, the fuze must fire instantly in order
to prevent deflagration of the bomb, On the othér hand, should the
bomb strike an excepticnally resistant target, such as a turret, 1t must e -
detonate without delay, at once. Fuzes aré herein described which bring e l;_
about this detonation when th. initial velocity of the bomdb is expended e
to the proper degree. ERRas:
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As an example of the consvrctionof a Hollow-Charge Bomb, Figare 1
shows a cross—section of the 50 kg experimental model,
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The hcllow (shaped charge) space is made hemispherical on the ba~ :
sis of investigatinns which indicate vhis form to produce the nost fav- -
orable Monroe effect when detonated atslight angles to the target.
Next to the surfice of the hellew space lies a layer cf explosive about
15% of the diameter of the hemisphere in thickness. The front opening s
is covered with 2 rcunded shell of thin steel shestin,, inté which is e
screwed a vertical suspensicn lug. This lug, as will be described, lat-
er, conslderably decreacses the effectiveness of the bomb,
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A hellow charge rmst be detonated centrally and as far as pessible
frem the surface cof the hollow space. In crder t¢ accomoiish thies and
still enable use ¢f the conventional fusze charging plugs, the electric
fuze must be located athwart the bomb body as in standard bombs., The .
detonating impulse, therefcre, is led tn the eantrally lccated igni%er, T
through 2 connecting tube. Only a detonator is connected tc the igniter,
leaving the space usually cccupied by a booster empty. As illustrated
in Figure 4, the bcoster charge, if left in its ncrmal vesitinn, weuld
conslderably decrease the explesive effect.

The strengthened portion in front of the hellow space (Fig. 1) has S
- the functirn cf providing the spacing between the hellow charge and the T
-~ target which is necessary for the nost favoradble explosive effect. This s
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50 kg. experimental Hollow~charge bomb.
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FIGURE 2

50 kg. Hollow-charge bonb set for test firing on 15 cm ermor
plate.
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FIGURE 3

= 4

Results of test firing on 15 cm armor plate.
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FIGURE s,
Defornation of bomd noses,
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Introduction (Cont'd,)

rnust be solid enough to retard the bomb sufficiently upon impact to ac- .
tuate the fuze at the correct time. Since the dome-shape of the hollow )
chargs has very little resistance against 2 force acting upon it fronm =
the side, a stiffening ring is placed in front of the charge to compen-
sate for these forces which occur whenever, as is nost common, the bomb e
does not strike absclutely vertically. In a more recent nethod of con— e
_struction, deformation notches were cut into this ring. The bomb then ~
. ‘tends to deform at these notches when subjected to impacts which endan-

. ger 1ts construction. In this manner time to detorate the bomb proper- T
1y 1s gained. ' ’ -

Figure 2 shows 2 50 kg hollow cherge borb in a static test on a
15 cm piece of armor plate. This test was made without using the nose
.cover plate and without the nose suspeunsion lug.

Figure 3 illustrates the results of the test firing as in Figure 2. ¢
The 15 cn armor plate was ¢leanly verforated. = The hele was almost cy-
lindrical, having a diameter of 12 cm, almost as lerge as the dianeter

.of the hollow charge dome which is 14 cm, Diameter of the bomb itself :‘ﬁ
iS 2. cm, * - %

s

Figure 4 represents gravhically the damage inflicted uvon 15 cm ¢
armor plate by the test firing of 50 kg Hollow-charge bombs under var— R
ied conditions. i E

Drawing #1 illustrates the résult of a test shot without the nose jx“a
cover plate and without the nose suspension lug (4s in Fig. 3.). w2 oA
illustrates a shot under the same conditiens except that the bomb was N
offset 2.0 nmeters from the surface of the armor vlabe. : The same 15 cm -
Plate has been perforated by this bomb from even greater distances than N
that shown here, Drawing #3 shows the decrease in explosive effect RS
caused by inclusion of the nose éover plate and the susvensinn lug., A&Al- e
though the plate was perforated the lower portion of the hole is con- L
siderably smaller., This loss of effect has also been experienced in
smaller Hollow-charge bombs which epploy a nose fuze in this same po- I
sition. #4 illustrates the decrease in explcsive effect caused by lo— RN
cating the booster charge eccentrically. The booster, in thir case, el
was placed in its usuel plzce directly under the electricel fuze. The e
explosive force, as cen be seen, wasdeflected off to the side, and the
armor plate was perforated only with & smell hole,
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Introduction (Cont'd,)

Ag these exenmples illustrate, the effective use of hollow charges
can be spoiled by rather slight  changes in the design and/or method of
firing of the charges. The task of the fuze is to ensure that the good:.
results of the static tests can be duplicated in actuel operational use
of the bomb. v

Figure's_illustrates the result should & bomb of this light con-
struction fail to detonate instantly upon impact with an armored terget.
In this case the model was filled with tar in lieu of explosive for ex-
Perimental purposes. It can be seen that both head and hollow shace are
coripletely deformed. A favorable explosive effect is therefore not to be

expected, and the bomb must be detonated befors such deformaetion .can take
place,

2. Reouirenerts of a Fuze for HollowCherge Bombsg.

In service against navel targets for which purpose the Hollow~cherge
bomb is Urincipally intended, the best results would be obtzined if the

borib were to DPenetrate the light plating covering the armor in a purely -"

mechenical action befors detenating, ~The striking veloaities'ére_ini
general, sufficient for this puvvose. WYhen the bomd finelly arrives at
the armored deck it must be instantly d=tonatcd before it can fall apart
or be deviated otherwise the effect of the Hollow-charge would be to
the side rather than against the armor plate, If the bomdb makes a dir-
ect hit on an armored turret or some similer target which it cannot pen-
etrate, the charge must detonate instantly withvut time delay, otherwise
the bomb will disintegrate, The fuze of a Hollow-charge bomb, there—
fore, rmst operate when the forcer caused by the striking of the bemb
have been expended. Such a fuze wmst continually méasure the velocity,
of the bomb as it strikes. The usual methods of measurement, for ex—
ample, by means of static pressure as used in aircreft, are out of the
question here because the bomb in striking or penctrating 2’ ships, deck
is not moving through undisturbed air., The velocity measurement must

be contzined within the body of the bomb-fuze. A device is therefore
desired vwhich geasures the increments of deceleration as the bomb pene-
trates individual decks and which integrates this over time, by means

of generating impulses.

In Figure 6 the velocities and decelerations of a bomd passing
through a ships deck are plotted grazphically. One should note the de-
celeration peaks which occur each time the bomb Menetrates & deck lay-
er, The time integral of such & deceleration is a representetion of
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FIGURE 6

Graph of velocities and deceleraticns of 2 bonmb passing through
e ships deck.
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FIGURE 8

Striking pin restrained by "dash-pot" action.
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YO Requirements of & Fuze for Hollow-Charge Bombs (Cont'd.) >
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[ et

. the loss of velocity sustained by the bomb as it passes through the St
t' decks., After passing throvgh one deck the bomb continues to the next n

with alnost unvarying velocity.

~ It is not absoluteiy necessary that the homd be detonated when the
velocity has become precisely zero. The energy, is a function of the
square of the velocitv  If the bomb still possesses 20% of its strik- N
ing velocity, the siriking force is already reduced to 4% of the orig- g
inal, A device mey be cvorvained within the fuze which is capable of ]
neasuring time and deceieration and can neasure by intergration the .
loss of velocity upon striking, It camot, howéver, measure the ab- iﬁi
) solute velocity (v) of the 1 mb, and therefore, elso not the absclute
& O value of thé loss of energy (n,(v12~v22) because the magnivade of the Q-
. 2 \:.
absolute velocity must be known in order to determine the encrgy. In S
any case, since the fuzes for hollow-cherge bombs must fire on gnergy v
loss, the fuze rust be made $o neasure "impulse loss', ey,

’

&

v
Ly

3., Velocity Sensitive Fuzes.

. l“r"' W~
A

F"‘

ol a"

.

»
>

8, Spring and oil damped fuzes.

¥l

Figures 7 and 8 show schematically two possidilities for the con.
struction of this type fuze. ¥Fig, 7 shows the usual tyve of spring-
restrained striking pinj Fig. 8 a striking-pin with oil demping instead
of a spring. Vhen the striking-pin moves forward the damping oil must
flow through small channels, thms creating a dbraking force which is
proportional to the velocity, .

oy
4.
P

¥
»

@ The motion of the striking-pin can be calculated if the curve of
deceleration versus time is known.* The end results are shown in Fig.
8 for a case where deceleration is constznt with time. The curves
11lustrate the drop .in veloecity, and the path of the striker in the
case of a striking deceleration of 4000g in 2 milliseconds.

R Y NN

It can be scen in Fig. 8 that the oil-derped striking-pin should
fulfill the requirements quite satisfactorily. Because of laminar fric-
tion in the little passages of the striking »in there results a braking
force vhich is proportional to the reslative velocity of the pin., This

* See Appendix for deriveticn of fornulas.
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Veolocity Sensitive Fuzes (a)(Cont'd,) -

braking force, after the initial starting transients are damped out,
remaing in balance with the forces of acceleration. This means that ”
the striking pin noves with a constant velocity reletive to the fuze -
housing; the effect of a constant deceleration., This relative velocity
of the striking-pin (V) is therefcre, if one neglects the starting tran-
sient phenomena, proportionel to the deceleration (b):

\
N “h
Y, ol S8 N
ii:x"':‘:.'l W=t =
".-',“:'1:_
?ig% The proportionality factor (£) has the dimensions of tinme. The
Eb"ﬂ following is therefore true of the path of the striking-pin in the fuze
. housings , : T
W X=/Wat=J¢bat "
e and because (£) has a constant magnitude the following holds true!
2 X =il v at
;i\i The movement of the striking~pin is therefore proportional to the accel-
J{B eration time integral and ealso propertional to the loss of veloclity on
N striking (V). In this calculation the starting transients have been
ﬁ?b neglected, In Fig, 8 these have, however, been considered and the curves R
N and formulas stated in therebn are nore accurate., The seécond considera- N .5
’ tion of solving for (X) is a gsource of error due to the starting phenom- RV
X ena, It is proporticnal t&f;z (in the accompany'ng formulas must come f:i;i.
t{{ before the integral sign when integrating), ; - ::Cu}
o ~

The magnitude of the gquantity (¢) must be vary small since the
striking velocity of bombs lie in the order of 200 m/sec.. generally
somewhat higher., The path travelled by the striking pin must remain ' -

‘ short, In the previously given example it was assumed to be & cn. For

: this value ({) must be equal to ©.15 milliseconds. It is obvious from
this that the errors introduced by starting transient vhenomena, which
are proportional to ((2) are not eapable of exerting eany great influence,
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The path ¢f the striking-pin, as Fig, 8 shows, is epvroxinmately
proportional to the loss of velocity., The pin does not reach full vel-
ocity at once, but lags somewhat. Moreover, when the retardation ceases
1t does not lose its velocity at once. Its velocity returns agymtotic-
elly to the value it had at the cessation of the strriing-transient phen~
omena., Practically speaking, this value is reached after a reletively

~15-

¥ o1
Y
D
=}
oo

- v 2 ¥ -
RS

RS -'_-.-_:_‘,::.-5."-;’-:_-.

.
LR R




CORFIDENTIAL

Velocity Sensitive Fuzes (a)(Cont'ad,)

short time. At the time of the following deceleration, the integration
in time cf the striking deceleration is therefore started from the pro-
per point.

It is evident, ther. that fuzes with oil-denmped travel in lieuw of
spring restraint fulfril th: requirenments of 2 velocity-sensitive fuze,
It is important however, ihat the value (£) be kept small, since then
only can the cirore in bLic fuze and nistakes due to the starting-trans-
ient phenomena be email.

Figures 7 and 8 snow only schematic designs of the fuzes. The ac-
tual fuges are much zare cnnolicated. s

Most German bomb fuzss are electricel fuzes., When the bomb is re-
leased a reservoir condonsev is cherged. During the dropping time & se-
cond Gondenser 6alled She firing condenser, is charged through a resis-
tor, so that the fuze is armed only after a certain interval follow'ng
release, The impact of the bomb closes & contact vhich discharges the
sandenser through the detonator, exvloding the bemd. This contact isg
norpally accomplished by a very weak spring., In place of this systenm
the velocity dependent fuze considered here employs an oil dash—-pot in
lieu of the spring system in order to obtain an impulse neasuring ele-
ment. This 0il cylinder has the task of closing the necessary contact
at the vroper instant. .

. .
The construction of this type fuze would be a very simvle matter
if the viscosity of all known damping flulds were not so devendent wopon
temperature. 4 temperature range from #2000 to -40°C rust be taken in-
to consideration with any munitions intended for dropping from aircraft.
There is no oil known which meintains the slightest degree of constancy
of viscosity within these emperature limits. The synthetic danping oil
developed by I.G. Farben (type 7 120) which has the best terpersture
characteristics, changes its viscosity by a fzctor of 1:30 in this range
end is therafore quite.unsuitable. A small temperature chenge of 10°C

Al will produce an error of 40 nilligeconds in the measurement of the vel-
o ocity at an impect velocity of EOOm/sec. 0il demping, therefore, seens
o to be out of the question unless a therrostatic control could be inclu~
e ded in the fuze.

Pt

"Q + Dven the use of a dashpot is to be regarded only as schematically

v T

id represented. Any type of damping which is provortional to velocity may
S be used.
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Velocity Sensitive Fuzes (a2){(Cont!d.)

The only ligquid which remains relatively unchanged in wiscosity
within this temmerature renge is mercury. This metal, although consid-

sred &s a Possibility, was found to have characteristics nrohibiting
its use.

It anpears, thercfore, that o suitable damping liquid is still to
be found for a fuze cf this type., 4n eddy-current breking effcet, how-

ever, as described in the following vpages, seems to fulfill the require-
ments nmuch mere satisfactorily.

b, Eddy current demping.

.

ks Bddy current damping is already in commbn use in electrical measur- uﬂyﬁ}
5{; ing instruments. As is shown in the upper left hand corner of Fig, 9, Y
£ & negnet will slow down a rotating aluminum dise which is brought into

f;i its field. Be -ean the vole pleces of 2 nagnet a piece of aluminum or -

_‘-*i'! covper sheeting is moved,

& force it set up which-is contrzry to the
direction cf mction, and this force is mrovortional to the velocity at

2
o

RS not-too~high velécities., This is explained by the fact thet currents
gﬁ are set wp by induetion in the meving conductor and Lhese currents are
,'N i

2x

in a direction towards the viewer if the notion of the plece ¢f metal
is in the cppesite directinn, ThHase curreats are schematically repre-
sented in Fig, 9. Circular ourrent naths are fermed, with the current

‘V‘EJ

= - returning outside »f the fisld (f the pole~pieces, Fron this a force
Eﬂ results only in the part of the nath lying within the mrgnetic field,
- The induced currents in the moving Dvart pessess a magnetic field of their
Qg own which tends tc wesken the original magnetic field. For this reason .. Al
EH the roving part is not hreked provortionally tc the velscity 2t high vel- . }2523
ocities, but somewhat less. ey
RS f-\‘.')- A
The daming effect can be imroved if several nagnets are so ar-— ’ ;:aﬁi‘
ranged that currents are induced in the return »ath as well as the orig~ *-ﬁxﬁs
inal magnetic field. With an arrangenent as illustrated at the right :'”'?
in Pig. 9 a noticeable darming force is obfained even from a free fall %:t:ﬁ
in the earth's gravitaticnal field, of an  order of 1 cr 2 en/sec. To {§53§
gein ontimun overaticn of this effect it is necessary that the strips D

of petael project. scmewhat outside the magnetic field in order to »rovide
return paths for the induced currents. The »~rtien of moterial nct in

the field however, is in excess since nc braking force results fron
this vart.

sl

Y

Y

=
<
P

X

This excess meterisl can.be drne away with by using a rotati~nally
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Velocity Sensitive Fuzes (b)(Cont'd,) )
symmetrical system such as is illustrated by the drawing tn the lower 2
left ccorner of Fig. 9. The part which it is desired to brake is a :,_{:
small aluminum collar which slides on a piece of steel tubing and which A
passes through changing magnetic fields as it moves. The eddy-currents o
follow the direction of the arrow in the collar., There are no addition~ L. :q

al parts required in the system, as the return currents pass through the AT
parts outside the pole-pieces. .

With such a system it is possible to achieve a stationary rate of
sinking dn the earth's gravitational field of less than 1 cm/sec. This
value is large compared to that attainable with the oil-damped cylinder.
The fuze, therefore, bzcomes relatively large. Moreover, the errors due
to starting transient phenomena are also comparatively large, bdut calcul-
ations and experiments show that they are within the tolerable limits.

Figure 10 shows a possible solution of the practicel form of such
an eddy-current fuze. Only the impulse measuring portion is represented.
The task of such a device is to close a contact at the proper instant.

The drawirg on the right in Fig, 10 shows a desigh which puts to
use permanent-magn~t rings much the same as those used in loudspeaker
construction, These rings are axially megnetized. The megnetic flux
is led via soft iron rings to the core, upon which a thin aluminum col-
lar slides. The collar must be held in the upper vosition dy a device
not showm in the drawing which releases the collar after the bémd is in
free-fall, Since the bomb falls practically without deceleration, the
collar remains in its unper nosition. Upon impact the collar slides
down and is braked by the eddy~curremts. %hen it has travelled its
whole path, the bomb velocity having bezen reduced to a fixed fraction
of its striking velocity, it closes a contact which detonates the bomb.

Pig, 10, at the left, shows a method of construction using radi-
ally magnetized rings. By this method the fuzeé can be built much small-
er. The mode of constructioh shown on the right is used for striking
velocities of 100 m/sec., and that on the left is used for striking vel-
ocities of 200 m/sec.

Figure 11 shows the test results obtained with the fuze shown at
the right in Figure 10,. These experiments were carried out in such a
manner that the aluminum collar moved with friction against the core
and could ¢nly be disnlaced by heavy inndets. It was thus possible to

2]
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Velocity Sensitiye Fuzes (b)(Cont'd,)

‘ neasure the displacenent of the collar before and after the firing tri-
als. In order to carry out many tests «ith the samc equipment, the
tests were conducted at relatively low velocities. In Figure 11, the
inpact velocity is represented as a function of the displacement of the
alupinum collar, The crosses show the results of the firing tests.

As can be seen, the relation between impacét velocity and displacenent

of thé collar is satisfactorily proportional, and the scattering is
fairly small. - ’

The figures in Figure 11 represent a check by dropoing tests from
a low height. The results of such tests indicate very 1little scatter—
ing. .. WO
Vith the aid of such drovping tests it was possible to deternmine
how much the megnetism was reduced by the shock of impact, The lower
curve shows, dropping tests from low heights before the firing tests,
and the upper curve the results after approximately thirty firing tests.

It may be seen that the magnetism is not evpreciably reduced by impact
shock, . | ’

The Eddy-Current fuze, therefore, satisfies, insofar as nay be de-
ternined from these triels, the requirements for a bomdb fuze dependent
on velocity., Tests at higher vélocities, however, have yet to be car-
ried out., PFurther development should show whether or not the dlsadvan
taeges of this fuze in regard to its weight and size may be reduced.

¢, TFurther possibilities for 2 speed dependent fuze.
. T ’ -

1. Use of soft lead or-other plastic material as a danping Lo
nedium: |, . . ;

Figure 12 shoﬁs further vonsidbilities of speed-dependent

fuzes, They concern provosals made by Prof, ﬁrwin Madelung, Frank-
furt—am-ltain,

The drawing at the upper lefti of Figure 12 shows a device
which uses soft lead or other plastic materidl as & substitute
for the highly terperature~sensitive oil in the 5il cylinder, and
is characterized by small dimensions and simple construction,
-0 Trials have shown that this apovaratus does not measure the speed

S loss, but the square of the speed loss, Such a device neasures
\‘:\
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Velocity Sensitive Fuzes .(c)(Cont'd,). .

widely different nmagnitudes; whether the speed loss hapvmens all at
once as with impact of a thick deck, or cng after the other in
several increments as with penetraticn of several thin decks.

The dewvice is therefcre not suit:dle ffr the desired purpcse.

2, Use cf mercury' capillary danpi'ng:'

A .
»
L

J

l;,.

x:} According to. calculations of Prof, Madelung, the penetra-

oo tica of mercury intc a censtricted cavillary is predcrtional to
the time integrsl over the delay (l‘ig. 12, lower left), This fact

._, k cen be utilized in a "mercury fuze" Wherely the mercury thread is

L% \ of a ccrresponding length to that of the imdulse change of the

Ny benb, Detonaticn is brought about by the threead of mercury naking

x contact with & lead in the capillary.. This fuze can also be held

to very snall dimensicns. The use cf nercury, hewever, is net

5 convenient, and the housing would be extrergly complicated.

"A

o

P

.-3, Vibraticn of a Tuning Ferk: a ’

e

A
FLALALN
. e

The third pr~v.sal cf Prof, Madelung rnploys & tuning fork,
vwhich is put in vibreticn shertly tefere imvact of the bomb., This
fork holds, by nesns of clams, (Fig, 12, upper right) a thin steel
wire (£all brdy), which is fized beforehand and gives the fork its

. frequency '"n', corresponding tr #n" tines during & small unit of T
time <) tg, During this prccess the deceleratinn of the bomb causes -'-j:

a relative movement /¢ 4 0f the-wifre with respect + to the fork.

As the ferrmlas in Fig, 12 show, the sum of these movements O g is
£ approximately equal in reletion to the time integral of the impact
" retardation, This relaticn becomes nore sccurate as the frequency
of the tuning is increased. )

LI I} \‘
!

LI
LI I A Bl e D]
O AT
f

e o )

s

{ Figure 13 shows an ‘electriczal solution to the Hroblem of —:;
i measuring -time impulse changes. 4s with the norm2l electric fuze

ot systems, one condesnser is given an electric charge which, through ARRO)
;'3'_' a resister chnrges a second condemser wh.ile the bomb is falling. o
»‘:.::' As soon as ‘the second condesnser or "firing ccndenser" reaches a

,, definite potential the fuze is armed. With this nropcsed speed- N

b~ dependent fuze the unloading batween the two condensers is mot e
"‘? accooplished fast but rather emnloys a row of resistences that are T
o switched in by acceleratirn-sensitive ccntacts. The greeter the AR
oy deceleraticn, the more contacts close, the smaller is the resist- .-
EE‘.': :.P‘f'. t
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7% -25- -

- @ s
N N
3 4/0712 o
E"'-( 0,'-,‘-
:._;; e
E T e T i v Teivae . vavs wev i ¥ - e bt z X = e
b R T e B RSSO




- — T T T XTI e g gb e 2O o ALK N NS R Rl g e b Q]
a T G AT R G T Hrh T TR SN SNLES L LI ACI A IR A ST ATl et el U AR I R SR S RN SR g S SE
‘iv"\“\‘ -“-«i".ﬁi((.t\‘%v‘:\' .“,‘q_‘-".'. Lt "- [ :( -~ _} _“ N - .‘- _'l. e e e e N e e N R .. N

B T Rl R S S

. - ~
oy - . :
.

l

Velocity Sensitive Fuzes (c)(Cont'd,)

ance between the two condensers, and the quicker the firing conden-
ser is charged., V'hen deceleration ceases, the contacts must at .
once re-oven. With smooth working of these acceleration-sensitive '
N coentacts, the potential in the firing condenser climbs corresnend-
ing to the spe=d reduction of the bomb on impact. If the bemb has
igg lost alneost all of its speed, the voténtial of the firing conden-
ser has reached the value at which a tube passes current through
an ignition squid and detonates the bomb. The conbtructicn of the
. acceleration—-gensitive contacts for this fuge caused many diffi-~
culties. It is already known from torgue-acceleration measuring
devices that it is difficult to achigve springs cnlibrated to ac-
celerations such as these. A further difficulty arose in ‘that the
springs broke upon ccntact. In order to aveid this, the following Fe
execution was propnsed., The actual mezsuring spring which is cal- EeS
ibrated to a certain deceleraticn is provided with a hole at the
contact place, A very thin spring lies on top of the mezsuring.
spring, This thin spring has nc stiffnees, and therefore follows .
the movements of the measuring spring. The neasuring spring can

S swing by the contact freely while the tin contact spring lies on ,5£
N the centact $in and closes the circuit. 'hen the s»ring jumps -
N back, the contact spring follows, N
l“‘v PP

The diagran at right in Figure 13 shows the execution of
such a fuze: The condenser tubes and resistors are housed in the
casing, The contact terninals are visible in the side of the cas— {
ing. Contact eprings are all consecutively stamved from one piece. -
The spring seat, in the diagrem, lies in front.

The results of experinents with the devices spown in Fig~ _
qu ures 12 and 13 were not, at this stage of the developnent, entire- ?:?{
o) ly satisfactory, . ‘-
2 ' ~
?§3 4, Controlled Deformation of the Bomb Nose. ¢
:J! Should a hollow charge bomb strike 2n extremely resistant target
§31 such as a gun turret, it must detcnate instantly bdefeore it is broken
3{3 up by the force of impact. The available time fer firing is extremely
3}% short, and a fuze dependent on speed connot fulfill this function. The :
E: bomt ncse ney be completely crushed while the after part continues on RN
N through the plate with praectically uninterrupted sneed. Vhen the fuze ot
& devendent on the speed is heused, as it probably is in nost cases, in A
g:A the after part of the benb, 1t is affected by the loss of impact energy }?}:}
b AN
:;f R
N ~26~
el - NG
- 13 o
F- ‘ [l / Qrz -.. -. "
o . : A
o '
-:’.",},
Eﬁ o
= o A P lWﬂf.!_?__“:" A4 - - = - - e - - Ead - _: - . _
SO Al me) - \_‘:.:,-_?:..“'.-:::-:—:S-.-:-;—.Fj'i::‘f‘: !:‘B:‘:':':f”_‘:"‘._ﬂ’..- __“"_: ..w.:‘-;




Yy 3

P ES

¥ »

o
DRy T Tor WO

o

Sevhaule

»

]
1

|3
S i

r::-

XX
K ‘.""i
s e

T
v

YT
Xt

SRR YPEALACR T ok o GO St N OO SR AL A A AR AN
w - L. o . . ~ .- ¢ =" a® . - DR . -~ - - . - - -

CONFIDENTIAL

S

N

| Sususul s TR RS

ATTULLLLRLLRVRRBILL NS L RWS

‘
’
g
/
s
7
/
'
s
7
’
’
/
7
/
7
9
/

FIGURE 14

Hollov—charge bomb heads with deformaticn indentations.
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PIGURE 15
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Effect of impact on defcrmaticn indentations,
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Cohtrdlleq Defcrmation of the Bemb Nese (Cont'd,)

too late.

a Wfracture! fuze has the job of determining when the vhysical se—
curity of the bomb cernstructlen is eandangered. The impact decéleraticn
alone can not be set as a standard, Ths Yenb can survive nigh, but
short ,percussions without danger, Leonger lasting decelerat® ns ¢f less
nagnitude, however, may lead %o breaking w» 'of the bomb., The fracture
fuzes presently emvwliyed by tae Lufitwalffe arce not activated by the mage
nitude of the deceleraticn z2lone, buy also take account of the duraticn
of the retardation, 1If a Jracture fuse is given tec great a margin of
safety it nmay heppen that the bomd deionates too early, or detcnates
when it is not necessary, If the safety mergin is too narrow, the dan-
ger arises that the bomb is deforned 4o 2 degree that thedeteonation, if
ri;~ it dees finally occur, will be c¢f litile or no conseguence. This is ¢r
be especially feared in hollow-charge whese open neose is not ecual in

4

:;:§ strength te that of the ncrmal bomb. Exverizents have vroven, hewever,
{1{f . that hollow-charge heads are ordinasrily able t¢ nenetrate thin steel
SN plates withcut being excessively deformed, <The cbject that a hellow—

.
2
ats

charge bonb should penetrate mechanically the thin plates over the arm—
or does not fail because nf the strength of the bomd body.

Figure 14 shewye hollow charge bomd heads with deformation indenta- \
ticens at the weakest points in the nose stend-off viece. 4s illustrated
in the following figures, 15 and 16, these indentatirns cen withstznd
considersble shock., Caly when the tip has feolded over cemmletely, as

) in Figure 16, does tac bomb body itself begin to deform. The time con- .

o 53?K sumed by this deformation is relatively long compared with the inherent ;
§R§ AT fuze delay, and thus nmekes possible proper detonation of the bonb., =&
A further »ossibility is to actuate the "frzcture' fuze by vercussion rods

- 4 . )
Q;b extending back frem the indentations, The bemb is then detrnated when
T the indentations have been almcst completely crllansed, EBxperiments
e have proven these metheds quite satisfactcry.
- .

)

;?' 6. Conclvaions.
i"‘-A 1

! s oaas .
E,=; The ignition of a hollow-charge bomb nust follow:
9 1. Vhen the initial velocity of the bomb has been exnended to the ——
Vg proper degrec. The necessary speed-dependent fuze has been Q:}:
P described extensively. hC)
{'-:‘v “n“‘-\

] oS
E‘:.r‘z N

4 AR
i,c,::. {
2 @, -30~ P 9 [ 7 =
hEN o
N 4 / ( 1 ok
A:.fi ." “.\
oA AJADIA
o

e Lk
AN
e 4
- @ - - - e,

%% ) ." T -‘K“?“;‘. . .‘;‘73“"- . . '.,_ . -

R AR OR OO EEA AN Y e
W N T " NN




o A I et L& ails ek S ach 34\Lr.‘:¥,;‘\?.‘i._"3_7.:
e - — — - ~— gl ot A% e A Ak v LSRRG TN TR NSRRI AT R
N BRI e ONC O RC e e PO HE A OO ME A CE RSN RSN SAN CCCREERRIEAE SR CATARSIAR M S ) .
- - - - PR R - - - » - - B

N P

é’ Y i
’%J/@K’ b ot
D ~!f<§( S

Ely

Lo
AR S RY N

" » LIME
L
.

.

\C#
LN

Conclusions, (Cont'd,)

\l . -
e 2. ‘hen the structure of the bomb itself is threatened. The -
4 Yfracture" fuzes now in use are gquite suitable. The operaticn

iB of this tynme fuze moy be facilitated by the above described

\{ constructional meesures.

3, after the termination of a certain delay period, This may be
accomplished by known tide delsy fuzes,

NOTE: *No further information on the development of this. type bomb, or
on the provosed fuzing system to bde employed in it has been discovered
by this mission, The Hollow-Cherge Bomb was never used onerationally.

Prepared by: R

H, 4. CHAMBERLIN

Lieut. (Jjg) USNR.
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6. ‘appendix, &%’

Derivation of the formulas in Pigures 7 and 8 for the fuzes checked "-::}.
by springs and those checked by damping systems: R
a) The Spring Fuze. o —_i

If the spring resistance value c works on the svring fuze 6f the
body n, which at the befinning of the nhomb delay finds itself relative
to a bomb at rest (X, = X‘o = 0), in the sense that the inherent timer .
constant of the fuze?s small time interval Oz tz t , the éonstant de—'g‘ Oy
celeration b, then it can be said that the following formuls is amli~s R
cadble to the fovement of the firing »in relative to the bemb!

Sy - Lo
"y e ! Delay of fuze
¥ housing,
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tw zat
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: B L« . 1/e
A2 sin" 2 t for 05 % < ¢ ;%X¥nm
x= - W
0 @- T z\ tw . .
A2 sin 2 sin -,Q(t—tx) for t = t 3
W
o which results in a simple integration of the movement eguation,
“':“T‘ 1 -
- 2. m,X + CX - I b

::::: as is known, the general integral in the prescribed standards is:

5 3. 5

%’f-: v

{3 X1/ b@) sinw (t-1%)4dt.

.i:',' A ‘j;

}j{: with smaller values of o, t (% & t,,) the results of (1,) give the de~
;{{-; velopment of the approash formula:
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Appendix (Cont'd.) AL ‘\\5&25‘ v
Y

b) The Puze Checked by Oil Danping,

equeticn: ' Cooue R
0
5. X & X = p*

4

The first iutegral is : &
b - :
6. Teyx =[ bdt=v . . -
.g. ’; i “ - L
Yhen we shew the V time intervel (QF) resulting frem the loss of speed
of the bomb, Integra2lly in general it follows :hat:

b (%) & %,

7. X= €V (1) ~fe g f’z

[N

(&3] (G

<
Therefore for b = constant. .

» L
B, XZfV-£? p(1~el), (0%t% 1,
* The eruation is, of course,.cnly good whea the l2zy mass of the oil
as cpoesed to the lagy niass of the »isten may bte reduced, and when the
ecnpressibility of the ril as well as its temperature veriations hes no
greet influence on the Drocess,

ae

Since the demping of the¢ speed is pro-orticnal, we have z2s novenent
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