
UNCLASSIFIED

AD NUMBER
AD104294

CLASSIFICATION CHANGES

TO: unclassified

FROM: restricted

LIMITATION CHANGES

TO:
Approved for public release, distribution
unlimited

FROM:

Distribution: Further dissemination only
as directed by British Embassy, 3100
Massachusetts Avenue, NW, Washington, DC
20008. Document partially illegible, MAY
1956, or higher DoD authority.

AUTHORITY
DSTL, DEFE 15/904, 28 Jul 2008; DSTL, DEFE
15/904, 28 Jul 2008

THIS PAGE IS UNCLASSIFIED



UNCLASSIFIED

AD NUMBER

AD104294

CLASSIFICATION CHANGES

TO

restricted

FROM

confidential

AUTHORITY

RARDE Reclassification List No. 36, dtd 17
Aug 1970

THIS PAGE IS UNCLASSIFIED



UNCLASSIFIED

AD NUMBER

AD104294

CLASSIFICATION CHANGES

TO

confidential

FROM

secret

AUTHORITY

RARDE List dtd 31 Mar 1966

THIS PAGE IS UNCLASSIFIED



0

0\





AjRDE (P) 1" '.~,

3-inch Anl4ibmunlne Rookeit

MO, 28pcrt of' imo~ttIon trials agmawat reWemtativo Urps*'

A,GJ4 &m'I' (Pe5)

Full results are given and discussed of all known tials fired against
lan t~rgts representing a submu-ine and using the 3-inch (3.25 inh outsd

* diameter)frocoke! rith various solid heads, The use of' these results to assess
the performan-ce of .4&her, rockets is also. discussed.

Approved fcar issue:

D.,H.Mmaddock, Principal &qi-mrintndant nm Divisioun.

IU X RestHected

m-



pap~

introductionI

Dmmelopm3nt of the 3-inoh interim.i anti-submarine roolot I

Further trials with the tyeD (Fig.3) head 2

Trials withi double-cone hea4s, Figs, 4. and 5 2

Rftwrks on the performnce of the type D (1'ig-3) head 3

Possible lines of iqwrovement5

Anpendioes, 6

Appendix A. List of plate penetrtion trials fired, also references 7

Appendix Bo Particulars of rockets, targets and methods of recording 9

AppencUx 0. Technicoal details of less general interest 12

Tables

Diagams



IM4PORTANIMn

This document should be'returned to the Reports 0GF

Establishment Fort Holstead, Sevenoaks. Kent, if retention becomes nolerMew-A.

No* I Dro~

2 Dequi~r Dirottv

3 P/
4P/

5 UAPO
6 SRO

7 S/P-5
8 8/B. 5

9 P-5 (Att. COUMancer A.G.14 8=w1 PS)

10 RO& Ede

11 OheSo.
12 DIR
13 QR)

14CS
15-16 D Airz kvm.
17 - (Att. Naval Adviser)
18 DEAW
19-20 sea. Ce
21 SAB
22 SMPeaftne

23-24, C3NO
25 D.AR
26 Lw,
27
28 E
29 DKO
30DR
31 MPR
32 DTAMW
33 DUW
34 Supt, ARM, Owes Dmrton~
35 Supt. ARL. TO&LiMnton

36-37 TL- for retenti.on



No* 38 WAB (Att. Mr'. J.W.Gibsou)
39-41 - Navy Staff for SZ0(G)

42 Camuda - Dept. Nat. Def.
43-46 - Det* Res. Liaison
47 - Nat. Res. Ccancil

48-65 US - Joint Reading ?apel
66 -Asit. Seo. of Def. far Res, and Dove

Stook

67-82

X



CONFP [1T7AL
DURODUCTION

I. This paper gives an account of all known penetration trials fired in
connection with the developuent of solid-headed rockets designed to be
launched from aircraft for the attack of submarines lying on the surface
or submerged to schnorkel depth. The results of trials previously
reported are repeated here for completeness and so that overall oonclu-
sions can be drawn: the bulk of the paper however relates to trials not
yet reported.

2. All trials were fired with the so-called "3-inch" rocket motor body
fitted with a variety of alternative solid heads and filled with whatever
propellant charges were necessary to give striking speeds at the target
representative of the striking speeds which would be obtained on the
submarine after various lengths of underwater travel. All motors and
heads were 3.25 inches outside diameter. The ocmplete rocket was guided
along a runway during acceleration, but was in free flight with the
propellant all burnt on striking the target; this consisted of a plate or
plates rigidly held in a target frame and capa_ble of being set at any
required angle to the direction of motion of the rocket at strike.

DEVELORENT OF THE 3-INCH IMERIM AMI-SMARINE

3. The wartime head fitted to the "3-inch" anti-submarine rocket was a
25 lb. solid ogival S.A.P. shot which scored some successes but gave an
unreliable underwater trajectory. In October 1949, a requirement was
placed for an improved rocket for the attack of submarines on the surface
or submerged to schnorkel depth. Three different heads were tried: types
B and C (see Figs. I and 2), which were of the double-cone type designed
to give an upturning underwater trajectory, and type D (Fig. 3) which
gave a straight underwater trajectory. These trials were fired in 1950/51
against a target consisting of a single plate 1-inch thick of "D"
quality steel and were reported in Ordnance Board Proceedings Q6,765 and
Q6,917; the results of the penetration trials (but not the underwater
trajectory trials) are repeated in Table I of this paper. The trials
showed that the underwater trajectory of rockets fitted with Type D heads
was more reliable than that of those fitted with Types B and C, moreover
the plate penetrating qualities of Type D were found to be better at high
angles of attack. At a striking speed on the target plate of about
600 ft/sec., the Type D head consistently passed through the target plate,
or made a lethal hole in it, when attacking at an angle of 59 degs.,
whereas both the Types B and C heads failed at 59 degs. but made a lethal
hole when striking at 52 degs. A lethal hole is defined as one of 2-inches
diameter or of an equivalent area, and the angle of attack or strike is
the angle between the axis of the rocket and the normal to the target plate
at the point of strike. In the 1951 trial, fired with a striking speed
of over 1,000 ft/sec., rockets with Type D heads did lethal damage to the
target plate when striking at angles up to 64 degs. to the normal, but
there were failures at 60 and 64 degs. and above. This was of interest,
because successes had been obtained with the same head against the same
target at an angle of 59 degs. and a striking speed as low as 507 ft/sec.
It was concluded that a "limiting" or "skid off" angle existed above
which consistent success was impossible even if the speed of strike was
greatly increased; the graph Fig. 6 shows this very clearly, and the
matter is discussed in para. 20.

4. As a result of these trials, the 3-inch rocket fitted with the Type
D (Fig. 3) solid A.P. head was recommended for Service as an interim
measure pending the solution of a longer term requirement. This 3.25
inch outside diameter rocket is now in service and is called the "3-irch
Interim A/S Rocket".
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5. During production heads for Service difficul-
ties were experienced iwithin the design hardness tolerances
which control the heatt et "and plate penetrating qualities of the
head. A further trial was therefore carried out in April, 1953 in which
24. heads were fired: some of these heads were within the hardness
tolerances then allowed, and scme were outside. There was no significant
difference between the plate penetrating performance of heads inside amd
outside the tolerances; these were therefore extended to the values shown
in Fig. 3 which therefore includes the hardness figures for all the heads
fired; heads of this type fired in all the later trials reported in this
paper were made to the same extended hardness tolerances. This head was
also fired against the new double target described below, and the 'reults
are therefore included with those of the later trials in Table 2 and in
the graphs (see Fig. 7).

6. The 1-inch "D" quality steel plate used in the 1950/51 trials was
found to be brittle in cold weather and was not representative of the
construction of modern subnarine. The April 1953 trial just desoribed and
all subsequent trials were therefore fired against a double target consist-
ing of two plates held parallel to each other and two feet apart but still
capable of being set so that both were at any required angle to the path of
the attacking rocket. The front or first plate struck in this target was
3 feet square of mild steel *-inch thick representing "the superstruoture of
a submarine: the rear or second plate struck was 4 ft. x 3 ft. of "S"
quality steel 1-inch thick and represented the pressure hull; both plates
were flat.

7. A further difficulty in production was that of obtaining the STA-14(A)
quality steel which was specified and had been used for the heads fired- in
all the trials. This steel was eventually obtained, but it was decided
al-o to fire some heads made of STA-10 steel which was in better supply.
The heads fired were exactly as shown in Fig. 3 and the heat treatment was
in better supply. The heads fired were exactly as shown in Fig. 3 and
the heat treatment was arranged to give the same hardness tolerances; the
results obtained at this trial, which was fired in October and December
1954., were given in Table 3 and in the graph Fig. 8. Whereas heads made
of the original steel did lethal damage to the 1-inch rear plate of the
double target at a striking speed of 1000 to 1100 ft/sec, and up to an
angle of attack of 66i degs.o, the head in the alternative steel failed in
one case on strikinz at 1058 ft/sec. and 61 degs. It is recommended that
this alternative steel (STA-iO) should not be used unless a large iumber
of additional heads made of it are fired ard give as good results as those
made of STA-i4A which, in view of this failure, does not appear very
likely.

FMM~P1E TRIALS WMJ~ THE_ TYPE D (FIG. 3)- HEOD

8. The Interim rocket fitted with the above head made of STA-14A steel
was fired against the double-plate target representing a submarine in the
April 1953 and October and December 1954 trials as a "Yardstick" for
comparison with the other heads fired in these trials and also to get all
possible information about the performance of the interim rocket itself
at all speeds and angles of strike against this target. These trials were
arrawged in Ordnance Board Proceedings Q7,,275 and Q7,658 and the results,
most of which have not been reported before, are all given in Table 2 of
this paper and in the graph Fig. 7. Much useful information was obtained
and is discussed later in this paper.

TRIALS WITH DONE HEADS FIGS. 4 AND 5

9. In September, 1950, Staff Requirement 0R1099 was stated for a high
performance air-to-ground and anti-submarine rocket; this is the "long-
term" requirement which has been the subjeot of mathematical analysis in
A.R.D.E. and also of certain trials. The relevant penetration trials
are those with the double-cone heads shown in Figs. 4 and 5.
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10. When the anti-submarine analysis was started, it was thought
possible that a rocket with an upturning underwater trajectory would be
recommended. It had, in this oauntry, been usual to obtain such a
trajectory with some type of double-cone head, and certain of these
heads - the Types B and C of the 1950 trials - had been shown to be
inferior to the type D head when fired against a single-plate target. It
was not known however how the double-cone head would function against a
representative double-plate target nor whether its perfo=mance in compari-
son with the Type D would be affected by using a finer angle to the front
cone; it was therefore decided to fire a number of the heads shown in
Fig. 4 in a comparative trial with the type D (Fig. 3); these trials
were also arranged in O.B. Procs. Q7,275 and Q7,658.

11. It was decided to fire, at the same time, capped heads as shown in
Fig. 5. Three different cap materials were tried: hardened steel, mild
steel, and cast steeL all the caps were intended to remain in place during
the underwater run - thus giving the required upturning trajectory - and
the caps were therefore made very strong to resist the water entry shock.
It was hoped that, on striking the target, the hardened and mild steel
caps might assist penetration and that the cast steel cap would break
away and leave what would then be a Type D head.

12. The results of all these firings with double-cone heads are ;ven
in Table 4 and in the graphs Fig. 9 (solid double cone), Fig. 10 (F-rd
Cap), Fig. 11 (Cast steel cap) and are compared with the Type D head
results in Fig. 12. Because the 0R1099 analysis was sufficiently
advanced, before the conclusion of the trials, to show that an upturning
trajectory would not be required for this particular weapon, the double-
cone heads were only fired at high angles of attack. Results with the
mild steel cap were poor and have not been shown in a graph.

13. It is concluded that the solid double-cone head is inferior to the
Type D at angles of attack above 55-degs. and this confirms the
inferiority of the Types Band C in the earlier trials. It is therefore
unlikely that a solid double-cone head of any cone angle will ever give
as good a performance as a Type D head at high angles of attack.

14. The capped heads were also inferior to the Type D, but this may be
because of the particular design of cap used. The head with the hardened
steel cap appeared to give slightly better results than the solid double
cone and that with the cast cap gave a rather worse performance, but these

differences may not be significant. It cannot be concluded that it is
impossible to design a capped head which will equal the performance of the
Type D, and it is recommended that any future designs should try much
thinner caps in both hardened steel and cast steel; the head unrer the

cap might also be cut back a little to give a larger diameter of flat.

PJKAM. ON THE EMOUA E OF THE TYPE D (FIG. 3) HM

15. The plate-penetrating performance of an armour piercing shell or

shot has commonly been predicted by means of the "Modified De Marre"
formula which usually defines the "critical" oditions where lethal
damage to the target is equally likely and unlikely:-

m v 2 Cos2G C (t)1-43

Where m is the striking mass in lbs.
v is the striking speed in feet/see.
d is the diameter of the projectile in inches
t is the thickness of the plate in inches
E is the angle of attack or strike measured between the axis of

the projectile and the normal to the plate at the point of strike.

C is a constant which depends generally on the shape of the

projectile head and the quality of the armour attacked. In the
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case of trials, 0 is selected to give the best agreement
with the experimental results.

16. The case of an anti-submarine rocket differs frm that of an

axmour piercing shell or shot in certain important particulars :-

(a) The shell is usually required to attack hard armour of a

thickness comparable to the shell diameter, and it relies upon a

high speed of strike for success: the A/S rocket attacks a double
target of shipbuilding plates, the total thickness of which is
usually considerably less than the rocket diameter, but the rocket

must defeat this target at a much lower striking speed and prefer-
ably at a higher angle of strike.

(b)- There is no doubt about the value of the striking mass of a
shell or shot, but in the case of a rocket, it is not yet known
whether the value of "' should include the mass of the whole rocket

or that of the head only or if some intermediate value should be
taken.

17. In the trials discussed in this paper, the masses ofthe heads and

motors remained practically constant throughout,, and the striking mass
was taken as that of the whole rocket. (That is, head and motor = 42* 6bs. );
had the mass of the head only been taken, it would simply have altered
the value of "C",' in De Marre and would not have affected the conclusions
in any way. The difficulty noted in 16(b) above is only likely to produce
serious error when, for example, De marre, with the value for "C" found in
the present trials, is used to predict the performance of a rocket having
a materially different distribution of massds between the head and motor.

18. In Fig. 7, the full-line curve gives the best estimate which can be

made from the experimental results of the striking speeds necessary to
defeat the double target at all angles of attack up to the limiting angle
which appears to be about 68 degs. The striking speed in this case is that

with which the rocket strikes the front j inch plate through which it

always passes: the assessment of damage is that done to the rear 1-inch

Slate. In the same grar-h, the broken line is plotted using De Marre

(= 42.6 lbs. d = 3.25 ins. t = It ins. and log C =5.80), andi it will be

seen that the agreement with the experimental curve is good: the value

selected for "0" was of course that which gave the best agreement.

19, It is concluded that the De Marre equation, with a single value of 0

(for any given rocket and target) is applicable to the conditions of these

trials over all angles of attack up to the limit. It was formerly
believed that C was not a constant for a rocket but increased with the

angle of attack, and the anti-sumarine analysis used a variable C with

values deduced from the rather scanty trial results available at the time.

Fortunately, the constant value for C established by the more extensive

trials now available is slightly lower in value than any C used in the

A/s analysis which therefore slightly underestimates the penetrative

qualities of the rockets analysed.

20. Reference has already been made in para. 3 to the "limiting" or

"skid-off" angle. This is best shown in Fig. 6, from which it appears

very likely that, with the Type D head, a striking speed of about 660 ft/

sec. would have defeated the plate at an angle of attack of 61 degs. No

consistently better performance was obtained by increasing the striking

speed to well above i,000 ft/sec., so that it is clear that there is a

limit to the angle irrespective of speed.

21. For this particular 3.25 inch rocket fired against a ai Le "D"

steel plate 1-inch thick, the limiting angle with the Type D (F1g. 3)

head apbears to be about 61 degs: with the double-cone heads types D air

C, the limiting angle lies between 52 and 59 degs., and has been taken as

1"



55 degs. Against the double target of spaced plate, the limiting angles
with the same rocket are less clearly marked but appear to be about 68 degs.
wi ih the type D and 58 to 60 degs. with the double-cone heads. It is
concluded that the limiting angle is a function of head shape and is also
materially increased by the presence of a fairly light plate in front of
the main target plate. There is no evidence to suggest that, at high angles
of attack, the front plate consistently turns the rocket towards the normal
before it strikes the rear plate (compare columns (o) and (i) of Table 2 at
angles of attack 61" to 70 degs.), and it is concluded that the most
probable reason for the greater limiting angles obtained is that the front
plate supports the rocket while it is attacking the rear plate and thus
reduces the tendency to skid off.

POSSIFLE INES OF IPRVEMM

22. The upturning underwater trajectory having been abandoned for the
anti-submarine rocket, it beccmes necessary to design the best possible
straight runner. The best weight and calibre can only be decided by
mathematical analysis and their determination are therefore outside the
scope of this paper: the confirmation of the De Marre formula in its
applicability to the problem and the fixing of the constant "C" should be
helpful. There are however certain obvious characteristics which improve
the performance of any A/S rocket:-

(a) Reduction of underwater drag which would give a greater striking
speed after a given length of underwater run or would give the saw
striking speed after a longer run.

(b) Increase of the limiting angle of attack.

Both these characteristics are of great operatiorl importance, because
both tend to increase the effective target and to reduce the "dead arc"
each side of the fore-and-aft line of the submarine in which no effective
attack can be made.

23. Reduction of underwater drag in the case of the Type D head can be made
by reducing the diameter of the nose flat: at present this flat is 0.4
calibres diameter, and this can probably be reduced to 0.34 calibres or even
further without upsetting the underwater stability; the drag is proportional
to the area of the flat, so that the reduction in drag would be substantial.
Reduction of the nose flat diameter might however degrade the penetration
performance, particularly in the case of smaller calibre heads which might
becQme too weak for the attack of the J plus 1-inch tvrget. The problem can
only be settled by further trials.

24. The superior penetration of the Type D head campared with the double
cone head at high angles of attack is almost certainly caused by the "bite"
which the edge of the flat nose of the head makes in the target plate at
first contact; this bite is a deterrent to skid-off. It is just possible
that, if the flat were replaced by a slightly concave surface, the bite and
limiting angle might both be improved.

25. If the increase in limiting angle when attacking the double target
was in fact caused by the support afforded to the rocket by the 1-inch
"superstructure" plate, then this support could only have been applied to
the rocket motor body and transmitted through this to the head; the body
tube and its joint with the head would therefore be subject to very high
bending stresses when the head was attacking the 1-inch "pressure hull" plate
at high angles to the normal Examination of recoveries showed that this
berding stress tore the head out of the body tube which belled open at the
front end axd usually bent. A stronger body tube ard a stronger attach-
ment to the head might maintain the sapport for a little longer and

5
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thereby still fur'ther increase the limiti~ng angle. Again,. only trials
can show.

APPENDICES.

26. These contain trial dates and references (App. A), particulars of
rockets, tartets, and methods off recording and assessing (App. B)-,-and
a discussion, of certain techni.cal details off less- general interet
(including comments on tables 5 and 6 and Vigs, 13 to-15) in Appendix-
C which also gives the recmnmended values for Log C in the De MLarre
equation.
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APEN= A

LIST OF PIATE M TMgICN MaIALS MUMB~ AT.

Noe Ref erences in pax~aphs 1' and 2 are to the relevanit trial reports
from S*P.L.Eo Pendine.

1* Trials &AWrs a SinMle Plate, of "D" Q!Ult Steel 1 inch Thi2t

( ebf) I~A22 Three unadndheads type C (Fig. ) and thife
eD (ftgp3)9 (A11 subsequent trials were

f#ed with hardened heads) (44.17/1/83 - /50 of 22.2.50).

(b) f212:Two each (hardened) beads types B0 C ar4 D (ftV, I, 2
and ) kX-171/8 -/50 of 31.3.0)e

(a) J950~: Pive each of.E typos 3 MC anid seven of type Do. 'Also
one each of type G and H (not 1i01W in tables or diaszwn as G
and H did. not appear agin (117/1/106 -9/51 of 7.3051)

(d) FebnuyAa.o 1 91: Eleven type Do (AX.17/1/106 -9/51 of 7*3.51).

2. Zd&aU Ancimt a Roube Ta=nt ftMMesetWn a §g2!UMg

(a) AiDil 95: Twenty4four heads type D (Fig#3) s8me of wbich were
outside the hardness tolerances then allowed. (OM*17/1/218
58/53 of 16,6.,53).

(b) Octoea 1 9S~ Following heas were fired; -

.................................... *.0 8
Pig,5 with hardfted ap............. 8

Figo5 " mild steelcap ........... 6
Fig*.5 " cast steel cap ........... 7
Fig*3 mde ofsteel STA-10 .......... 8
Fi.ge3 " It " STA-14(A) .*so*** 8 (Type D)
(icX.17/1/153 - 51/52 of 13.12.54)

(0) Deaeglr- Twelve type D (M&g3) in ST&Ai14(A) and two to
1Pi93 (XX17/1/153B - 1QV541 . of 3.2.55) bt#j mde of SU-.1o

3. PEZgWal OML=eoe Board XrocegMing RelevXW to jtellea A/ S i*

() 0.&. PEo.Q,6.240) of October, 19: States requiroluent (A. W,,20)
For the interim A/S rockt G1v details *of early diectzesion,
correspondence,, arid proposed trials.

(b) O.B. Proo.Q.60765 of Jana. 1951: Gives a stunary of the 1950
trials with drawinzp of the bea3s fired, anid recoomends the
truzaoated one head, for Service. Proposes trials with thi.s head
at higher strUAing speeds.

(o) 0.B. Proc.Q.6,qj7 of June 1951: Gives a su=ury of the 1951 trial
at highier striking speeds azd closes the investigation.

(d) 0.B* Procq97,283 of Agl 1952: Re-openi the imvestiatiaon to
cover firing interim Service heads unade, of alte=ntive steel.

4* jdWjWia. 0.3B Proco _Relevnant to thina A/S Rocket

(a) 0.3S PM22*6,686 of October 195; Gives partimulars of the nw
requirmuent (O09)fra"high perftuamnce air to sutace rocket
for fowr firing from aircraft" which ooverg the preselat A/S
rocket developaient and the 1953/54. trials.

7



ApendixA (Contd.)

(b) # E7* 1 ofJuy Is Gives particulars of D.N. 0's
stowage and safety requirements relevant to OR.1099.

(o) o.& Proc. Q.7.275 of March 1952: Gives a nemets for the Joint
OB/= trials fired in 1954 together with drawings of the double
cone heads to be fired.

d,) O.B. Po. Q.7,658 of March 1953: Gives revised instructions for
the $954 trials.

8



PARICSLARS OF IRCKTS, TARETS AND YMHOS OF F=R MG
1. Rocket Heads: These are shown in Pigs.1 to 5, and those in Figs. I s 2

and 3 are referred to as Types B C and D; of these Fig&3 was triedin two different steels: STA- 4A) and STA-10. The heads in Figs,.4
and 5 have not been given type numbers and are referred to by thefigure number only; in the case of Fig.5, the material used for the
cap is also stated.

2. Complete Rockets (Head and Motor) Dimensions and weight as follows:-

Diameter of body and head paralll ............... 3.25 in.
Overall length with head Type D ............... 68 ins.

Weight of motor only, with charge all burnt
and no saddles or tail fins ...................... 17.6 lb
Weight of head only .............................. 25.0 lb
Total striking mass of ........................ 7 lb

x 68 ins. with heads Figs.1 and 4, 67 ins, with Fig.2 and 70 ins.
with Fig. 5.

3e (a) Full Charge Motors: All these were 'Motors, Rocket, Aircraft,
3 inch No., Mark 3 or 4'. The Naval drawings of these motors areNOD. 6381 and 7155 respectively, and the other Service draving mmbers
are D(L)17861+ and 20778.

(b) Reduced-Charge Motors: To obtain lower striking speeds, the
ServLce motors described above vere modified: the propellant charges
were shortened, the space vacated by the charge was filled with acardboard spacer tube, and the throat arem of the ventur was reducedby fitting a "chcke"* This choke was kept in position duaing burning,
but probably set forward along the empty body tube on striking thetarget. In the early trials the motor was simply called the "ReducedCharge" (shortened below to "RC"), but in the later trials the motorswere distinguished by giving each a nominal speed which bore some
relation to the actual striking speed obtained at Pendine.

(o) Table of Motors Used

Nominal Charge Throat
Speed Drawing weight MAmeter

(ft/Sec) (lb) (ins)

1,000 Full charge Service motor as described 11.32 1*.450
PC Reduced charge used in 1950 IMD(L)13977 6.25 0.980750 D3(L)6014/Gpr77 (Used in later trials) 7.65 1.190

600 t " 5 98 1.054.
500 o " 4.94 0.958400 " " 3,90 0.852

4. Single-Plate Target (Trials Ia to Id). This was a single plate of 'D'quality steel about 4 ft. x 4 ft. x I inch thick. The plate was
rigidly supported in a target frame and could be moved aout a horis ntalaxis to give different angles of attack. 'ID quality steel has a lowimpact strength in cold weather and is now obsolete; the specification
for this steel was:-

Not more than 0.3% of carbon
Ultimate tensile strength 37 to 44 tons/sqeinch
Least acceptable elongation 17% in 8 inches
Must pass bend and hot forge tests
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APPEI])HB .(otd.)

5. Double Target represeting a Sumrine (Trials.s -2a t0 20). This
consisted of two plates held rigidly in a target frame parallel to
each other and so that the distance between them remained 2 ft.
measured nomal to their surfacem; both plates could be angled
together about a horizontal axis to give any required angle of attack.
The plate first struck - called the-'front' plate and representing
the superstructure of the submarine --was of mild steol 3 ft. x 3. ft. x
63 inch thick& the rear plate representing the pressure hull was
4 ft. x 4 ft. x 1 inch thick or 4 ft. x 3 ft. x i inch thick of 'S'
quality steel which must conform to the following:-

Carbon content dk, 0. 20% (Max.)
Silicn " *0..,**.. 0.35% ft
Manganese ...... s . * (%
Sulphur 9*...G**.0 .06%
Phosphorous 00...... 0.06% "

Yield point .......... 18.5 tons/sq.inch (Min.)
Ultimate tensile strength 30 to 34 tons/sq. inch
Elongation in an 8 inch length:-

a) es pieces over 10 lb .......... 20% (Min.)
(b) t It t ***A. 0

Must pass bend and hot and cold forge tests.

5. Recording

(a) Sgped of strike on First Plate: Timed Electric pulses were
produced as the rocket passed points on the runway: the resulting
curve wam extrapolated to give the speed on leaving the runway which
was for practical purposes identical with the striking speed on the
first plate- of the target.

(b) Angle of Strike on Front Plate: The angle between the normal to
the plate and the axis on the rocket runway was measured before firing
each shot.

(o) Angle of Strike on Rear Plate of Double Target: Obtained from
kinephotographe taken by a flank camera.

(d) Inter-plate Speed (Double Target Only): A laminated foil (two
metal foils with insulation between) placed cn the front face of the
front plate produced a pulse when struck by the rocket head and started
a microsecond counter: a second foil fixed over an inertia pellet on
the rear face of the rear plate produced a second pulse when the
rocket struck the front face of this plate and thus caused the pellet
to pierce the foil: this stopped the counter which therefore recorded
the time the rocket took in travelling from plate to plate.

(e) Exit Speed and Angle: Taken with a high-speed camera against a
dimnsoned background.

(f) Still Photographs: These were taken for each round of the target
plate or plates and 6f the head if this was recovered.

7. Olassification of RLae: In the case of the double target, the j inch
front plate was always holed, and the damage recorded is therefore that
suffered by the I inch rear plate.. This is classified as follows, and
the abbreviations are those used in the tables:-

10



\\\-

APPMDIX B (Oontd.)

Perforation (Perf.): Head passed right through plate.

Lethal Hole (LH): Head did not pass through plate as far as is known,
but the area of the hole made in the plate was equal to or greater
than the are& of a 2 inch hole.

Hole (H): As for a lethal hole but less than the equivalent area of
a 2 inch hole.

Scoogp (S): Where the attacked face has been scooped by a ricochet;
the plate may or may not also be holed.

Stuck or Plugged- The head has holed the plate, but has remained
stuck in the hole thus plugging it.

Of the above, the first two are assessed as "kills" and the others
as "failures".



APPEDIX C

TECMICAL IETAILS OF LESS GENERAL NEREST
1* V Method of Assessing Critical Striking Speed for Lethal Ianage

to I inch Plate. If for any given angle of attack, the loss of projec-
tile energy in passing through the plate is constant, and if the
projectile suffers no loss of mass, then the relation between the square
of the exit speed and the square of the striking speed should be constant
and capable of representation by a straight-line graph. In practice.
shots are fired to strike at speeds well above the critical, and the
resulting graph is extrapolated to the point where the exit speed would
be zero: the corresponding striking speed should then be the critical
value. This was tried, but the results were very inconsistent, probably
because the rocket usually left its motor on the entry side of the plate
so that the total mass at exit was much less than that at strike. The
scheme was abandoned, and the critical speeds were assessed directly
from the graphs Figs. 6 to 11.

2. Loss of Speed through 4 inch Front Plate: Fig*13 is based on a
similar theory, but the square of the cosine of the angle of attack is
introduced so that strikes at different angles can be compared. The
result is a linear graph which rather surprisingly, passes very nearly
through the origin; the exit speed after passing through the front
plate can therefore be found with reasonable accuracy from the expres-
sion:-

Exit speed = 0.8623 x Striking Speed

Thia equation is compared more directly with the experimental results
in Fig.14, and is used to assess the striking speed on the s,cond plate
of the double target when this speed is not actually recorded. There
seems to be no dsystematic difference between the performance of the
various heads in loss of speed through the front plate.

3* Attack of I inch Rear Plate of Double Target: The angle and speed
of strike on this rear plate are known from the records or can be cal-
culated as above, and, for the Type D head, there are sufficient results
to assess the performance against this plate as a separate entity.
These results are shown in Fig.15 and a De Marre curve is fitted as
before.

4o De Marre Constants: Curves calculated from De Marre have been
drawn in three cases and particulars are given below; in all cases, m
was taken as 42.6 lb. and d as 3.25 inches:-

Value used for:-
Fi Head Twe Target t Lo C

6" D Single I" D steel plate I inch 5.868
7 D Complete double target I *375 in. 5.800

15 D Rear plate of double target 1 inch 5.868

Note " Whereas in Figs.7 and 15 the value of the De Marre constant
C was selected to agree best with the experimental results,
this was not the case with Fig.6 where there were insuffi-
cient points: in Fig. 6 the same value was used as in Fig. 15
to see whether any comparison was possible.

The agreement between the calculated and experimental curves in
Figs. 7 and 15 is good, which shows that a constant value of log C
can be used in any particular case for any angle up to the limit; it
also shows that the difference between the values in Pigs.7 and 15
are siificant (they correspond to C = 631,000 and 738,000 respect-
ively.) The inference is that, at any given angle of strike. a double

1Z~



MM= C (Contd.)

target of . inch mild steel plus I inch "S" quality steel can be
defeated at a lower striking speed than can a single plate target of
"S" steel 1- inch thick. This difference might have disappeared
if the front 3 inch plate had also been of "S" quality steel. but
this is doubtful, and it may be that spaced plate is always easier
to defeat than a single plate of the same total thickness and the
same material. In Fig.6, the success at 59 degs. and 507 ft/seo.
suggests that the "D" quality steel plate is easier to defeat than
the S quality for which the De Marre curve is drawn; this is
probably true.

5. Mass of Saddles and Chokes: Neither have been included in the
striking mass because:-

(a) Saddles: These are clamped to the motor body, and set forwardi
on striking the target, thus probably assisting penetration by
applying a forward force limited by the friction between the saddles and
the motor. When the saddles themwIves strike the platep they are
retarded or held by it and probably exert a backward pull on the
rocket, again equal to the friction. The two results are assumed to
cancel.

(b) Effect of a Choke in a Reduced Char Motor: The choke weighs
P"Ib and is assembled just in front of the venturi; it would tend to
set forward when the rocket struck the first plate of the target and
would have to reach somewhere near the base of the head before it could
exert any appreciable force on the rocket. The time taken for the
choke to move this distance inside the rocket would be much longer than
the time taken for the rocket to travel from the first to the second
plate, so that success or failure to penetrate would have resulted
before the choke could affect the outcome. The mass of the choke can
therefore be safely neglected.

6. Performance of Motors and Retardation on the 600 ft. Pc-idine Runway:
Tables 5 and 6 are included for reference in arranging future trials;
details of the motors are given in Appendix B.

13



TA3U, 1i: Results- of 1950/ Trials with, Heads, lykesB
---- > ...--- ...-.-- ,-t --. )_( '- Daag otich"

SStrike on ih iDamage to inch

Date Round -.(d).
of Nunmbor -- gle to Speed ofTrial Normal Strike Description

ft/sec. (Dimensions in inches)
TAJ2'1 _a):_ 'esults with Head. d ouble Con

£Zarch 1950 5 3 616 .3:. x 3 hole and splits
6 663 #X3 " "

Lpril 1950 12 48° U0 3'x3 " " "
14 480 itx4#' "16 3:2 640 .L5 N H

" 10 520 599 101 x 2 hole and plate split in half" 4 590 609 Scoop only

TE.L 1(b): Results vvith Head Type £C eg*Double Cor,

Jeb. 1950 1 30 624 3 x 3 hole ane splits
" 5 150 611 3- x 3-2 " " large split
" 6 300 620 Scoop only. Target frame collapsed

!,-arch 1950 3 390 649 3-x: 'hole
it 4 3 9

O  651 6X9khole
;April 1950 13 480 620 4 x 4 hole and cracks
If 15 480 609 "5V " 7If 17 400 606 31 x 4t " "
" 11 520 621 9" x 4 "
" 9 590 633 Scoop only

Ti9ZE Io): Results with Head Type D (Truncated Cor e ri-.

2e4iarch 1951 12 30 1025 9 x 8' hole
Feb. 1950 2 30 NR 7 x 342" and split" 4 150 635 qj x 6 "

" 3 2 4 °  545 Scoop only. Target frame collapsed
M,-. 1950 1 300 667 3 x 3 hole

2 400 661 x
ipril 1950 1 480 504 3 x 3t hole and split
* PebAar. 1951 9 510 1031 29 x 12 " " large splits

"I 10 999 13x5 "
11 560 999 l0 x 5 hole

.4pril 1950 2 590 507 jtx jt and cracks" 5 590 609 31 x3 " "
6 590 647 q x32 " and two large cracks

" 7 590 618 3- x " and cracks
8 590 617 3 x 2 hole and large crac

Fe ar.1951 6 600 1021 Centre of plate knocked out
" 7 600 1099 Scoop only

8 630 1008 Plate broken up
4 640 1014 Centre of plate knocked out
5 640 1025 Scoop only
3 670 1022 Scoop only
2 760 1029 Scoop only

;IY: Perf. = Perforation LH = Lethal Hole H = Hole (Smaller than lethal)



-And,, Dj .i .. _t3) aait a sinle1.nch lD' Steel Plate

et Plate (h)

Ui(al...t.(g) State of Recovered Head and - emarks
].uivalent ..ssess-
Hole dia. ment

3 Per. Intact
3 Perf. SlikAt damaE to point

Pert. Cracked half along taper and slifhtly bent
Perf. Most of taper broke off
Per. Intact

5 L.H. NR

- S NR

3 Per. ) Heads were not hardened, and no record remain of
Per. their condition after recovery

-~ S
37 Per. Intact
7 llerf. Intact
4 Per. Intact
6 Perf. Intact
4Per. Intact
- S NR

Low Service Interim Head

Per. Very slightly bent, otherwise intact
5 Per. ) Heads were not hardened, and no record rMains of
- i Per.) their condition after recovery

3Perf., Intact
3-t Per. Intact

Per!. Half taper broke off
20 Per. Point bent round about 1+5 deg.
7 Per. NR
7 Per* Point damaged and bent

Per. Intact
Per. NR
Per. Head broke up
Per. Most of taper broke off

20 Per. NR
-S NR

- LH NR
20 LH NR
- S NR

S NR
S NR

=SCOOP lTR =Not reodrded or not recovered



Tabl 2: 20Z Results with The InterimlHead T
M*Sistaibe' t.ar te

(a) Strike on inch Dage to I inch Rewr Plate
Date ~Rund Front Plate _ ________

of No. N (a) Cd) (W)
Trial Angle to Speed of Description LEquival

Nor.l Strike (Dimensions in inches) Hole
,-(ftlseo) (ins.

IPril 53 8 350 Head stuck in plate 2t" tbrough,'PluggedI, no craoks
" 9 " (350) Head stuck in plate 34" thzoA&, "

no cracks10 " 470 4 dia. hole

.. ril 53 11 i 29 460 Stuck in plate 8." through, two Plugged
4" cracks

12 " 470 Hole 3
Dec. 54 13 310 336 2* x2 hole, head stuck Plugged

14 " 470 2x 3 ole '
April 53 13 1 40 o  790 I hole 3

14 830 "
15 " 99 3 x3 hole

Dec. 54 9 430 349 Point stuck in plate Plngged
10 " 338 1 x it hole

11 , (460) x ,hole 2j

12 " (460) 2i x 3 hole 2*

-,mpO 53 16 440°  785 3j hole 3*
17 4Bo  770 ;3 x 3+ hole

" 18 450 1005 3 x X' "

D500 3 x 3 hole 38 500 437 Stuck in plate 2" through Plugged

Oct. 54 19 51i °  600 S9oop20 599 3
33 34 hole

33 "587 3-,r x hole
18 t 788 4 x 4 hole 4

Dec. 54. 5 550 578 X' x 4 hole 3f
6 " 585 Scoop and cracks through -

Oct.54. 38 560 j 790 3x 41 hole 4
' " 570 590 x x hole 3.

p .l 53 19 590 780 3-4 hole 34

Oril 53 20 60o 770 ! 7T x 2 , hole
54 3 0 738 Scoop

4 7301 x 5 hole
Oct. 54 7 " 989 3-x 1 hole, e 2 crack 4, :4
-pril 53 21 60J°  1005 " x 21 hole
Oct. 54 1 600 1087 7 x !.,. hole 5
-.pril 53 1 i 60*o 1105 f51 x 3: 7 hole and small crack 4

,Y: Perf. = Perforation LH = Lethal Hole H = Hole (Smaller than lethal)
NOT: Firures in brackets are derived by avera;dzg or other than by direct



resenting a 3xibmarine

(h) teStrike on I inch Head after exit

.Rear Plate fr aM ise. .

(g) State of recoveredha (i) (a) (k) (1)
pnt! Asess- Angle to: Speed of 1mgle to Exit

ment Normal Strike Horizontal; Speed
- (ft/seo) (ft/seo)

iStuck Intact (O) (302) - -

( 0) 1 (302)

Perf. (o) (405) 00 180

Stuck 'Intact (290) (397) - -

Perf. (290) (405) (30C D) N~R - very low
Stuck 220 (290) lq'
L.H. 17°  5) " "

;- - .. .. |......--. . ..

Perf. Intact 3' 681) NR
37 716, o 35P,NR40 (858) (27 0D) 871

Stuic Rest broke away leaving podntl 26 (301) H I NIR
Hale Intact (drepped between 16. 291 "t

plates)
LeH. Intact (Jz-.font of first 2 (397) '

plate)L. H Intacot ( ditto) Ac°  (397) ii

Perf. Intact 510 (677) i33% NR
47K'o (664) 2P % 16e

S 50 (867) 18D i91

Perf. Intact 400 (404)
Stuck Half oone broke off on 450 ( "377)

removal

.Soop Yost of cone broke up 410 (517) - -
Pert. Intact P(57) I iT

Pe.rf. Intact 44 4.9p FR JrR .- 'MrY low
-Perf. 3oint broke off 4P_0  672 100D i 50b

Per. mall piece off point 48o 385 IT, r 1,
H V3 S- NR 4840 (504)

,Perf. NR 530 699 31'- D
Pert. IntactI 49 (509) lcw
Perf. Intact (673) 2. 51

' 510
SCP Inta.ct 59 (59) ,7 0'LHc S e> 6°(6R -

Pert. P 0
Pert. 58 826 0°  , 702

7rrokceup 5 1 P67) -
Perf. Point broke off 9 I 7 00 412
Pert. Intact (64- 953) 0D 1042

S = Scoop NR = Not recorded or not recovered D = Nose down

urament



Table 2: 195j/54 Results with the Interim Head (TMye D Ft.
asgast a Double-Plate, Target Rewmt.entin!,. a Sub

(a) (b) Strike on t inch Damage to I inoh Rear Plate
Date Round Front Plate

Trial (o) (d) ()
Angle to Speed of Desoription Zquivalei

o St e (Dimensions in inches) Role &L
(ft/Sec) (irns

1. .pl53 2 61j °  985 6 x 3 hole 4

April 53 22 6790 5i x 1 hole and long sooop 3
3 65 ' 1100 3X 2 hole and sooop 3

1023 6 1015' 2!x 2 hole and s coop 4.
"3 " 1105 5 x 2 i " "

April 5 3  5 66o 1100 4 x3 hole
246 1000 8 x3 hole and scoop 5

Apri 53 7 690 1990 Scoop only: no hole .It 670 0 990 " It " "

: s in previous page

NOTE: " " it



.- Trunoated Cone 1i Steel)

(h) Strike on 1 inch Head after exit
Rear Plate from rear plateState of Recovered Head

t Assess- Angle to Speed of Angle to Exit

ment No rual Strike Horizontal Speed
(ft/seo) (ft,/Seo)

Perf. L'roke up (61j°) (849) 100 up 731

LHt& S Broke up 6- -

T;xoke up 6r ~ I875$
NR (6- 93

Pexfe. Intact ~(6 1) _____ 501

LH & S Brke up 65 862)

Scoop ntact K 0862 I
_Intact -



Table 3: Results with Head To D I& (Troted_c
Oteel Ti 10 amt a DoublePatex O

(a) (b) Strike on - inch Damage to I inoh Rear Plate
Date F rnt Plate ___T_T

Of -COY T
Trial RoM .angle to Speed of Description Bquival

Number Normal Strike ile D
ft/seo (Dimension In inches) (ins)

Ot 54 32 5w 588 z 4 hole
I 25 Boo x 4hole I

17 1060 x 4 hole and orcim

Ot 54 145 560 1 589 Read stuok at fulldiMej%ter Plugged
44 800 3 x j hole and craks
37 1039 3 x 5 hole and oras 4

Oct 54 6 600 984 2x3 holeandsooop, 2*
Dec54 1048 x 7 hole and large cracks 6

1 2 1084 x 4 hole and acoop
Oo 54 12 610 1058 Sooop - cmaked through

2XM: As Table 2
i.TB: z-s Table 2



)Jn lternative materials:
eit a submarine

(h) Strike on I inch Head after exit
Rear Plate from Rear Plate

() State of Recovered Head F ij T T k 1at!- Leses- Angle to Speed of Angle to Exit

a. ment ; Norma Strike Herismtal Speed
i i : f+'Beo ' e

Perf Intact 11Jo 494 'KR - very low
I Perf Intact *"°707 NR

Perf Intact 50 926 NR-low,

Stuck Slight damage to point 5196 4R
;Perf 'R 54. 666 5t w 54
iPerf Intact o54 958 4down 877

'LH c S Cone broke up o 811 NR NR
LH NR 5( 904.) NR NR

.LH& 0 Cone broke up 6 95 V
ISooop, NR 54

- 1023 NR M-1



T.Z4;::.Results vith Double-Cone Heads: Sc

(a) (b) Stik ceu: inch Dam~uage to I inch Rear Plate

Date 1hot Plate

of Round .) Cd)
Trial Number Augle to Speed of Desoription Equivalent

Norval Strike (Dimension in inches) Hlole dia. Aza

Results with SoU

Oct 54 13 500 1022 3 x 1 hole PC P
30 510 55 Scoop -jS
21 51307 3 j 3 hole 3k e
39 56°  780 3.: x , hole e
41 560 733 3coop Sc
34 560 1069 3x 5 hole LP

2 600 993 2 x 2 hole and sooop 2IM
" 600 1004 Deep Scoop S(

Results with Fig.

Oct 54 14 500 1039 31 x 4 hole plus 5" orack 4* Pe
31 5110 586 3 x * 3 PC

" 22 51,0 797x 4 P
40 56 720 Scoop - S

42 560 795 34 x J. hole P BC

35 56 1044 3. x 4 hole 4 P4
3 600 1080 2 x 3 hole and sooop 2H
9 610o 995 Scoop - Sc

Results with Fig.

Oat50 62 A x 8 hole 51 P4
0 799 Scoop - S(

26 510 780 Scoop -S
28 51 784 Scoop -S

4 60 1004 Scoop -S

" 10 610 1005 Scoop -

Results with Fig,

0 t54 1 500 1005 -11-x 4. hole I43 Pf21+ 5140 1790 S coop/.hl - St
ct27 51" 802 3 x 4 brle Pq

29 51 °  790 Scoop S4
36 W 1015 Scoop Sc

5 600 985 Scoop So
" 1 6 °  16+ 3 x 6 hole

1 : s in Table 2
NOU,: As in Table 2



Id~IL yYv i nd ith three_cP terials

(h) StAke en i inch Head after exit
Rear Plate from Rear Plate

:)State of recover'ed head Wi ~ (k)()
An le to Spe Of Angle to Exit

oment Norml St Horizontal Speed

- --- (ft/seo) t/se

L Head Fig.4

rf 1oth cones broke up o 909 00 733
>op *roke up.. hLR 4.9w 503 NR W
f. Ioth cones broke up 4 o 706 ER NR

rf. Front cone broke up 520 648 380 don YR
)OP Half front cone broke off 504 . 673 380 545
rf. Frcnt cone broke up 550 913 0 757
S oth cones broke up 5 o 924 5Do up 625

!op 6oint broke off 59 (866)J 390 UP 707

5 Head with Haidened iteel Cap

rf. Cap NR, body broke up 45064 NR
rf. Cap NR, Slijt damave to point of 4o (505) I4R NR

body0
rf. Cap R., half body cone broke off 1 665 M NR
Dop Cap NR, -ilight daage to point of 0 684 410 up 552

body
rf. Cap YR, ditto 551 730 NR NR - very

low
rf. 5 ,965 120 dain 776S roke up 58 (931 ) NR IM

Dop Cap NR, body point slightly damaged 1780_ 400 up NR

5 Head with Ivld Steel Cap

of. Cap NR, body intact 5y n765 0 0 823
oop Cap NR, body intact sihlbet5,1 (689) 50o UP 603
cop Cap NR, body intact (673) 44P up 553
cop Cap NR,, body intact 55 (676) NR NR
cop Cap flattened, body NR 57 735 NR NR
oop Cap NR, body intact 6-4 812 320 up 737

5 Head -with Cast Steel Cap

rf. NIR 511 814 100 up 656
cop Cap NR, body intact 55 (681 430 up 375
of. Cap NR, body intact 52 (692) NR NIR
cop Cap NR, body inta44 706 500 up IR
cop Ni 6 839 WR ER
cop Cap NR, body intact 759 3o up 896
rf. Cap NR, body intact 61 667 14 d 725



, Iotor Type NoAnal Number Fired in Mean leoorded kucn
Speed 1953/54 Trials Speed at end of OXrOX

ft/ecRur-.Vy ft/sea. ft/aC

J 1000 35 1033 35-4
G 750 24 (plus one die- 790 8.92

rc-garded),.:
K 600 10 588 5.5C
I 500 6 )plus 2 NR 463 9644H 400 ) 343 6.25

Notes: (i) For cach type of mootor, the arithmetic su, is found of the diffc
thc rusult is divided by the number of mtors in the group and t

T (ii) One motor in the 750 ft/sec. group ms recoded as havi% a speed
may have been a mistakc..

I (iii) The large man error of the 1000 At/seo uotor may have oen cause

observed in oortain cases.

TLIai 6: Dcelcratio on the 600 feet ibzrrjay cn the April 19531

This table is extracted from C.L.LD. I a co .ents on tial 58/53 fired in Apll
sugaestod that the table bola-v may be of aonoral application for rough estiLatLs
is caused by friction br,tweon the rockut saddles and the run-ay and by air resist

Retardation of a rocket on the 'Pordnc 600 - fo

SP-L,cd QC Rockot in A~/soo. 300 400 50

Retardation in ft/seo2  27 38 5

Note: Retardation vas only calculated for tho ;,p



ra 'Ath 25 lb. Heads f Ot od fircd on the, 600 fct Penin v±nO

)Iotor h(.ted to about 130"? before firin to ensuro thLt it would b; all

)burnt on the rum ay.

Motor not heated

v.nOs b,,zoon the mean spked of the group ani thc actual speed of each a otor;
c rsult is the mean error.

of 720 ft/soc.vwIAL was disregarded because it appeared to be quitc Gxcoptional and

by soue reaching the end of' the rum-ay while they were still burning. T"is Trms

rial'

1953. C.L.L.D.'s r--frmnoo is D8(T)96 of 27.11.53, paragraph 6, viohre it is
f the thrust m-quirmd with any rookot firod on this ruay. The r(tardation

t R-um -ay

- ,-, - n,- l,,- - -, .- .600 700 800 900 1000 il110

86 126 173 228 30

i£ 1953 ttia. for 'hich additional rcords vicrc supplip&



SECRET

P5183 82/117 ROCKET HEADS USED IN PLATE TIALS.
SHEET I

400 -MAX.

z 4 6 a10 2. 14. Is

INCHES
HAADNESS DIAPL~AM

Soo

4.00w

?.00--

400 I ~-- - --

A- -o 2. 4 10 Il. 14Is
INCHE.S

HAZONESS 0tGlA6M

FIG. 2 m~om Q~ 8 0 1 o
ONNSI0INS W~E IN NCH-EG kioE m. ofS.-



SECRET

P 5/ 8382 /117. ROCKET HEADS USED IN P'LATE TRIALS.
2o 4 to_ __14 IS

Soo

ci=.IN.

toot

7,±LdpiA!~94 --- 4-76

FIG.-3. FK~OM N!.O.D. 7826 SOUri (Q3 4-5s) jHuT 2 OL-.5s5n)

boo - 4 6 1J 12 14 161INS.

E 400MAX~.
c; MIN.

WAXONLUS DIAGLAM.

IN INCIS. I- 5 L33 b'5-

FIGA4 Vorm D.8(05776/177 SHEET i (1-1,52) SHEET2 (215

- - - - - - - - - - - - - - - - - - - - 1 NW.

4 00 - - - - - - - - - - - - - - -.

IND INCH9S.

FIG.5. FRo D.8(L)577177 3ser-T i(, Ijj5) HLETr a #.
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TRIALS HKAD TARGI

3350Solf OYE SINGLE
OF I11

( &LrL I) o 'V' 0.T___
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ORAPN REPRESE.NTS

L'ATE~ (i) LimiTnGc ANCLES FOR LIETHAL DAmAct. wrim mpFgmUNT FIG. 6
dC" HEADS AND ROUCH CURVA FOR TYPE 0.

EL Q)Di MARRK CURVE AS IN FIC. 15 FOR COWAM*. ______

JRJ S#CET

I--H

a IL

MAI

44

4-4

EL -~

3004 500 600 70 0 wo

~4GLE, OF STRIKE TO NORMAL IN DECIVELS.



TRIALS HEAD TARGET CURVE REPRESENTS,

193 4 TYPE 0 COMPLET~E L .IMITINC ANGLE AND CRITICAL STRIKING SPEED FIG. 7
95) IN STA. 14 A DOUBLEFOLEHLDm&FToCMEETAG.

(TABLE,2)1 STEEL TAR4ET AMG T OPLT TRE

MI It m. SECRET

'crho

900.

-14 i I El I

7"00.

H- 4-F' L
S7 oo.-.i-

z 0

4- -41~i

FRO1NT TLT .
4-WD.E -. FS



TRIAL HEAD TARGET CURVE REPRESE.NTS _

19531/s, TYPE D COMPLETE. (i)-IMITNC ANGLE FOR. LET14AL DMACL. FIG. 8
IN STA - 10 DOUBLE Ci EMIR REA NFG7FRCMASN

(TABLE 3) STrEEL. TARG~ET LID AR UV SI I. O OPRS

KE'Y.1

SYMB L.' EFFEcr Of*~ iimt lei T_ +4

i ti
0 PEJRV0 T i_ __

1100 - s--_

1000 -_ _ _ -4~-~-> .bL-

900 --- l 4

J1 11T
II- 1.zL

7-
800-

ic_ __ 700-- jjI I
______F PR,___ Q0 ________ __________ rel cO'ej l iO____ _____._

0. _ _ __ _ __ ____ __ ____ ___ ____it

4 1 I

z I
0 I

__00____ 5_____ 1 7 7 _ _ _

i~ 4

0 i0 0o 30 4.0 so 60i0w

e=ANGLE or ATTACK TO NORMAL OF FRONT PLATE
A.R.D.E. WOF S.



TRIAL HEAD TARGET CURVE REPRESENTS

15/4 FIG. + COMPLETE LtMITINQ ANMLE AND ROUGH CURVE FOR FIG. 9
TABLE 4) DOUBLE LTA AAL

(ms..E * _______TARGET LTA AAE

I I ECRET'

1100-
~1 1- 4 l j

44-

900
F'

aw-

> *~1

4c
4L 700

z
000

z
0H

B4

300-

300 J, 1

6-ANGLE~ OF ATTACK TO NORMAL OF FRONT PLATE.
A.R.D.E. M. OF S.



TRIAL 01"D TARGET CURVE REPRES6ENTS
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TRIALS "EAD TARGET CURYSS REPRESENT

1953/S4 T%(PE 0 COMPLETE CRITICAL STRIKINC- SPEF-DS AND ANGLES OF FIG, 15
TAB1LE Z2I STE 1TARDoGBE ATTACK ON I INCH REAR PLATE FOR LETHAL DAMACGE.
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