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INTRODUCTION

1. This paper gives an account of all known penetration trials fired in
connection with the development 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 conclu=
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 complete rocket was guided
along a rurway 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 capable of being set at any
required angle to the direction of motion of the rocket at strike.

DEVELOEMENT OF THE 3~INCH INTERIM ANI'I-SUEMARINE ROCKET

3. The wartime head fitted to the "3-inch" anti-submarine rocket was a
25 1lb. 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. 1 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 06,765 and
06,917; the results of the penetration trials (but not the underwater
trajectory trials) are repeated in Table 1 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-=inch

Interim A/S Rocket".
INE L
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5.  During production i gt egMR,D heads for Service difficul-
tl_es were experienced i within the design hardness tolerances
which control the heat t¥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 some were outside. There was no significant
difference between the plate penetrating performance of heads inside amnd
Qutside 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 results
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 submarine. The April 1953 trial just described 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 superstructure of
a submarine: the rear or second plate struck was 4 ft. x 3 ft. of "s"
quali;y 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
also 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. TWhereas 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 665 degs., the head in the alternative steel failed in
one case on striking at 1058 ft/sec. and 61 degs. It is recommended that
this alternative steel (ST4-10) should not be used unless a large rumber
of additional heads made of it are fired and give as good results as those
made of STA=144 which, in view of this failure, does not appear very

likely.
FURTHER TRIALS WITH THE TYFE D (FIG. 3) HEAD

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
arranged 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. Iiuch useful information was obtained

and is discussed later in this paper.

TRIALS WITH DOUBLE-CONE HEADS FIGS. 4 AND 5

9. In September, 1950, Staff Requirement OR1099 was stated for a high
performance air-to-ground and anti-submarine rocket; this is the "long-
term" requirement which has been the subject of mathematical analysis in
L.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.

2
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10, TWhen 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 country, 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 performance in compari-
son with the Type D would be affected by using a fimer 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 given
in Table 4 and in the graphs Fig. 9 (solid double cone), Fig. 10 (Fard
Cap), Fig. 11 (Cast steel cap) and are compared with the Type D head
results in Fig. 12. Because the OR1099 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 useds The head with the hardened
steel cap appeared to give slightly better results than the solid double
cone ard that with the cast cap gave a rather worse performance, but these
differences may not be significant. It camnot 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 under the
cap might also be cut back a little to give a larger diemeter of flat.

REMARKS ON THE PERFORMANCE OF THE TYEE D (FIG. 3) HEAD

15, The plate-penetrating performance of an armour pie?cing shell or
shot has commonly been predicted by means of the "Modified De Marre"

formula which usually defines the "critical" conditions where lethal

damage to the target is equally likely and unlikely:-

"
mv Cos™® _ LiateliS
T __C(E)

Where m is the striking mass in lbs.
v is the striking speed in feet/sec.
d is the diameter of the projectile in inches

t is the thickness of the plate in inches .
6 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, C is selected to give the best agreement
with the experimental results.

16. The case of an anti-submarine rocket differs from that of an
armour piercing shell or shot in certain important particulars:-

(2) 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 "m" should include the mass of the whole rocket
zr that of the head only or if some intermediate value should be
aken,

17. In the trials discussed in this paper, the masses of the heads and
motors remained practically constant throughout, and the striking mass

was taken as that of the whole rocket. (That is, head ard motor = 42. 6lbs. );
had the mass of the head only been taken, it would simply have altered

the value of "C" in De lMarre 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 massés 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 £ inch plate through which it
always passes: the assessment of demage is that done to the rear 1=inch
plate. In the same graph, the broken line is plotted using De Marre

(m = 42.6 1bs. 4 = 3.25 ins. t = 1§ ins. and log C = 5.80), and it will be
seen that the agreement with the experimental curve is good: the value
selected for "C" was of course that which gave the best agreement.

19. Tt is concluded that the De Marre equation, with a single value of C
(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-submarine 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
ngkid-of f" 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 £t/
sec. would have defeated the plate at an angle of attack of 61 degs. No
consistently better performance was obtained by increasing the str:!.kz.ng
speed to well above 1,000 ft/sec., so that it is clear that there is a

1imit to the angle irrespective of speeds

24, For this particular 3.25 inch rocket fired against a singlt.a npr
steel plate 1-inch thick, the limiting angle with the Type D (Fig. 3)
head appears to be about 61 degs: with the double-cone heads types D and
C, the limiting angle 1ies between 52 and 59 degs., and has been taken as

4



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.
with 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 colums (c) 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 fromt
plate supports the rocket while it is attacking the rear plate and thus
reduces the tendency to skid off.

FOSSIBLE LINES OF IMFROVEMENT

22, The upturning underwater trajectory having been abandoned for the
anti-submarine rocket, it becomes 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 lMarre 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 same
striking speed after a longer run,

(b) Increase of the limiting angle of attack.

Both these characteristics are of great operational 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
become too weak for the attack of the § plus 1-inch target. The problem can
only be settled by further trials.

24. The superior penetration of the Type D head compared 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 Jjust 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 -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
bending stress tore the head out of the body tube which belled open at the
front end and usually bent. A stronger body tube and a stronger attach-

ment to the head might maintain the support for a little longer and
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thereby still further increase the limiting angle. Again, only trials
can show, ; ,

APFENDICES

26« These contain trial dates and references (App. A), particulars of -
rockets, targets, and methods of recording and assessing (App. B), and
a discussion of certain technical details of less-general interest

(including comments on tables 5 and 6 and Figs. 13 to 15) in Appendix

C which also gives the recommended values for Log C in the De Marre
equation,
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APPENDIX A
LIST OF PLATE PENETRATION TRTALS FIRED ALSO REFERENCES

Note: References in paragraphs 1 and 2 are to the relevant trial reports
from S.P.E.E. Pendine.

1e Trials Against a Single Plate of "D" Quality Steel 1 inch Thick

(a) February 1950: Three unhardened heads type C (Fig.2) and three
unhardened heads type D (Fig,3)s (All subsequent trials were
fired with hardened heads) (KX.17/1/83 = 4/50 of 2242.50).

(b) March 1950: Two each (hardened) heads types B, C and D (Figs.1, 2
S 3T T AT/1/85 < W50 oF 39.3.50). !

(¢)  April 1950: Five each of types B and C and seven of type D« Also
one each of types G and H (not included in tables or diagrams as G
and H did not appear again) (KXe17/1/106 = 9/51 of 7.3.51).

(@)  February/March 1951: Eleven type De (KXo17/1/106 = 9/51 of 7e3+51).

2s Trials Against a Double Target Representing a Submarine

(a)  April 1953: Twenty-four heads type D (Fige3) some of which were
outside the hardness tolerances then allowed. (KX.17/1/218 =
5&53 of 16.6053).

(b)  October 1954: Following heads were fired;-

WAl o oo siiisimoinianmins s sbnion B
Fig,5 with hardened cap ccveeececces -
Pige5 " mild steel cdp eccccvecees 6
Pige5 " onst stoel CBD secesvessee T
Fige3 made of steel STA=10 .,.....c... 8
Fige3 " » " STA=14(A) ...ee.. 8 (Type D)

(KXe17/1/153 = 51/52 of 13,12.5L)

(e) December 1954: Twelve type D (Fig,3) in STA=14(A) and two to
Fig.3 (KX .1t791/1 53B = 185/54 Of 342455) but made of STA-10.

3e Principal Ordnance Board Proceedings Relevant to Interim MS Rocket

(a)  0.B. Pmc.g.S,ZgE of October, 1949: States requirement (A.W.206)
For the interim A/S rocket. Gives details of early discussion,

correspondence, and proposed trials.

(b)  OsB. Proc.Q.6,765 of Jane 1951: Gives a summary of the 1950
trials with drawings of the heals fired, and recommends the
truncated cone head for Services Proposes trials with this head
at higher striking speeds.

(e) 0.Bs ProceQe6,917 of June 1951: Gives a summary of the 1951 trial
at higher striking speeds and closes the investigation.

(@)  0.Be ProceQs7,283 of April 1952: Re-opens the investigation to
cover firing interim Service heads made of altemative steel.

4e Principal 0.B. Procs. Relevant to the Final A/S Rocket

()  O.Be ProceQs6,686 of October 1950: Gives particulars of the new
requirement (OR.1099) for & "high performance air to surface rocket

for forward firing from aircraft" which covers the present A/S
rocket development and the 1953/5) trials.




Appendix A (Contd.)

(b)
(e)

(a)

Os Be Proce Qe6,981 of July 1951: Gives particulars of D.N.O's
stowage and safety requirements relevant to OR.1099.

OsB. Proce Q.7,275 of March 1952: Gives arrangements for the joint

OB/CEAD trials fired in 1954 together with drawings of the double
cone heads to be fired.

0. Be Proce Qe7,658 of March 1953: Gives revised instructions for

the 1954 trials.
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APPENDIX B
PARTTICULARS OF ROCKETS, TARGETS AND METHODS OF RECORDING

Rocket Heads: These are shown in Figse?1 to 5, and those in Figse.1, 2
and 3 are referred to as Types B, C and D; of these Fig.3 was tried
in two different steels: STA-14(A) and STA-10, The heads in Figs..
and 5 bave not been given type numbers and are referred to by the
figure number only; in the case of Fige5, the material used for the
cap is also stated.

Complete Rockets (Head and Motor) Dimensions and weight as follows:—

Diameterof’bodyandheadparall!el............... 3e25 ine
Overall length with head Type D saind ot ee s isuds B ANE,

Weight of motor only, with charge all burnt
and nO Saddles Or tail fins e 0 st ss et 17.6 lb

Weig}lt thea.donly ® e e e e s S e s e rstes 00N 25.0 1b
TOtal strjkj-rlgmss of L T R R R N ) 1'-203 lb

= 68 ins, with heads Figs.1 and 4, 67 ins. with Fige2 and 70 ins.
with Figo 5-

- (a) Full Charge Motors: All these were "Motors, Rocket, Aircraft,

3 inch Noe1, Mark 3 or 4'¢ The Naval drawings of these motors are
NOD. 6381 and 7155 respectively, and the other Service drawing numbers
are DD(L)17864 and 20778.

(b) Reduced-Charge Motors: To obtain lower striking speeds, the
Service motors described above were modified: the propellant charges
were shortened, the space vacated by the charge was filled with a
cardboard spacer tube, and the throat area of the venturi was reduced
by fitting a "choke"s This choke was kept in position during burning,
but probably set forward along the empty body tube on striking the
targete In the early trials the motor was simply called the "Reduced
Charge" (shortened below to "RC"), but in the later trials the motors
were distinguished by giving each a nominal speed which bore some
relation to the actual striking speed obtained at Pendine.

(¢) Table of Motors Used

Nominal Charge Throat
Speed Drawing weight diameter

(ft/Sec) (1b) (ins)
1,000 Full charge Service motor as described 11.32 Te 450
RC Reduced charge used in 1950 DD(L)13977 6.25 0. 980
750 D3(L)601L./GF§177 (Used in later trials) 7.65 14190

600 . ’ 5698 14054
500 . ” 4o 94 0,958

400 " n 3¢90 O, 852

Single-Plate Target (Trials 1a to 1d). This was a single plate of 'D!
quality steel about 4 ft. x 4 ft. x 1 inch thicke The plate was

rigidly supported in a target frame and could be moved about a horizontal
axis to give different angles of attack. 'D' quality steel has a low

impact 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 4. tons/sqeinch
Least acceptable elongation 17% in 8 inches
Must pass bend and hot forge gests
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Double Target representing a Submarine (Trials 2a to 2¢). 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 nommal to their surfaces; both plates could be angled
together about a horizontal axis to give any required angle of attacks
The plate first struck - called the 'front' plate and representing

the superstructure of the submarine - was of mild stecl 3 fte x S fte X
§ inch thicks the rear plate representing the pressure hull was

4 fte x 4 fte x 1 inch thick or 4 fte x 3 ft. x 1 inch thick of 'S!
quality steel which must conform to the following:=—

Cazbon COntent e v sevscee 0020% (Max.)

Silicon H Secevcevvne 0.3)5% P

Manga:lese Se e OQ% EMjntg

Su].P}Iur AL BRI A Y ) 0006% o

Phosphorous vessereses Op06% "

Yield POin.t escecesssee 18. 5 tOHS/SQ'Q inch (Mino )

Ultimate tensile strength 30 to 3)4 tons/sqe.inch
Blongation in an 8 inch length:-

ga; Test Pieces OVer 10 lb eeseconvee 20% (Min.)
b i o ey " @esccrcsvoe 18% "

Must pass bend and hot and cold forge testse

Recording

(a) Speed of strike on First Plate: Timed Electric pulses were
produced as the rocket passed points on the runway: the resulting
curve was 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,

(c) Angle of Strike on Rear Plate of Double Target: Obtained from
kinephotographs taken by a flank camers.

(a) 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
dimensioned background.

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

Classification of Damage: In the case of the double target, the § inch

front plate was always holed, and the damage recorded is therefore that
suffered by the 1 inch rear plate. This is classified as follows, and
the abbreviations are those used in the tables:-

10



APPENDIX B (Contd.)

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 area of a 2 inch hole.

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

Scoop (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".

|
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APPENDIX C

TECHNICAL DETATLS OF LESS GENERAL INTEREST

V2 Method of Assessing Critical Striking Speed for Lethal Damage
to 1 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 graphs 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
values 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 strikes The
scheme was abandoned, and the critical speeds were assessed directly
from the graphs Figs.6 to 11,

Loss of Speed through £ 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 compareds 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

Tkis equation is compared more directly with the experimental results
in Fige1), and is used to assess the striking speed on the second plate
of the double target when this speed is not actually recordeds There
seems to be no systematic difference between the performance of the
various heads in loss of speed through the front plate.

Attack of 1 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 Fige15 and & De Marre curve is fitted as
before,

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 1b. and d as 3.25 inches:—~

Value used for:-

Fig, Head Type Target t Log C
6" D Single 1" D steel plate 1 inch 56868
7 D Complete double target 1375 ine 5e 800

15 D Rear plate of double target 1 inch 5868

Note™ Whereas in Figse7 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 Fige6 the same value was used as in Fige15
to see whether any comparison was possible.

The agreement between the calculated and experimental curves in
Figse 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 Figse7 and 15
are si?ﬁ_f‘icant (they correspond to C = 631,000 and 738,000 respect-
ively. The inference is that, at any given angle of strike s a double

12
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APPENDIX C (Contd. )

target of 3 inch mild steel plus 1 inch "S" quality steel can be
defeated at a lower striking speed than can a single plate target of
"S" steel 1% inch thicke This difference might have disappeared
if the front § 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 materiale In Fige6, the success at 59 degs. and 507 ft/sec.
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.

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 forward

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 thenselves strike the plate, 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
cancels

(b) Effect of a Choke in a Reduced Charge Motor: The choke weighs

2 1b 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 rockete 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.

Performance of Motors and Retardation on the 600 ft. Pcadine Runway:
Tables 5 and 6 are included for reference in arranging future trials;

details of the motors are given in Appendix B.

13



TAELE 1: Results of 1950/51 Trials with Heads types B, C

- —

A — —— — — . " ———

Wi R - Demage to 1 inch I
Dete Round () (a) (e)
of Number -ngle to | Speed of
Trial Nomal | Strike Pescrdption
£t/sec. (Dimensions in inches)
Ti1s 1(a): Results with Head Type B (60 deg. Douhle Cone
“ P T T e T S b i
Ierch 1950 5 39% 616 3% x 3 hole and splits
n 6 408 663 3% x3 " n "
April 1950 $2 48° R zx3" . '
1" 14 wo " 4"12' x l_é. n n 1"
" 16 l|.80 614-0 :"T x 511_ " " 1
" 10 520 599 105 x 2% hole and plate split in half
" L 599 609 Scoop only :
T.ILE 1(b): Results with Head Type C (90 degs Double Con
Tebe1950 1 > 624 3 x 3 hole zn” splits
. 5 159 611 3% x 3% " " large split
" 6 30° 620 Scoop only. Target frame collapsed
l.arch 1950 3 399 649 2 x 3- hole
" I 395° 651 6 x 95 hole 1
Lpril 1950 13 48° 620 4 x 4r hole and cracks
1] 15 l&-80 609 5:7]_: x 7 " " " |
" 17 480 606 3_}1 x i " n "
" 11 520 621 ‘ 9‘% x ¥ " " ]
" 9 59° 633 Scoop only
T.ILE 1(c): Results with Head Type D (Truncated Core rig.
sy
Peb/liarch 1951 12 3° 1025 9 x 8‘? hole
Teb. 1950 2 30 i NR T3 »  andsplit
; 4 150 635 a4 .
" 3 233° 545 Scoop only. Targei frame collupsed
Mare 1950 1 300 667 3 x 3 hole
o 2 400 661 3L x 30
Lpril 1950 1 1,8° 501, 32 x 3+ hole and split ¢
Peb/liar.1 951 9 56;—0 1031 29 12 o " large splits
. 10 577 999 13 x5 "
» 11 56° 999 10 x 5 hole
spril 1950 2 59° 507 3% x 3% "  and cracks
" 5 590 609 BZ x 3?_ " " n
" 6 59° 647 43 x 2§ "  and two large cracks
4 7 59° 613 3: x 3 " and cracks
" 8 59° 617 3 x 2 hole and large crack
Feb/liar. 1951 6 609 1021 Centre of plate knocked out
" B 60° 1099 Scoop only
" 8 63° 1008 Plate broken up
" 4 64° 1014 Centre of plate knocked out
" 5 64° 1025 Scoop only
i 3 B 7 1022 Scoop only
. 2 | 767 1029 Scoop only
|
#T%: Perfe = Perforation  IH = Lethal Hole H = Hole (Smaller than lcthal)



_and D (Figs.1 to_3) against a single 1 inch 'D'

Steel late

S = Scoop

NR = Not recérded or not recovered

. &3 MR <R 2 SR S P e e G L 3 3 e
get Plate ; () !
(£) (2) State of Recovered Head and ’iemarks *
Louivalent sssess-
Hole diae ment l
(ins. ) |
] - ttats 5 o eI By s - p— ....-l‘.
= figed) i
5 Perf, Intact —-'-
3 Perf. 31light damage to point L
3—%— Pext, Cracked half along taper and slightly bent '
I Perf, Most of taper broke off l
4 Pexf, Intact !
5 L. H. NR
- S NR
i < LA R S
e = Mipe2)
3 Perf, ‘ Heads were not hardenecd, and no record remains of
| 35 Perf, . their condition after recovery
- S
3715 Pexf. Intact
i 4 Yerf. , Intact
N Perf, i Intact
6 | Perfe l Intact
33 i Pexf. Intact
L Ld | mr
- S | NR
b T — - — -.—-qr
3)_ = Scrvice Interim Head
Lo s s AR b i y s 425 PEREN R NP S P ——— N
l 83 Perf, Very slightly bent, otherwise intact
' 5 Perf. g Heads were not hardened, and no record remains of
8 Perf. | their condition after recovery
& 3 .
3 Perts ! Intact
511 Perfse | Intact
35 Perf, Half taper broke off
20 l Perf, Point bent round about 45 deg.
7 Perf. NR
T Perf, Point damaged and bent
}% Perf. Intact
3-;- Perf. NR
ry Perfe Head broke up
3% Perf, lost of taper broke off
2 LH i NR
20 Perf. NR
- S NR
- LH NR
20 LH NR
- S NR
S NR
- S NR




Table 2:

1953/5) Results with The Interim Head (T

ageinst a Double-Plate Target Re

——

(a) (b) | Strike on £ inch Damage to 1 inch Rear Plate
e Round . Front Plate
of No. { (o) 1 &) | (e)
Trial | Angle to | Speed of Description ‘Equival
| Normal '  Strike | (Dimensions in inches) Hole
b ‘ . (£t/sec) - (ins.
ipril 53 | 8 f In 350 . Head stuck in plate 23" through, Plugged
| " | no cracks i
P i 9 ‘ " "~ (350) Head stuck in plate 33" through,: "
‘ no cracks
" 10 o o 470 3% dia. hole | 3%
ipril 53 | 14 | 29° 460 | Stuck in plate 85" through, two 'Plugged
i 4" cracks :
: " 12 . 470 Hole 3% 3%
Dece 5. 13 | 349 336 2% x 2% hole, head stuck Plugged
" 1 " 1, 27 x 3 hole
| :
April 53 ' 13 | m°° 79 | 3% hole $
; 14 407 830 | 3
" 15 " 995 . 37 x 3% hole 3z
Ii— '
f Dece 54 9 43° 349 Point stuck in plate Plngged
g o 10 ” . 338 13 x 13 hole 14
P 11 " - (460) 23 x 3 hole 22
| " 12 " (460) 2L x 3 hole 22
b e e e e e e
' Apd1 53 16 1,8%° | 785 3% hole 33
e 17 4809 P e 3¢ x 3% hole 3%
Lo 18 4% . i A0BRE Tt B By 3%
!L B o e A SRR RS SIS AR R VISR SIS STSL SO (|1 0 IS R SNBSS T
. Dec. 54 : | 50° | 469 | 3 x 3 hole 3
| " 8 L 500 437 Stuck in plate 2" through Plugged
| 2 : o i e
! T 10 | '
. Oct. 54 19 51% i 600 | Scoop -
R 20 " 599 ; 5% x 3% hole 5‘§
R 33 23 e | 57 x 4 hole 3%
' o 18 joic M 788 4 x 4 hole 4L
| Dece 5k 5 55° 578 | 3% x 4 hole 33
. 6 . 585 Scoop and cracks through -
| ¥ Y
| Octe 54 8 563 [ 790 3% x 43 hole 4

" 43 57 | 590 L x 3% hole ok
A : IR e L R iR
sprdl 53 19 59° Lo 780 | 3. hole -

oo it s Tk e e R ..¢.._ HEAE R .-..._Tl,_ = BRI T R R
April 53 20 60%° 770 | # x 2L hole I
Dece 54 .3 ' 60 788 i Scoop -

" I " i 8 3% x 5 hole Ly
Qth 54 7 gl 989 o ralh. 14:1; hole., ide 2‘;— crack Fith e
ipril 55 21 . 60F% <} 4005 7: x 2% hole [l i
Octe 54 1 17609 | 1087 7.x 3" hole { 5
_pril 53 1 i 60% 1105 57 X 3 hole and small crack f I

s | L
L¥:  Perf. = Perforation LH = Lethal Hole H = Hole (Smaller than lethal)
NOTE: Tirures in brackets are derived by averaging or other than by direct me
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D Fig.3 - Truncated Cone in ST: 144

resenting a Submarine

|

B —— St v — e ——— et e g —

steel)

l

(n)

| Stxike on 1 inoch

Head after exit

o i Rear Plate __from rear plate [
1 i State of recovered head | (1) | () (x) iy
ent | .ssess- ' ingle to. Speed of ingle to Exit '
. | ment . Normal Strike Horizontal: Speed
- i = (£t/ 3?_9) A | (£t/ s_ec)"w
! Stuck  Intact (£°) (302) - -
: !
; ¢ oy e - i
Perf. " . &9 (405) i B
] e o
Stuck  Intact R 29°) (397) i ' A f
; |
Perf. " (29°) 405 (30D) | MR - very low
Stuck " 229 - . (290 NR NR ,
L.He " . 405 " "
| ; : ;
Perf.  Intact My e (30°) | NR
" " . 370 716 0° 35%
S NR o (858 (27°D) : | 8
- ] |
{ i ‘ {
Stuck  Rest broke away leaving point, . i 301; R Ll
Hole Intact (drepped between 16 bo(291 " ' "
plates) | . :
L. He Intact ( in'front of first | 24 e e ! i :
plate) : ) | ‘ :
L.H.  Intact ( aitto) ) | SeE e L b |
| GRS . s RS S i~ T - ',.._ i Dt oo m———— e . — _;
| Perf.  Intact - ae® | 6D | 33% W !
" " 47%° L (664) 22% 168 :
; s 505° . (867) 18°D ' 891 j
NS (T SO BSOS Ssleg e e 2o it RS JEs LR
|
 Perf. Intact o (401 MR . NR
. Stuck . Half cone broke off on B . (377 " ! " |
; | removal | '
' Scoop , Yost of cone biroke up 49%° (517) ° - ‘ - |
Perf. i Intact z.zp‘g° (517 MR PR
Perf. ! Intact A 498 MR 'R - vexy low |
'Perf. | Point broke off 484° 672 10D i 506 i
: e e e e e e e
Perf. ' Small piece off point 48° 385 ™ . '
jH&s MR ' 48%° (504) : ,
'Peyf, . NR | 530 699 31D o
Perf. | Tntect | -39° (509) | “wp e - low :
Ea 5y S AIGR S — l K i ‘ '
AJ ] aeten g —
. Perf, . Intact IT 59° (673) 42 i 510 ;
' ﬁf s aien — Tf -l c——- e . !
'IH& S ! MR | 61° (664) | - il '
' Scoop . Tmtact ! 594° (679) | wm MR
{Perf. , MR - s Lk ' : |
gotts . | MR ;588 | 826 . o° 702 f
IH & 8 | Troke up 58-1?-0 o f8el - | - o= ‘
'Perf‘. , Point broke off 57%° , 937 i 09 412 |
Perf. i Intact (60%) i 253 I 49D 1042 ;

—

D = Nose down



Table 2:

1955/54 Results with the Interim Head (Type D Fi.

against a Double-rlate Target Repreientin- a Subn

e et e . e o S i i ol 9 TR
(a) (b) Strike on % inch Dama.ge to 1 inch Rear Plate
Date Round Front Plate
of N £ i
| Trial hes (o) i (@ (e) i e
| Angle to | Speed of | Description Aguivaler
| Normel | Strike (Dimensions in inches) Hole dic
! (f£t/sec) (ins. )
I alf i
pril 53 | 2 614° 965 6% x 3% hole 4
] e —
April 53 | 22 65%2 790 5% x 1% hole and long scoop | 3
" 3 65 . { 1400 ).,. x 2 hole and scoop : 3
. 23 65% 1015 5; x 2% hole and scoop i 4
" l 3 " 1105 5 x 2;1: " " ! 515
| 4 e G S il o
| ! |
April g3 5 66‘%° 1100 43 x 3% hole v &
" 2l 66 . 1000 8 x 3 hole and scoop f 5
e -
April 35 | 4 69° | 1000 Scoop only: no hole "
" & 700 ! 990 " " " o
i £ |
KEY: .s in previous page

NOTE ;

" " n LU



3 - Truncated Cone_in STA-14A Steel)

arine (Contd.)
T (h) . Strike on 1 inch Head after exlt |
l State of Recovered Head g purs Aoy : ity m_a»r T l
(& | @k g e R
t | Assess~- l ' Angle to Speed of | Angle to i  Exit
ment Normal . Strike Horizontal f Speed
‘ . (£t/sec) | (ft/sec)
i ‘ H
Perf. | iroke up (6887 | (a9) | 10°w in”
IH& S | Droke up | 665° ‘ LB 3
" : NR ‘ (65 ) b (949 1 - "
" ! Lroke up i (875 ; i "
i | NR (65§°) i (953 - -
s " o 1 TR SRR i b [ RS (PRSI S
t
Perf. | Intact (66— ) €949; B 887
IHé& S | Droke up 650 82 | - -
| il
Scoop ! Intact 56903 $8623 - -
"~ | Intact 70° 854, i il
L i 11 2l
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Table 3: Results with Head Type D Fig.3 (Truncated Co

. a———

5Ti 10 against a Double Plate Type repre:

TR

(a) (v) Strike on § inch Damage to 1 inch Rear Plate
Date Front Plate el “
of (o) 7 (£)
Trial ' Round «ngle to Speed of | Description ' Equival
. Number | Normal Hsle D:
‘ | (Dimensions in inches) (ins)
Oct 54 32 . 51° Wi -
" i 25 " !
" P17 " : 4 hole and cracks ;43
i ;
Oct 54 | 45 56° g stuck at full diameter | Plugged
" l INA " ! X lp!z' hole and cracks i 38?
" b 9 | . x 5 hole and cracks i 4
~ e Pl e e
| Oet 54 | . 6 60° | . 2 x 33 hole and scoop 23
Dec 54 | 1 " | ; }% x 7 hole and large cracks | 6.
T " ; ! 2% x 4 hole and scoop f a
. Oct 54 I 12 61° . Scoop - cracked through ! -
+Y: As Table 2

NOT.S: ..s Table 2




e) in altemative materials:
eiting a Submarine

e i i e L B S S
(h) Strike on 1 inch Head after exit !
Ll ' Rear Plate from Rear Plate
(&) . State of Recovered Head | R (3) ; (k) ; (1) ',
nt| /.ssess- | ' Angle to  Speed of ingle to  Exit ‘
a. ment . Normal ' Strike = Herizontal Speed :
B | - ft/sec | ft/sec
. Pexrf : Intact weg? 494 NR 'NR - very low .
| Pexf | Intact = b Y . . ) ;
. Pexrf  Intact | 533 926 " 'NR - low !
1 ! e o1 b o
gt;ok ] I?%ight damage to point | 51 2N zggg MR NR f
' Pe ! I 5 ; : dom 542 |
| Pexf | Intact 51° L .. 155 domn | 877 :
’ ; j: e S il o SIS SRS |2 LIS RIS
TIL;I{&S | lg;ne broke up 5 12 ! 811 NR A NR '
; | 5 904 NR "
'IH & S ! Cone brcke up Ggg ; 2935; NR l NR
iSoOOp | NR 565° | 1023 : NR ' NR
4 3 s i J £
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e — o

T.JLE 4:- Results with Double~Cone Heads: S0

- -

— o —

- ——

——— —

1 &5 2 | _
LA (b) | Strike on % inch | Damage to 1 inch Rear Plate
= an Front Plate !
|, of | Ramd [ (g @ | (e) [ Tty E:
Trial Number | ynme to | Speed of Description ' Equivalent
‘ Normal Strike (Dimension in inches) | Hole dia | Ass
(£t/sec) | L (ins.)
Results with Soli
Oct 5. 13 50° 1022 3% x 55 hole Lx Pe
. 30 5130 575 | Scoop o S0
. 21 5"§° 807 3% x 3% hole 3% Pe
. 39 56 780 3 x 4 hole 3% Pe
" x| 56° 733 3coop - Sc
" 34 56° 1069 3% x 5 hole 1 Pe
5 2 60° 993 2 x 2 hole and scoop 2 LH ¢
. 8 60° 1004 | Deep Scoop - Sc
Results with Fig.
Oct 5. 1 50° 1039 3% x 4 hole plus 5" crack i Pe
" 31 51%° 586 3 x 3% 3 Pe
" 22 51‘g° 797 |3 x i L Pe
» 40 56 720 Scoop - Sc
" 42 56° 795 3% x 4 hole ok Pe
" 35 56° 1044 | 3+ x 42 hole A Pe
. 3 60° 1080 2 x 3 hole and scoop 2% LH &
" 9 61° 995 Scoop - Sc
Results with Fig.;
124 i ——
Oct 54 15 50:’0 1062 31 x 8% hole 52 Pe
4 25 51: 799 Scoop - Sc
" 26 515° 780 Scoop - Sc
" 28 51%° 784 Scoop - Sc
" 4 60 1004 Scoop - Sc
" 10 61° 1005 Scoop - Sc
Results with Mig.
o T
Oct 54 16 50‘1’ 1005 3% x 4 hole 3% Pe
* 24 517 790 Scoop - Sc
" 27 51%3 802 3 x 4 hele 3% Pe
" 29 52 790 Scoop - St
. 36 56 1015 Scoop - Sc
" 5 60° 985 Scoop - Sc
" 1 61° .| 108k 3 x 6 hole I Pe

XY

NOTE:

As in Table 2
Lis in Table 2



@

™ e —emempe e et e s it syt | ARSI RS S
(n) Strike en 1 inch Head after exit
Rear Plate from Rear Plate
2) State of recovered head ‘ (1) (3) (x) (1)
‘ Angle to Speed ef Angle to Exit
ssment ’ Normal Strike Horizontal Speed
a3 (ft/sec) (£t/sed
| Head Figel
S b B s ! e
| | ) o
fe Loth cones broke up lw1 A 909 0 733
op  ({Uroke up, LR bz 503 NR NR
f. Toth cones broke up 467 706 NR NR
rfs Front cone broke up 5§° 648 33° dovn NR
op [Half front cone broke off 51.:;° 673 38° up 545
rf. Front cone broke up 55;'0 913 0 757
S Toth cones broke up 57§° 92l 50° up 625
op [Point broke off 59 (866) 39° up 707
5 Head with Hardened steel Cap
e e = e .Tr..... SENSRICREN % i CORHRRIET Rt
e Cap NR, body broke up 45 664 NR NR
f. |Cap NR, Slisht demage to point of 3,° (505) NR NR
body
rf. Cap NR, half body cone broke off 47‘§° 665 NR , NR
oop  |Cap NR, 3light damage to point of 555° 684 44° up 552
body
rfe Cap N, ditto 55! 730 NR NR - very
low
. [NR 5% 965 12° down 776
S Droke up : 58 (931) NR NR
oop |Cap NR, body point slightly damaged 59% 780 L.z.1c>° up NR
5 Head with kild Steel Cap
rf. |Cap NR, body intact 53% 765 o° 823
oop |Cap NR, body intact slightly bent 525 (689) 50° up 603
oop Cap NR, body intact 51% (673) 44° up 553
cop |Cap NR, body intact 59 (676) NR NR
oop |Cap flattened, body NR 57 735 NR NR
oop |Cap NR, body intact 63% 812 32° up 737
A o &
5 Head with Cast Steel Cap
£. |NR 51% 814 10° up 656
oop |Cap NR, body intact 55 2681 43° up 375
rf. |Cap NR, body intact 52 692 NR NR
ocp |Cap NR, body intact 561? 706 50° up NR
oop |NR 60z 839 NR R
oop [Cap NR, body intact 582 759 35° up 896
rf. |Cap NR, body intact 61% 667 14° down 725




DAL 5: 1953/54 Resulis with sull and Rcduced Charge Rockct iot
sotor Type Noainal Nuaber Fired in ifean Recorded iean
“Speed 1953/54 Trials Spced at end of error
£t/sce Runiay ft/scc. . ft/se
r-—-..-. R —
J 1000 35 1033 35+ 46
G 750 2 (plus one dis- 790 8.92
rcgarded)*
K 600 10 588 5. 50
I 500 6 2p1us 2 NRB 463 9 Uil
H 400 L (Plus 1 MR 343 625

Notes: ™ (1) For cach typc of wotor, the arithmetic sua is found of tho diffc
the result is divided by the number of motors in the group and t)

: S, j 3 A
(ii) oOne motor in the 750 ©/sec. group vas recorded as having o specd
way have been a mistake,

T : 5 : !
(iii) The lerge mcan crror of the 1000 it/sec motor may have deen couse:
observed in ccrtein cases.

TIoLE 6:

Dcecleration on the 600 fect Rumay in the April 1953 } 3

This trble is extrected from C.E.. D.'s couments on tiial 58/53 fircd in ipril
suggestod that the table below may be of gencral application for rough cstinetos «
is causcd by friction between the rocket saddles and the runay and vy air resist:

——e

Retardation of a rockc¢t on the Ferdinc 600 = fo

Spced of Rockct in rt/sce.

300

400

-

5

Retardation in £t/ seo

27

38

e e

5

Noteg:

Retardation was only caleculated for the Jp



ﬁ

rs ith 25 1b. Heeds fittcd fircd on the 600 foet Pendine Rumway

Reaeorks

—— e —

Jiiotor heated to about 130°F beforc firing to ensurc thet it would be all
)burnt on the rumway.

Motor not hcetcd
"

cnees butirecn the mean spoeed of the group and the actual speed of each wotor;
¢ result is the mean error.

of 720 f£t/sec.vhick was disrcgarded because it appcared to be quite excoptional and

by somc rcaching the cnd of the rumray while they were still burning. T .is was

.—

rial
1953s CelisiiaD.'s rcfercnce is DB(T)96 of 27.11.53, paragraph 6, where it is

f the thrust requircd with any rockect fircd on this runvay. The rctardation
NncCe ‘

S

t Runvay
600 700 | 800 900 1000 1100
86 126 173 228 300 400

11 1953 tricl for which additional rccords were supplieds
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P5/8382/117 ROCKET HEADS USED IN PLATE TRIALS
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