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Steel Projectiles far the defeat of Armour at large Angles of Attack.
Investigations relating to Headshape and Penetrative Cap.

H.F, Hills, A.K. McCracken

Summery

Ultra high speed photography has been used for investigating the
mechanism of penetration by model 6 pr, A.P.C. steel shot of varying
headsghape scaled to 20 mm, calibre, and used in 45 degree attack
against 18; mm, homogeneous armour of specification IT80.

Two types of shot failure, dependent on headshape, result from
early or late break up of the nose of the shot, With 0,7 c.r.,h. and
0,57 cor.h, the break up of the no.e takes place at a later stage than
that of the more pointed shape 1,0 c.r.h.. Not one of the eight rounds
of each type passed through the plate whole., Two shot of 0,57 c.r.he
were recovered whole, one of which had lodged in the plate whilst the
other had displaced a large plug and rebounded, When the steel AP,
cap on this design of shot was replaced by one of heavy alloy, penetra-
tion whole was recorded at S,Vs, of 2453 and 2799 ft/ sec,

The photographs reveal that the rate of turn 25 microseconds
after impact is about 200,000 degrees per second, and at 55 micro-
seconds it may be 600,000 degrees or more per second, The commencement
of bulging at the back of the plate measured from the time of jmpact
by the shot is recorded as between 17 and 19 microseconds. For plastic
deformation to occur in 17 microseconds in a plate 18—12- em, thick the
rate mist be 3570 £t/sec, The recorded S,V. of the shot was 2452 ft/sec,
An attempt has been made to measure the farces acting on the shot over
the first 50 or 60 microseconds from the time of impact, befare it was
thought breakage had taken place,
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A.R.E, Researc: Programe 3P1E
1. Introduction

A.R,E. Report No.19/50(1) deseribes the results of a firing trial
which was carried out against machineable armour plate inclined at
angles which varied between 30 and 60 degrecs from the vertical, and
of such thickness that at each angle it was near the perforation limit
of the shot. 6 pr. steecl cappcd shot with different hcadshapes were
used, and the authors concluded that given the above conditions an
ogive with a pointed tip is inferior to onc on which the point is
cither removed or supprecsscd,

2. Object of the Investigation

To study morc closcly the behaviour of thesc capped shot during
ponctration, by firing stccl 20 mm. calibre scalcd modcls of the 6 pr.
A.P.C, shot against machincablc armour at 45 degrec ? }‘rom the vertical,
and to obtain by the usc of high specd photography,\® obscrvat% ns of
the subscquent motions and break up of thusc projectiles and their
immediate cffcets upon the target plate.

3. Scope of Invcstigations

Hcadshapes of three of the 6 pr. shot werc uscd in the model
form and to within rcasonablc limits the samc hardncss distribution
was obtained, Firings werc carricd out to obtain the approximate
critical vclocity for cach of the hoadshapes, and then four of the
type of shot which gave the lowst critical velocity were fitted
with Heavy Metal Alloy daps, in place of the hardcned steel ones, and
fired against the same plates.

4., Measurements of the liodecl 6 pr. A.P.C. Projcctiles

Identification DD IE DR
Headshape 1*0 c.r.h. 07 cor.h, 0057 c.r.h.’
Length of shot only 213" 2+ 06" 2+ 01"
Length of shot plus cap 20 38" 2+ 36" 20 35"
Distance from base to c.g.

capped
" " " %o c.g.
uncapped 106" 1e OO" 0 ogn
Moment of inertia about g 227°1 gm-an’ 244’2 gn-cm® 246°6 gm—-cn.-
transverse axis, uncapped) 5°39x 10~ Slb-of 57010 4’lb- 5-85% 10~ Ab-r £
Mass of shot capped 116+ 4 gm 121°0 g 1205 gn
" " " uncapped 1060 gm 110°6 gm 11C°0 gm

Throughout this report the identification letter will be used when
referring to a particular projcctile. Appendix I shows in outline,
details of the three model 6 pre shot which have been fired. The
external profilec of the completoc oxperimental shot with coap is
similar for all hcadshapes, the variation in thickncss through the
cap depending on the cere.h. and the radius at the tip. The cavity
at the rcar of the shot was in cach case filled with luting.

-l =
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Tre target plates were to specification I.T.80, and dimonsions
were 18"x 43"x 18% mm. Faces and backs of the plates werc very
carcfully ground so that the thickness did not vary, and surfacc scele
could not obscurc the photographs. Adequate coolant was applicd during
:;xa grinding operation so that the plate hardncss was not materially

feoted.

Mean hardness for DD attack was 305 B,H.N,
" " " TE and DF " 320 B.H.N.

6. Experimental proocdure

The lower end of the target plate was held in restraint by means
of a clamp which could rotatc through about 9C degrees of angle against
greet frictional foroes after o few milliseconds from impact. Multiple
spark photographs were taken of

a. the projectile during its peretration into the target,
b. target bulge, perforation or failure of the shot.

In addition to the sequences of high speed photographs, velocities were
obtained from three single spark photographs taken before impact so
that an accurate assessment could be made of the striking velocity.
Time intervals between successive picturcs werc obtained by recording
on & rotating drum camera light from the spark gaps (used as light
sources for photography), and from a fork controlled 1000 gycle spark.
Measurements obtained from the multiple spark photographs werc mede
from the reprojected image of the negotive contained on a scrcen sct
up along the line of fire., Adjustment of the negative position was
carricd out by bringing the reprojccted vertical and horizontal grid
lincs into coincidence with the fixed Rerspex grid, which covers the
ficld of the large lens.

7. Type of Photograph Cbtained

From the photographs information wos obtained about the following:—

a. The behaviour of the shot, nature of turning, or breakup
where these effects ocourred.

b. The origin, size, and distribution of fragments resulting
from impact.

. The effects on the plete as regards petalling, plugging, or
bending.

d. Shockwaves in air caused by impact, and the speed of the
disturbances to whioch these waves wvere due.

e. The approximate value of the farces involwed where curves
for displacement against time woere plotted.

With regord to (d) it should be mentioned that any intense waves
of this nature are recorded on the photographs owing to the Schlieren
effect and the long light path from target to oomera, and it is of
importanoe to remember that any vaves rccorded in this comparatively
insengitive loyout correspond vith violent originnting disturbanoces.



8. Results
Examination of the photographs showed:-

a. In some cases £ agments of target plate and shot are not
deflected from the front of the plate, and the bulge in the
back surfacc remains roughly symmetrical about the point of
iuwpact, with no appreciablec lengthening.

b. In other cascs a lip was formed on the front surlace of the
target plate which deflected the fragrents, and the bulge
increased in length.

c. A few microscconds after impact the cap broke and the shot
turncd about its transverse axis so that its Tasc moved away
from the normal to the plate.

d, Faint air waves at small rcgular intcervals which lie
approximatcly parallcl to the front and back surfacc of the
plate.

¢. Bulging of thc rcar surfacc of the plate toock place at an
carly stagce of the penctration proccss.

f. A few microscconds after impact a lheavy curved shodvave
appcarcd behind the target plate in most of the picturcs
and is associatcd with the bulge.

g. Nost of the plugs which were produccd hinged upvmrds, but

s s tntth.

in threc cascs clervage of the metal in vwhat would normally hove

been a plug took place, and the netal hinged in two picces.

8.1 Shot ID all broke, and in cight rounds out of ninc bulging

at the back of the plate was roughly symrctrical about a normals The
bulge produccd by the other round (260) ms much longer arl a hinged
plug wvas finally detachod.

Photographs show that metallic fragments wcre deflceted from the
front surface of the plate by ~ lip formed on this surface by round
280, and rounds 287 and 285 showd very slight lipping. WFo signs of
this cffect werc visible in picturcs of other rounds of the DD scrics.
Three rounds gave perforation.

8.2 Shot type IE all broke, and bulging at the back of cach plate

wos more drovm out. Fhotographs show quite clearly the fragments becing

deflceted from the front surfrec of the plete.
Four rounds out of scven in this scrics perforated the plate.

8.3 Shot type DF remcined whole in two rounds out of cijht. One
remained lodged under a hinged plug and the cother one after coming

to rest in the plate bounced out again. Scven of the rounds porforated

the target and round number 300 with o velocity of only 2250 ft. per
sccond gavc o ScOOp.
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Deflection of the particles oocurred at each round, and
bulging was again more drawn out than in the ID firings.

8.4 Shet type DPF fitted with heavy alloy caps in place of the
hardened steel oaps remained whole, Four rounds were fired through a
velooity range of 2386 to 2799 ft. per second. Deflection of the
particles took place at cach round and lengthening of the bulge was
again considerably greater than for the DD firings.
8.5 DD target platcs were damaged on their front surfaces for lengths
varying between 3°6 and 4°6 oms. oxoept in the casc of round 280 wherc
the damage oxtended to 5'6 cms,

DE damage varied between 5*1 and 5*8 cus. in longth,

DF damagc can be split into tvwo groups

51 - 56 oms.
4*1 - 4*6 cms.

DF fitted with heavy slloy caps varied betwecn 445 and 545 cms.

9. Discussion of Rosults

The high spccd photograph: show that when these A.P.C. shot attack
homo hard armour plate at an anglc of 45 dogrecs, the hard stecl cops
penetrate for only a very amall distance into the plate before thoy
break up or shatter. The asymmetrienl forecs acting on the cop at tho
time of impact must be primarily rcsponsiblc for this very carly break
up, and as the shot continucs forwerd it squcczes the fragments out
from the front of the target. Brondly speaking, we con say that in
oblique attack the stcel shot (A.P. or A.P.C.), if it rcmains whole
and penctration of the target is cffeeted, will pass through four well
defincd stages.

a. Impact and bresking of the cop if one is fitted.

b, Turning awny from the normal to the plate duc to the
unbalanced foroecs ancting on the nosc,.

¢, Turning towmrds the normn) when the back of the plate fails.
d. Fenetration.

T%we ogival shape of head of 14 or 1*0 ce.r.h. like DD tend to
ricochet off the surface of a target at angles of 45 degrees and
upwards. In sliding over the surface it scoops out metal on the
incident side whilst forming a bulge on the Xgverse side (unless the
target is too thick for bulging to occur). The semi-angle of the nuse-
is about 55 degrces and so the initial dig in by the nosc is hardly
suffici 1t to prevent its skidding down tho pla“cc. This pointed shape
was standard scrvicc design during World ‘er II, but in general it was
only cxpcoted to attack at angles up to 30 degrees,and for this purposc
it was very cfficicnt.

It is now knovm that perforation of a plate is usually achicved
by ome of the following mochanisms or by a coabination of the two:-

(1) the forwards and sidcways displacemcnt mechanisi.
(1i) punching or shcaring icchanism.
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Sharp nosed projectiles such as type ID are more effective at
angles of attack up to 30 degrees wiere /3 (Plate thickness/diameter
of shot) is greater than 1, and the plate is sufficiently ductile to
allow the waterial to be pushcd aside to form front and rear petals.
At 45 degrees attack therc is greater difficulty in pushing aside plate
material on that side of the hcad remote from the normal, duc to the
larger contact arca with the platc, and this is associatcd with a
greater turning moment on the shot and greater unbalanccd compressive
force, Ferforation is thus morc likely to be accompanicd by plugging
than by petalling.

Blunt noscd projectiles arc morc cffcetive in attack at 45 degroes
against homo hard platc when “/d is roughly 1 or bilow, zs this shape is
more cfflClvnt for punching and shcaring. It was found 2) that
against 3" armour (B.H.N. 240 approx.) at 60 degrec attad:, a flat
headcd shot (ivc. right circular cylinder) would perforate with a lower
critical vclocity than cither of the other hcadshapes which werce £3..d,
their order of merit being as under,

Calibre Headshape Critical Vel. ft/scc
20 mm. Flat head 1500

" 0*5 c.r.h, 1941

" scalcd dovm 525" AP, shell 2076

" " " 15" " 2230

" 1*4 corih, 2537

9.1 Appendix III iliustrates the normal modc of penctration for 45
degree attack against I T.80 plate with a /d ratio of about 1, ncar
the critical wvclocity.

The diagram: :liow

(&) Nosc penctration decp cnough %o overcone the tendency to
ricochet off the surfacc of the platc. Bulging of the
back surtacc is well cstablished and the shot has not
turned avmy from the linc of fire,

(t) Forward veclocity combincd vath the rapid turning of the
shot about its transwersc axis has resultcd in further
perctration but in a dovmimrds dircction. A lip which
has been formed gives some radial support to the lower
side of the nosc and this prevents any further tendencgy
of the sghot to leave the plate when the basc strikes.
Bulging has incrcascd both in length and depthe

(¢) Rapid yiclding of the metal at the lower cnd of the
bulge has rcverscd the couple acting on the nosc, and
the basc has turncd in a dircction townrds the normal
of the plate, In turning, the body of thc shot has
levered the lip dovmwnrdse

(8) Purther yielding of the metal in the bulge bas coused
the lower cnd to shear first and thus form o hinged
plug. The sudden relense of pressurce on the upper part
of the nosc has couscd the base to giring round with a
greater acecleration, The 1lip has becone detached firom
the plate ~nd the body hes struck the cdge of the hole
with such intensity thot breakage of the shot usually
[o]a]eiPh of - 19
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(e) The projectile is now in position for final penetration,
with plug detached and lip falling clear.

Round 280, which broke in its later stages of pemetiration, had
an ogival headshape but the photographs show that it behaved in a very
similar menner to the hemispherical nosed shot (Flate 2).

In 30 degree attack by blunt nosecd projectiles with a t/d ratio
of about 1, punching is more straight forward because the tendengy to
ricochet is less, and thecreforc the armour absorbs a greatcr proportion
of the shot energy.

9.2 All the indications show that the DD type of shot brecak at tho

nose (with the exception of round No.280) at a very carly stage after
impact, Multiple spark photographs showing an attack against 18% nme. ,
I.T.80 armour at 45 degrees by a type DD shot can be scen in FPlate 1,

This round No, 281 only suuvcceded in meking a deep jmpression on
the face of the platc and a bulge at the back. Tiny picces of the shot
nose became cmbedded in the impression, and this condition vas typical
of the other ID failurcs with the above exception.

Flatc 1
Round No, 281 2400 f't/sec Non-perforation ID
Frame No,10 Picturc No.l t = 0 microseconds

Shot with slight initial yaw just making contact with the target
plate. (A white loop which appcars at the back of the plate in each
photograph is caused by a mark on a shcet of Ferspex which protects the
field lens, and should be disrcgardcd).

Frame No, 11 Picturc No.2 t = 26 microscconds

The cap is probably broken at this stage. A very slight bulge
can bc seen on the back surfacc of the platecs The nosc of the shot is
beginning to rotatc dovmwards about its transversc axis duc to the
force being exerted..n the forward cnd of the shot. Break-up of the
cop on the incident side of the platc lcads to the reflecction on this
side of fast moving fragments which arc distributed uniformly about the
region of impact.

Frame No, 12 Picturc No,3 t = 34 microscconds

Bulging hes increascd in depth and the base of the shot has
turncd still morc towmrds tlx plate,

Frame No.13 Picturc No.4 t = 4S microgcconds

Further turning of the shot obstructs the moverent of debris in
an upwards dircction and the bulge has increased slightly in dopth. As
there is still no deflcction of the fragments away from the face of
the platc, the nose must be breoking. %;zth shot rcmaining wholc it
would have incrcascd the length of the bulge by penctrating down the
plate, while o lip of metal would have been raisecd which in turn would
have impedcd the flow of fragments down the plate).




Fromg No,14 Pioturc No,5 t = 80 nicroscconds

With furthor disintegration of the nosc, the base of the shot has
moved forvmrd and hag become lost in the dobris. The bulge hes not
becore gignificnntly decper ond is still approximntely symmetricol.
llony morc fragments arc vigible. The curved line imvwdiately cbove
the bulge is couscd by perticles from a chalk nark on the back of the
plate being set in viclent @@ tion, A wmve cnn be scen above the bulge
and elthough prescnt in the two carlicr picturcs sms too faint for
good reproduction.

Other faint vaves vhich do not appear in these reproduced picturcs
arc of intercst. At the instant of irpact a compression vave is
started in the stecl target ond on its crrivel nt the rear surface it
is reflccted as a tension wowve. These alternntions between the front
and rear surfaces toke place cvery 3°7 ricroscconds in o plate 18-’2- m.
thick, and they continuc for scveral nicroscconds beforc finally being
danped cute At cach reflection, an air weve is scent out, and these
waves con be scen on sone of the original photographs looking like a
serics of equally spaced parallel lincs at the rcar of the plate.

The first wove is propagated in the air 3*7 microseconds after
impact and this is followed by others at regular intervals of 7+4
nicroscconds. Sore of these intervels have beon iwcasured and further
confirmation ws obtained by measuring the tine intervals between waves
sent out from a 44 m. plate. The pressure arplitude is small in air
and the vave velocity is only a little above the vclocity of sound in
air, In steel the arplitude +will of coursc bc very considerable and
nay well be o strong contributory couse of carly cop or nose shatter,

Frooe No, 25 Picturc No.6 t = 921 microscconds

The plate is now beginning to move agninst the friction of the
clarp, and larger pieccs of shot con be scen noving dovmvards ond avay
fron the front surfacc. The bulge is still roughly syimetrical in
shape and has not apprecicbly incrcased in size. There is slight
permanent bending of the plato.

In contrast 4o this sequcnce of picturcs shoving carly breolap of
the nosc of type DD shet, the next onc shous the offcets of later

breakup of round No,280 vhich, although a DD shot, bchoved so differently

to the rest. Sce Flatc 2.

{The 1nrkings in the background were caused by a proevious round
which domaged sore protcctive sheets of Ferspex in front of the ficld

lcns).

FLATE 2
Round No, 280 2534 ft/sce Terforation Shot type ID
Franc No. 10 Picturc No.l t = 0 nicroscconds

Shot vith slight initial upvwards yaw is just noking contact with
the target plate.

v
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Frame No.1l Pioture No,2 t = 34 mjoroseconds

The cap is probably broken and the fragments are being deflected
sli Lely away from the plate and downwards. Only a small amount of
material is going upwards. Bulging of the plate is well advanced and
the base of the shot is being rotated towards the plate and awsy from

the normal.
Freme No.12 Pioture No.3 = 42 microseconds

Bulging has progressed and further turning of thc shot can be seen,
A lip is forming on the front surface of the plate which is already
preventing fragments from moving down the plate.

Frame No.13 Pioture No.4 t = 60 microscconds

The shape of the bulge now ceases to be symmetrical about the point
of impact. It is lengthening and becoming deeper. The shot has turned
still further and the base is almost touching the plate. Deflcotion of
the particles away from the plate continues and it can be secn how the
lip has been levercd round by the body of the shot as it procceds into

the target.
Frame No.14 Picture No.5 t = 91 microscconds

Further yiclding of the metal in the bulge relieves the forcee which
has been acting on the top of the nosc, and another force acting on
the under gide of the nose is turning the body of the shot towards the
normal of the plate. This accounts for the continucd hinging round of
the lip which can be secn, and also the change in the fragment pattorn
along and above the line of fire,

Framc No, 18 Picture No,6 t = 131 microscconds

Shearing of the metal in the bulge is now complete and a plug is
being hinged back. This sudden :-.lease of pressurc on the top of the
nose must now further accclerate the turning of thc shot towards the
normal if penetration is to succced. Pragments of metal can be scen
escaping from below the hinged plug.

Frame No,22 Piocture No.7 + = 176 microscconds

Further turning of the shot has broken the lip. The shot has also
broken up and picees of the nose can be seen escaping under the plug.
Fieces of the body can also be secen crmerging from the front of the plate.

Frame No, 25 Picturc No,3 t = 909 microuscconds

Ferforation is complete. The pluvg which is now detached from the
plate can be seen neoar the top left hand side of the picture, while
picces of broken shot may be scen crerging roughly at normal to the
back of the plate. Larger picces of shot can be scen in front of the
plate.

The recovercd plug provides further cvidence that this shot
renained whole up to tho time that the couple on the nose was reversed.
A clean smooth outlince of the nosc from the shoulder to the tip has
been impressed in the netal. Had the nosc broken at an carly stage
the plug would have boen deeply scorcd by the fragrents.




Plates 3 and 2A

The upper rows of photographs show front and rear damege to the
target plate for rounds 279, 280, 2304 and 285, and tho lower onos
marked 4, B, and C show the threc plugs prcduocd. The plug from
round 279 ig marked A and shows cxtcnsive scoring by the broken nose.
C shows equally bad scoring whercas B (round 2€0) shows a smooth
indent of the nose from shoulder to tip, Round 234 did not produce
perferation but scoring can be clcarly scen ingide the scoop, The
next scerics of picturcs also illustratc the mechanism of perforation
when carly breakup cf the nosc occurs.

Flatc 4
Round No, 285 2769 ft/sce Ferforation by DD
Fr o No.3 Picture No,1 t = O microscconds

Shot with no initial yaw is about to malic contact with the
target.

Frame No. 4 Ticturc No.2

ct

i

13 microscconds

Impact has taken place., Cap is being broken.

Frame No, S FPicture Wo.3d t = 29 microscconds

Turning of the shot is almost irperceptiblc. Bulging is just
comiencing. Debris is undeflected and tlere is approximately the same
amount of material moving up or dowm the platc.

Frame No,6 Picturc No. 4 t = 54 microscconds

Basc of thce shot is now obscurcd by fragments which arc being
reflected by the target face. The bulge and fragrents arc roughly
symmctrical about a normal to the plate which is characteristic of
carly nosc brecokup.

Turning of the shot in the carly stages by such a small amount
vould be cccounted for if 1he nosc broke before a turning moment could
be fully appliecd,

Frore No.1ll Picture No.S t = 116 nmicroscconds

No lip has formed to deflcct the fragments. The shot follows
the nose frogrents bchind the rapidly shearing retal in the bulge.
(Particles of chalk arc agnin present about the bulge).

o 1108 25 .. Eicturc No.6 t = 266 nicroscconds

Ferforation is corplcete nnd the target is bending. Larger
picces of shot can now be sccn noving cwny from the front of the
plate. The deepest part of the bulge has failed and two hinged picces
have becore detached from the platc.

Frame No. 24 Picturc No.7 t = 440 nicroscconds

The two separated piccos cnn now be nore clearly scen. The
plate is beginning to move awey fromn the gune
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Frame Nc.25 Picture No,8 t = 1022 mioroseconds

This ias the last picture in the series taken after a longer
interval of time than the others., Movement of the plate has
continued.

9,3 The four IE type rounds which perforated the plate were 286,
287, 291 and 292 and out of the sequence of 25 pictures which were
taken of each round, four selections have been made to illustrate the
close similarity betveen them at each stage of perforation (Plates 5
and 6), It will be scen that all the plugs hinge upwards, and
although the shot is broken in every casc when it emerges from the
hole, the area of nose which has becn in immediatc contact with the
plug suffers less damage than the uné.rside of the nose.

The plugs produced by these four rounds have smooth imprints of
the shot nose, indicating that the part which was in contact with the
yielding metal of the plate must have broken at a late stuge of
penctration. Deflcctions of the particles by lip formation on the
front of the target platc, together with the rapid lengthening of the
bulge gives added proof. The shot, by rcmoaining whole thoughout the
period when it turned avay from normal to strike the plate near its
driving band, would survive very scvere bending stresscs duc to the
forces acting on tlc nosc and from impact of +the basc on the plate.
Later, as it pushed deeper dovm into the platc, more radial. support
would bc obtained to furnish some temporary rclief to the nose.

When the bulge metal fails the turning moment is roversed and support
to the nosc is transferred from the top (the arca vhich was in

contact with the bulge) to the undersidc of the nosc. In this
position a violent reversal of thc rotation of the shet or further
considerable danr:oc of the plate would be ncecssary to allow the
forwvard motion of the shot to continuc., The forces thus brought into
play may break thec nose of the shot alrcody hizhly stressed by tension.
The body which may also be brokcn, usually rcbounds from the front of
the plate, if it does not continue through the hole,

Flates 7 and 8 illustratc the similarities of the remoining three
rounds of the LE shot which produced scoops in the platc only (288,
289, 290)., Turning of the shot from normal, lipping, and lengthening
of the bulge, are all characteristics ¢ o shot which does not break
up in its carly stage of perforation. Pivees of shot nose, when they
were recovered, were foirly large in size and therefcre damage must
have been less scvere thon that surtoined by the ID shot,

Target domage, plugs, and rccovered picces of DE shot arc shown
on Flates 9 and 9A.

9.4 DF type shot (hcadshape clmost hemispherical) perforated tho
plate with « slightly lower critical velocity than types DD and DE
although it is intercsting to note that so far 3 this trial no
shot has passed through the plate and remaincd whole, Two DF rounds
although they did not pass through the plate, gave perforation and
remained vhole., They werc Round No. 294, wid.ch displnecd a fairly
large plug and then bounced tack from the front of the plate, and
Round No, 296, which lodzcd under a hinged pluge Their vclocitics
werc 2394 and 2418 ft/scc respectively. Incrensing the velocity, the
next four rounds brokc at 2441, 2445, 2452 and 2576 ft/scc.
Photographs indicate thot these shot remain vwhole during the carly
penetration process although three of the rounds (295, 297, 299)
differ from the othors in the scrics by finally shearing the metal
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in the bulge at about the mid position of what would normelly be a
plug, and forcing one piece to hinge upwards and the other pieoce
downwards, This effect is possible when the nose of the shot splits
axially, and onc of the broken pieccs moves forward slightly in
advance of the others, duc to its being squeczed out of position.
Lengthening of the bulge is likely to be more restricted, and in
place of decp shearing vhich happens in the casc of plugging,
cxcessive local stretohing vwill occur and this will continue until
cleavage takes placc, when the broken shot, in order to continue in a
forward direcction, must forcc opcn the scparated surfaces and cmerge
through the opening provided, .

The above threc rounds succceded in perforating the plate by a
combination of first punching, and later when broken, pushing sside the
material in the wey that the pointed shot bchaved (Plate 4).

The length of demage to the front aurfacc of the plate ves
similar in the two cases - 3*C cms, = 4°6 oms, for ID and 4°1 ~ 4*6
for DF. Morc domage was sustained by the plate for round 285
because of the higher velocity.

Flate 10 illustrates round 295 and is typicol of the other two rounds
' (297, 299).

Flate 11 shows the normal process of plate perforation with this type
; of shot, '

Plates 12 & 12A show DF plate damnge and picces of rccovered shot.

Appendix I summarises the firings in graphical form, The results
are very similar to thosc shown in A.R.E. Report 19/50 and when the
scale and hardness factors arc ~llowcd for, agrecment is within 200
ft/scc.

9,5 The four DF rounds which werc fitted with heavy alloy caps in
place of the hardened stecl ones, verc fired at wvelocitics ranging
from 2386 to 2799 ft/sec, and they were all recovercd wholes

Two peretrated the plate and two perforated by plugging (322 and
323 perctrated).

Flate 13 shows 325 which perforated the plate.

. Round No. 325 2386 ft/sce Perforation Shot type DF
- (H.A.C.)
Frame No.7 Picturc No.l + = O microscconds

The shot is turning about its transwerse axis, cop freagments are
being slightly deflected, and a vell defined bulge wave can be seen
developing.

(Damage to the plate causcd by two carlier tricls explains the
irregular outline sbove and below the position where the present
attack is teking place).

Frame No, 8 Ficturc No,2 t = 28 microscconds

Purther turning of the shot is accapanicd by lengthening and
decpening of the bulge. Cap fiagrnents arc being deflected a little
mere,

H -1l -
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Frame No, 9 Picture No, 3 t = 59 niarossconds

Lipping is more pronounced and yielding of the metal in the bulge
is repidly taking placc.

Prame No,10 Picturc No.4 t = 104 nicroscconds

Shearing at the lower end of the bulge can now be observed, The
outline of the plug and the position at which hinging will occcur, ocan
be seen. Further enlargement of the lip and its continucd hinging i:
a clockwise direction indicates that the shot body must be lovering it
round as the nose follows the upward hinging of the plug.

Frame No,1ll Picturc No.5 t = 160 migroseconds
The front cdge of the plug is now almost clear of the plate and
fine metallic particles can be scen crerging. Hinging of the lip is

still procecding.

Frarc No.15 Picturc No.6 t = 243 nicroscconds

The retal on which the plug was hinging has fractured, and the plug
is now free to move out from the plate. The fracturc can bc scen as a
very faint crack. Continued hinging has broken the lip awmy from the
plate, and the perticles arc now falling ir towards the plate.

Frare No.23 Picture No,7 t = 386 nmicroscconds

With the plug now clear of the plate the round nose of the shot can
be seen at is moximum penetrotion. A large piece of the lip cean te
seen rear the bottom of the picture wherc it has fallen awey from the
plate.

Frame 1o, 17 Picture No,8 t = 523 microseconds

Further separation between the plug and the plate shows only very
fine particles escaping from the hole, and as the shot nose is no
longer visible it must now be moving out of the plate in the reverse
direction, by clastic forces. As no large piceces of cap material
have emerged from the hole this is a further proof that the cap breaks
up in the very carly stage of perforation and is squeczed out from the
front of the plate. Without further firings there is not sufficient
evidence to show how this heavy oliuy coap so completely protects the
shot from breokage.

It will be scen in general that the mechanism of penetration has
not been altercds There is the turning of tihc shot awy from normal,
penctration down the plate, long dravn out bulge decpening at the end,
hinging of the plug, and lipping on the front of the plate,

With the exception of Round 323, the length of frontal damage to
the plate wns consistent with the DE and DF rounds which reirincd
whole for a long timc and did not break axiallye. In the co ¢ of
Round 323 the plate wr.s considerably overmatched vith a vclocity of
2799 ft/sce. Target damage, plugs and shot arc shovm on Plates 14
and 144,

9.6 Time at which bulging is first cbscrved

Examination of Framc 7, round No.205 (Platc 15) shows impact
about to takc place, With a ctriking welocity of 245%Z fcet per
second, impact occurrcd 1 microsccond later than the tire rccorded
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for this photograph. In Frame 9 of this soquonce, commencement of
the bulge can Just be obscrved and as the recorded time interval
tetwoen the two frames is 18 miaroscconds, the actual time betwoen
impact and the first appcarance of the bulge must te 17 microscoonds.

Similarly it can be shown hy Framcs 10 and 12 of round No, 294
(Platc 15) that the time interval between impact and the first
appearance of the bulge must be 19 microscconds.

Thesc two cxamples have been chosen to illustrate the very
rapid rate at vhich the plate material is deforred, becnuse it does
not happen very frequently that two photographs in o sequence show
in ore case the shot just meking, or about to make, contact with the
plate and another one showing the very first indicntion of bulging.
While it is simple to compute the tire of arrival of the shot at the
plate from its striking velocity, the tire at which bulging first
becomes visible cannot be accurately determincd. Table 1 vill
therefore only sccord approximnte tine intervals for these other
rounds, with the exception of round 282 where carly bulging can be
seen,

Table 1
Round No. Prame Nos,. Time interval Remarks
in nicroscconds

278 22 to 23 22

279 15" 21 19

281 10" 11 26

282 7" 9 17

284 6" 8 22 Bulging well
advanced

288 4" 6 24

292 2" 4 27 " "

293 4" 5 24 Before irpact
on No, 4

If we toke the casc quoted in the first oxarple (295) then
plastic defornation ruast have taken placc at a rate of 3570 ft/sce
although the striking vclocity of the shot was only 2452 ft/sec and
for round 294 it imst have been at the rate of 3194 ft/scc for o
striking velocity of 2394 ft/scc.

9.7 Bulge Wave

In an carlicr part of this rerort reference was nade to a wawve
which appears in the photographs and vhich is undoubtedly associated
with the bulge in the plate.

It is considered that the bulge acting like a piston moves
forward with high acccleration in the very carly part of its travel,
but quickly attains a uniforn vclocity lasting for 200 or more
microseconds. The wave sct up by this single impulsc is casily
distinguishable from the waves sent out by the clastic reflections
from the plate as it is curved in shape whercas the latter appear
as a munber of cqually spaced lines running approximatcly parallel
to the faces of the plate, The bulge vave has o greater arplitude
and in saxc cases can be seen travelling across the full diaeter of
the ficld lens.
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The suallest obscrved time intorval betweon irpaot and the firast
eppearanoe of the wave is 29 mioroscoonds and in this tine four
refleoted wavee will have ercrged from tho back of the plate, but as
their velooity is less than that of the bulge wave thoy arc soon left
behind and further decay in .splitude lcads to fade out,

Appcndicecs IV, V and VI illustratc graphically

a. Time at which shot rcached the plate (282, 287, 295)
b. Spacc timc curve of the bulge wave (" " "y
¢. Spacc timc curve of the bulge growth ( - 287, 295)

The straight linc rcprescnting bulge incrcasc would suggest that this
incrcasc tokes place with a uniforn: velocity, but the picturcs show
that the wave is not secn clesc in to the plate when 1t first appoars,
and this suggests that in its very carly stage tho bulge rmetal is
being very rapidly accclerated, and until a uniforn velocity is rcached
the wave cannot begin to farn.

Plastic deformntion in the plate rmst comence vithin the first
few microseconds of irpact since the shot wvith a velocity of 2400
ft/sec would take 25 nieroseconds to traversc a distance of 1°85 cns
(plate thickncss) whereas bulging is observed 17 ricroscecnds after
irpact.

9,8 Turning of thc shot cbout its tr-asversc axis

A Pewiidceroscconds ~fter Lipact the base of the shot moves about
its transversc axis, awy from the noraal to the plate, vhile the nose
is of course being deflected dovmwar s by the unbalanced foreces acting
upon it.

The photographs have revealed that the rate of turn 25 microseconds
after impact is about 20C,000 degrees per second and at 55 microseconds
it may be 600,000 degrees per sccond or morc. All these types of shot
have very similar ratcs of turn but the DD type do not turn as far awey
from the normal (cxocpt for Round 280, the onc which broke so much
later than the othors in this serics) which would be expeceted if the
nose brokc carly. The turning moment would bc removed when breakage
oceurred, until the solid part of the body or nosc again made contact
with the platc, and then duc to its changed hcadshape the force
distribution would be altercd. A jagged fracturc at the forward cnd
of the projectile would lcad to further brcakage and the turning moment
might never become fimly cstablished in that direction again.

9.9 Forccs acting on a ghot

An attempt has been madc to measure the retardation of the centre
of gravity, and the angular acccleration about the contre of gravity
of a shot during oblique attack of axrmour platc. Appendix VII shows
the angle of turning of thc shot about its transversc axis, plotted
against time. Appendicos IX, X, XI arc space timc curves showing the
displacoment of the c.ge (Retardation of the cege) The valucs obtained
arc neccssarily very approximate owing to the very small distanccs and
times involved, but they give some measure of the farces experienced
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by the shot dt ng its attack., The foroes are represented in
Appendix VIII‘® where Fy; and Fy; are the horizontal and vertical
resolutes of the resultant Jorce F. MNeasurements, against time, were
taken of the moment along the line of fire of the centre of gravity
of the shot, and of the angular rotation of the shot about its centre
of gravity. It waes not possiblc to measure the vertical displacement
of the centre of gravity caused by Fy because the distanoes involved
over the same period of time were cven smller than in the case of Fy.
Also, Fy cannot be determined indircctly for although the resultent
moment of Fy and Fy about the centre of gravity can be found from the
angular acceleration of thc shot, the forccs themsclves oannot be
found without knowing the point of application of their resultant F.

It is possible to sct a lower limit for the forcc Fy during the
very early stages of penctration by the fact that at this stage its
moment is in the opposite sensc to that of Pge This condition moy not
obtain aftcr a very fow microscconds when the shot could be in an
advanced state of ricochet, both forces having o moment in the same
sense about the centre of gravity.

This is unlikcly to happen at 45 degrecs and fairly high
velocities, if the shot remains whole, although it did happen in some
cases to the DD shot which made shallow impressions and whosc nosc
broke carly during the attack., Morcover, although at the precisc
instant of impact at 45 degrees Fy = Fy, whatcver the headshape of the
shot a preccisc valuc connot be stated of Py at this instant, but only a
constant mean value over the interval of obscrvation.

A knowledge of the constants of o shot together vith its wvelocity
at any time, gives valucs of the shot's rotational and translational
energy &nd thercefore of the rate of werking of the shot against the
plate over this intcrval.

Ict 2¢ = acecleration of the centre of gravity along the line
of fire (c <o)
2 { = angular acceleration of the shot (N> o)

m = mass of shot

I

moment of incrtia of the shot about its transverse axis

Vg = striking velocity of shot

Then Fg = 2 me
Mean rote of working over intervel t = 2 me (Vg + ct)
Moment of Fy and 'Fv about the centre of gravity = 2 I
Mean rotational rate of working owr con interval t = 2 xztI
Translational cnergy at time t =5 (Vg + 2c17)2
Rotational cnergy at time t = 21‘421:2
Total cnergy at timc % =l§ (Vg + 2<:'1:)2
Total mcan rate of working over intcrval t = 2me (Vs + ct) + 2\‘211:
Figures arc given for the nbove quantitics cxeespt for the total
energy and the total rrte of working, these being almost the some as

the translational encrgy and the translationcl ratc of working over
the intcrval considered (60 microscconds).
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The aocceleration 2¢ was obteined as follows.

The law of motiog of the centre of gravity of the shot was taken
tobe S = a + bt + ot

Equations obtained from the observations were solved for o by the
method of least squares. '

The form of observation equation implies an assumption of constant
retardation, whereas it is almost certainly a function of distance
(time), but the nature of the observutions docs not justify the
introduction of a term in t' into the equation.

The value of the striking vclocity obtained in the normal manner
wag not used in the equation in place of b, owing to the danger of small
zero errors grecatly affecting the value of c dbtained., The interval
of the measurements is sbout 60 microscconds, and the mean rate of
working is quoted for this time.

Similarly, from the measurements of time znd angle, the angular
acceleration was obtained from observation equations of the type:-

e =a+pt + {12

In this case there is a maximum of © for some value of +>60
microseconds, for the shot reverses its rotation until its deflection
is about normal to the pla“s in the case of penctration., A4s the
inflexion in the curve docs not occur carly within the period of our
observations, a quadratic can be fitted with rcasonable accuragy for
the first fifty or sixty micaroscconds.

The turning moments measured arc of the order of 2 tons-wh,-ft.
and the forces Fyg are of the order of 50 tons-wt. These values will not
be reached immediately on impact but will be cpproached rapidly, and
excecded as the contact arca of the plote and shot inercascs. The
rotational cnergy of the shot is scen to be very small generally
comparcd with its translationsl cnergy. The figurc quoted for the
rotational crecrgy at 60 migroscconds will certoinly be too large, owing
to the lack of a tcrm in tY in the obscrvation cquation. It is probably
truc to say that at thicknesscs of about 1 enlibre or morc, wherc a
condition of ricochet followed by a condition of topple is the normal
pattern of penectration at angle, the cnergy of rotation at no stage
exceeds 10% of the cnergy of tronslation of the shot in the essential
stage of the penetration., When plugging occurs the shot may swing back
with a high proportion of the total cnergy, but by this time the
essentinl part of the penetration has taken place. Therefore, although
the turning of shot is a discdvantage in angle attack, it is not for
the reason usuclly stnted, particularly at high angles of attack. The
division of cnergy between the degrees of frecdom duc to shot rotation
is of less importance than the loss of dircction of the nose of the
shot. For shot of length about 5 cms. it is reasoncble fo suppose that
the centre of prezssure on the nosc has a lever of about ~/15 ft. about
the centre of gravity during the carly stages of penctration giving us
Fy 230 tons-wt. very approxinately. The rate of working of the shot
against the platc along the line of firc is about 2 x 108 ft-lbs. per
second, and if our estimate of Fy is_rcasnnablc the rate of viorking
ogainst this force is between 1 x 10° and 2 x 108 ft-1bs. por sccond.

Ignoring the small cnergy of rotation it is scen that the

initial pover of the shot is of the order of thrcc-quexrtcrs of a
million horsc-power.
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by the shot dtu'j.ng its attack. The farces are represented in
Appendix VIII'*/ where Fy and By are the horizontal and vertical
resolutes of the resultant Jorce F. Measurements, against time, were
taken of the moment along the linc of fire of the centre of gre.v:ty
of the shot, and of the angular rotation of the shot about its centre
of gravity. It was not possible to measure the vortical displacement
of the centre of gravity caused by Fy because the distanoces involwed
over the same period of time werc cven smller than in the case of .
Also, Fy cannot be determined indircctly for although the resultant
moment of Fy and Fy about the centre of gravity can be found from the
angular acceleration of the shot, the forces themsclves cannot be
found without knowing the point of cpplication of their rcsultant F.

It is possible to sct a lower limit for the forec Fy during the
very early stages of penctration by the fact that at this stage its
moment is in the opposite sensc to that of ¥Fy. This condition mgy not
obtain aftcr a very few microscconds when the shot could be in an
advonced state of ricochet, both forces having o moment in the same
sensc about thce centrc of grav:Lty.

This is unlikcly to happen at 45 degrees and fairly high
velocities, if the shot rcemains vwhole, although it did happen in some
cases to the DD shot which mnde shallow impressions ond whosc nose
brokc carly during the attack. Morcover, although at the precisc
instant of impact at 45 degrees Fy = Fy, whatever the headshape of the
shot a precise valuc connot be stated of Fy at this instont, but only a
constant mean valuc over the interval of obscrvation,

A knowlcdge of the constants of a shot together with its vclocity
at any time, gives valucs of the shot's rotational and translational
cnergy cnd thercforc of the rate of working of the shot against the
plate over this intcrval.

Iet 20 = acceleration of the centre of gravity olong the line

of fire (c <o)
2 { = angulor acceleration of the shot (N> o)
m = mass of shot
I = moment of inertia of the shot about its transverse axis
Vg = striking velocity of shot

Then Py = 2 me

Mean rate of working over intcrvel t = 2 mc (Vg + ct)

Moment of Fyy and Fy cbout the centre of gravity =2 L«

Mean rotational ratc cf working over an interval t© = 2 xztI

Translational cnergy at timo t =3 (Vg + 2ct) 2

Rotational cnergy ot time t = 2TVt

2

Total cnergy at time t =% (Vg + 20t)

Total mecan rate of working over interval t = 2me (Vs + ct) + 2\\ It

Figures arc given for the above quantitics uxoept for the total
energy and the total rote of working, these being almost the same os

the translational cnergy and the translational ratc of werking over
the interval corsidered (60 microscconds).
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The rcsults obtained by this method arce too coarse to permit the
performance of the diffcrent shot to be analysed in tormes of them, but
this coarseness is partly due to the naturc of the shot themsclwes.
With such a shoart shot the centre of gravity has vory little distance
to travel before the whole shot is largely cbscured by dcbris from the
plate and armour picrcing caps A longer shot would extend the range
of obscrvations with o resulting inoreasc in accuracy. Moreover, the
basc of the shot prescents an aspeet to the carera from sore angles
causing an gpparent slight cnlargement of the shot in some positions.
This enlargement can bec up to 0°03 cus. and cllovance has to be nade
for it. i

The drawing out of thec base of the shot due to the finite
duration of the spark adds to the difficulty of pinpointing the centre
of gravity. The rcmoval or minirising of the last rentioned cffccts
would increase the value of a determination of Fy and render feasible
a dircet measurcrent of Py, for the latter depends far more than the
forrer for its accuracy on a precise deterrination of the centre of
gravity.,

For if © = angular deflection of the shot
z = distance of the choscn point from the truc centre of

gravity along the axis of the shot, it can be showm
that the resulting horizontal and vertiecal errors for
the position of the centre of gravity are respectively

Eg = z sin Q/z /gué-(-"i:é;;—ég

Y%
By = 2 tan @

the latter error boiné always larger then the former. For exwple,
if z = 01 oy, © = 10
then Eg = + 0015 ans

By

1

* 0176 cns

Assoclated with the rcaction R on the nosc of the sh.t are four other
stresses of intcrest viz., the bending moment §, the csicaring stress S,
the tensile stress T, and the forec F in the planc of the target which
together with R deteridines the prccegsional otion of the centre of
gravity of the shot,

By considering a rod under a force at one cnd (2) it is shown
that thce bending naent and shearing force at o distance z from the
reaction are

2
Q=Rsin8z (1~ iz: ) Wrere L = length of rod
R 4z o R = reaction on nosc
S = Zsin @ (1 + Sg ) )@ = inclination of
K T L ) reaction to shot axis

A = cross acctional arca.
The former has a maxizmm 4 RL sin @ at z =L
27 3

and the latter a naxirun R sin © at z = 2L
3 3
Typical valuecs for thcsc three shot would bhe

0 nax = 3 ton~wt-ft

S nax = 20 tons wt/squarce inch

1
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Appendix VIII (b) illustrates that T at any point cen be found as
follows

let G he the centre of gravity of AD
1 #

" B " " i " AC
" AD L
" AC =z

m = mass per unit length of rod
" 9(t) = angular velocity of the shot

Consider the acceleration of the poirt B alorég Aé,
For the whole rodi- 2 = R cos & + (L -2z) &
mL 2

For the portion AC:- 2 = R cos 6 - T
Lz

«'« T (2) =R cos - z (R cos © +mL'02)+m2252
L 2 ) 2

=a-iz.+bLz+bzzsay,
L

so that for a given & we have a statiocnary value determined by

z=_a +L
2 .
Since T =20>0and _a o for lirge @ we have
z 2L

a mininum of T ot 2°=% L
9

Then T min = R cos © = Kocos2® = mLo8? <T (L)
2 2L4né- 8 2

Typical values for the shot

R = 50 tons-wt.

L = 2"

n = 1°5 1bs/ft.

5 = 5000 radians/scec.
cos @ = 08

give the order of T nin as -40 tons - wt. approxinately, the ninus

sign indicating a state of tension. The ~ross scction of the shot

is C*49 squarc inches so the iaxirnia tensile stress for the angular
velocity is about 80 tons - wt./sg. inch,

at the noment of inpact or asdimu angular deflection, when
the angular velocity of the shot is ucro, the stress distribution
in it will be as shown in Appendix VIII(c).

As tho shot rotates, a tcnsile stress ioves from the basc
tovards the nose (its nagnitude and velocity depending upon the
angular vclocity of tie shot), the naxiiam of the vave tending te
the position z = L for high angular wclocitics (Appendix VIIId)

2
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then receding again to the base as the shot slows down.

At any time there is an unstressed .sction of the shot and the
point marked P moves along the shot in a manner similer to the
tensile stress.

If T(F) = O we have P = 2R cog @
' L wo“

For large é, P->0 50 that apart from impact wave reflections a large
part of the shot is always under tension during the essential stages
of peretration., Taking tne typicel values of the shot as shovm above
£ = 0*9 cm spproximately i,c. in the rcgion betwecn the nose and the
shoulder of the shot. Supcrimposcd upon the stresses is the clastic
wave due to impact which takes approximately 10 microseconds to
travcl onc shot longth.

The nosc can rcflecet as a frcece cnd or partially free cend a
tonsion wave from the base, but owing to the high velocity of the wave
comparcd with that of the nosc it vould reflecet a compression wave
from the basc as a fixed cnd.

Thus all wave rcflections from the nosc arc in compression and
o1l reflections from the basc arc in tension. Thercfore just before
20 microscconds af'ter impect there is 'interfercnce! of the two
stresses at the nose, and just after 20 microscconds after impact
there is a »uinforcecment of compression waves., This reinforcement
will take place every 20 microscconds, the magnitude of the irpact
corponent diminishing with suoccessiwve reflcctions.

The foree F, in the planc of the target ariscs from the
consideration of the shot as a gyroscope. At a velocity of 2500 ft/scc
the spin velocity of the shot is about 9000 radians/sec, and any
force applicd to the nose in the vertical plance and vith a morent
about the centre of gravity will causc the shot to precess about the
exis of the foree and the centre of gravity. This preccession is in a
clockvise direction looking along the linc of fire from the gjun.

On striking the tar_ct, however, thc nosc of the shot is prevented
from wandering over the face of the platc duc to the indentation made
by the nose on impact, and the force F couscs the centre of gravity
of the shot to precess, still ir a clockwisc dircction.

10, Conclusions

The general conclusions agrec with those published in A.R,.I.
Report 19/50 and arc as follows:-

at 45° anglc of attack, an ogive with a pointed tip such as DD,
gives o poorer pemetrative performance than types DE and DF in vhich
the points have been suppressed, the reasons being that with the
latter types .

(a) plate perforation tokes place ot a slightly lower velocity.

(b) bresk up of the shot takes place at a later stage of the
perforation process.

Greater protection ogrinst nose breakage is obbained by using
heavy alloy cops in place of the normnl hardencd steel oncs of the
same thickncss, when fitted to the DF fype of shot,




SECRET

Shot which hove been corefully sealod down from 6 pre to 20 run

calibre give results which nre in very good agrgcmn'b *«:rith the full
scale trials when the appropriate senle factor is applicd.

11.

Recomendetions

The following furthcer vork is proposcd:-

11,1 A more corplete investigation of the blunt noscd ‘type
of shot, without a cap, for “/g ratios approxinmately
cqual to 1, kecping the angle of attack constent.

11,2 Longer shot could be uscd in order to observe the progross
of the centre of gravity over an inerecasced period of time,
and also to obtain morc inforrntion about the turning of
the shot in the later stages of prenctretion when it swings
back towards the normel of the platc. The longer shot
would also turn morc slovily,

11.3 By fitting hecavy clloy caps of varying shapes and
thicknesses o condition ey be found vhich will give the
mexinun protection to the nose against breckage, and a
mininun turning of the shot acway from nomal.

11.4 A new type of spark rack cnd corera is being designed
which will roduce to a minirmm, trouble caused by aspect
of the basc of the shot at certain angles, and a new
spark gop vith o point source and r):duoca spark duration
(described in AJRLE. lero, 21/52')("5 will be incorporated.
This new leyout +will cnoblc 1ore ncourate :ccsurcrents
to be made, and so lead to an increased veluc of the
determination of the forccs ~cting on the nosc of the shot,
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13,

Fhotographs

Reproduction of sclecotions from soe of the scts of
photographs illustrate this report.

The Multiple Spark' photographs arc silhoucttes of what is

ocourring in front of a lens of 20 inches diarrter,

Each photograph of onc sct of twenty five is taken fron a
slightly different viewpoint.

" In these photographs the plates eppear thicker than they
should do., 4s the plates arc four and a half inches wide, o
lens position slightly out of the plane of the plate will, by
perspective, cause the plate to appear greater than its rcal
thickness. :

t

The gun is laid so that the line of flight of the
projectile before impact is horizontal.
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appendix XIT

Sumuary of Mring Results
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