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Thank you for your assistance. 
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ABSTRACT 

Weapon System - The requirements tor a firing control system for the multi-gun ONTOS 
weapon system are presented. A simplified, single package electrical control system 
developed by Firestone is illustrated and the features are discussed. 

TU9 Projectile - Ten projectiles with double "O" ring obturators were fired from a 
smooth bore tube to determine the effect of obturation alone upon the accuracy of 
the projectile.    The test results are given. 

Nineteen projectiles with grooved nose caps (previously tested for impact sensi- 
tivity) were fired to evaluate the effect of the nose cap design on projectile accuracy. 
The test results indicate that the nose cap design does not have any detrimental effect 
upon the accuracy of the projectile. 

Seventy rounds were fired to study the fin opening mechanism. A new piston stop 
design is illustrated. The series of tests were fired to establish the proper amount of 
interference between the stop and the housing. The dimension limits on piston and 
housing diameters that will permit consistent functioning of the tail assembly under 
the most extreme conditions arc determined from these tests. 

T171 Projectile - Four accuracy programs were fired at Erie Ordnance Depot in- 
volving T171E10 and T171E11 projectiles at ranges of 1000 and 1500 yards. The test 
data are presented and discussed. 

TiZO Projectile - Dynamic tests for determining the performance of projectiles with 
spin compensating cones arc discussed. Preliminary firings with a projectile of the 
folding fin type were made to evaluate spin rate.    Further t«sts are planned. 

Six test bodies (for double body projectile studies) were fired with various wall 
thicknesses to determine the minimum wall thickness allowable in order to reduce 
weight.     The test results arc analyzed. 

Penetration Studies - A study of the effect of cone angle and flash tube diameter upon 
the standoff and rotational penetration behavior of 3-inch copper cones has been com- 
pleted.    The test data are given and the results discussed. 

Two series of tests were conducted under contract DAI-33-019-501-ORD (P)-16 but 
are summarized here because of the importance of the data tc this contract: (a) com- 
parison tests with "drawn" and "shear formed" P83580 Al cones, and (b) performance 
tests with double angle tapered wall copper cones. 

1 
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THE  WEAPON  SYSTEM 

k 

I 

ONTOS Firing  System 

Preliminary tests of the multi-gun 
ONTOS weapon by the using services em- 
phasized the need for: 

1. An indicator system to serve as 
a memory for the gunner. This indicator 
preferably should tell the gunner when a 
rifle is loaded and when empty. 

2. A simpler and more reliable firing 
mechanism. 

3. Better protection for personnel 
when loating and closing the rifle breeches. 

4. Complete interchangeability be- 
tween BAT and ONTOS rifles. In an effort 
to meet these requirements, several dif- 
ferent systems have been manufactured 
and tested but have enjoyed only limited 
success. 

The system3 tested have employed: 

1. A breech operating mechanism con- 
trolled from the inside of the vehicle. 

2. An auxiliary firing system. 

3. An auxiliary attachment which in- 
dicates when the rifles are fired. 

It is understood that the breech operat- 
ing mechanism is required for  safety 
of personnel only.    For example,  in the 
T170 rifle the breech is closed on the loaded 
she" with a cocked firing pin and a mal- 
function can fire the shell as the breech 
reaches the  locked position^    This con- 
dition is pardcularly hazardous when work- 
ing with a multi-gun system and has so 
far been overcome by the use of a breech 
operating mechanism which allows the 
personne1 to remain under cover when the 
breeches are closed.    All of the firing 
systems have provided a rra*chams;ri which 

operates through the cable system fur- 
nished with the rifle. In order to accom- 
plish the desired result the mechanism 
becomes complicated. The most suc- 
cessful indicator system tested so far 
required a hole through the rifle barrel 
and auxiliary attachments both at that 
point and inside the vehicle. 

In order to simplify and improve on 
the systems now being considered, Fire- 
stone has developed and tested a simple, 
single package electrical unit which meets 
all of the requirements listed in paragraph 
one. This unit (Figs. 1, 2 and 3) replaced 
three (3) items on the standard T170E1 rifle. 

a. the firing pin 

b. the firing pin cap 

c. the firing pin spring 

The changeover can be accomplished in 
less than cne (1) minute and is fully re- 
versible. Thus, the rifles may be changed 
back and forth and fired either with the 
electrical unit or with the standard per- 
cuss ion-unit. 

The  operation of the new unit, is as 
follows: 

a.    Firing 

A firing pin without a sear lobe, re- 
places the standard firing pin. When the 
breech is opened and closed this firing 
pin rides the cocking cam up and down. 
Until the' breech is safely closed the cock- 
ing cam provides <x barrier which pre- 
vents accidental firing. Thus, with this 
ur»it the breeches arc closed with an un- 
cocked firing pin. Under these conditions 
it is believed that the breeches can be 
closed manually with safety, thus eliminat- 
ing the need for the expensive mechanism 
now used to operate the breeches from 
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inside the vehicle. In firing the rifies 
the firing pin is driven forward by a sole- 
noid. 

b.    Indicator  system 

The indicator system operates off a 
cam attached to the rear end of the firing 
pin. A small on-off switch is actuated 
by this cam. Thus, if the breech is closed 
on an empty rifle (Fig. 4) the firing pin 
is pushed all the way forward and the cam 
operates the switch lighting a light in the 

control panel. If the breech is closed 
on a loaded gun (Fig. 5) the firing pin 
comes to rest on the primer and the cam 
again operates the switch and turns off 
the light on the control panel. When che 
rifle fires (Fig. 6) the primer is driven 
rearward by the chamber pressure. This 
force is sufficient to carry the firing pin 
rearward ;->nd again the cam operates the 
switch and lights the light in the vehicle. 
Fig. 7 is the wiring diagram and Fig. 8 
shows the control panel in the vehicle. 

Fiq.   I.     Solonoid   Firing   Assembly 
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Future  Program 

1.   Continu*: test firing of ONTOS firing 2.    Investigate the effect of obturation 
system for reliability of solenoid firing of proof slugs (with annealed copper ob- 
unit and projectile indicator unit. turating bands and rubber "O" rings) on 

the interior ballistics of the 90mm Test 
j Rifle. 

S 
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Til9 PROJECTILE 

\ 

i 

a 

Projectiles   With   Double 
Obturators 

Ring 

Projectiles with two "O" ring obturators 
have been fired for spin measurements 
from a tube rifled l/20 (see Forty-First 
Progress Report) and it has been sug- 
gested that the higher muzzle spin which 
results from the double obturator should 
improve the accuracy of the T119E11 pro- 
jectile. It is also likely that the double 
ring will improve the obturation and this 
alone might improve the accuracy also. 
The effect of the increased obturation 
upon accuracy has been determined, in- 
dependently of the increased spin, by fir- 
ing ten projectiles of this type f^om a 
gun with a smooth bore tube. 

Ten T119E11X projectiles, each with 
two "O" ring obturators and having short 
fins (6.92 in.  long) were fired from a 

smooth bore tube fixed in a rigid mount, 
at an 18 ft by 18 ft target at 1000 yards. 
The range data are presented in Table 
I, All ten projectiles struck the target 
with probable errors of dispersion of 
±.52 mil vertical and ±.37 mil horizontal. 
However, because of the unaccountably 
large dispersion in muzzle velocity, a 
vertical probable error, corrected for 
velocity, was calculated. A plot of verti- 
cal impact versus muzzle velocity is 
shown in Fig. 9. A correction factor 
determined by the least mean squares 
line, shown in Fig. 9, is 1.1819 in/fps. 
A vertical probable error of dispersion of 
±.31 mil is re-calculated with the use 
of the correction factor. 

A similar group of projectiles will 
be fired for accuracy, from a tube rifled 
l/20, in order to determine the effect 
of spin. 

Fig. 9.    Vertical   Impact Versus Muzzle Velocity. 
Least Mean Squares Line for Correction Of Vertical  Impacts 

for 10 TII9F.IIX Projectile;. 
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Accuracy Of T119E11  Projectile With 
Grooved  Nose Cap 

A grooved nose cap, shown in Fig. 
10, has been tested for impact sensitivity, 
using T119E11 HEAT shell (see Fortieth 
Progress Report) and the effect of the 
grooved cap upon accuracy has now been 
determined. 

Niieteen TU9F.11 projectiles with grooved 
nose caps were fired for accuracy at an 
18 ft by 18 ft target at 1000 yards. The 
range data are given in Table XI. 

Three rounds were used to establish 
the proper propellent charge and all of 
the remaining sixteen projectiles struck 
the target with a vertical probable error 
of ±.35 mil and a horizontal probable 
error of ±.36 mil. All of the projectiles 
were reported to fly well even though the 
fin markings left in the target by one round 
indicated that the fins were not completely 
opened. This test shows that the grooved 
nose cap does not have any detrimental 
effect upon the accuracy of the T119E11 
projectile. 

\L 

U 
".A Fig.   10.    Grooved  Noje Cap. 

F;r.iton« Drawing DRA699. 

Table  II 
Range Data 

Accuracy   Of  TII9CMX  Projectile 
With  Grooved   No>e   Cap 
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It was uecessau y to establish, by firing 
tests, the proper amount of interference 
between ttse stop and the housing. This in- 
terference is required to decelerate the 
fin opening action and to hold the fins 
open in flight.. If the interference is too 
great, the fins do not open completely; and 
if the interference is too small, the in- 
ertia of the moving components may dam- 
age the fins when the stop reaches the limit 
of its travel. 

Assemblies were made to determine, 
by firing tests, the permissible upper 
and lower limits of interference. Since 
the tolerance on the housing counterbore 
diameter is .004 in. ^nd the tolerance 
on the stop interference diameter is .002 
in., the range of interferences will be 
. 006 in. P.ather than manufacture new 
housings to determine the limits of in- 
terference, it was decided to use exist- 
ing housings and to vary the diameters 
of the stops to produce the desired test 
interferences. 

Three groups of assemblies, repre- 
sentative of tentative minimum diametral 
interferences of .006, .008 and .010 in., 
and three groups of assemblies repre- 
sentative of tentative maximum diametral 
interferences of .012, .014, and .016 in. 
were made. For the tentative maximum 
interference groups, 14S-T6 aluminum 
housings were used. The 14S-T6 mater- 
ial has been shown to offer greater re- 
sistance to full opening of the fins than 
does the alternative 24S-T4 aluminum, 
(See Fortieth Progress Report). The 
24S-T4 material was used for the tentative 
minimum interference groups. 

The extremes of the permissible piston- 
to-housing clearance were also incor - 
porated in the test*. The fin assembly de- 
sign tolerances permit pis ton-to-housing 
diametral clearances to vary from .001 
to .007 in. Again, rather than manu- 
facture new housings to the tolerance ex- 
tremes  of the base diameter,  existing 

housings were used and the diameters of 
the pistons were varied to produce the 
desired extremes of piston-to-housing 
clearance. 

Pistons for the .001 in piston-to-housing 
clearance were made from existing pistons 
by adding excess cadmium plate to the 
piston diameter and grinding to the re- 
quired diameter. The assemblies with a 
nominal .001 in pis ton-to -housing dia- 
metral clearance were hand fitted and were 
generally as fight a fit as could be as- 
sembled without force. These tight piston- 
to-housing fits were used with the maxi- 
mum stop-to-housing interference groups. 

Pistons for the ,007 in. piston-to-hous- 
ing diametral clearance were made from 
existing pistons by remachining to reduce 
the piston diameter and replating. 

These loose piston-to-housings fits 
were used with the minimum stop-to- 
housing interference groups. 

corporating the maximum stop-to-housing 
interference groups, were loaded with the 
normal propellent charge. These rounds 
were stored in a cold box to bring the 
propellent temperature below -40°F, and 
they were then fired from the 106mm T170 
El rifle. The rounds with fin assemblies, 
incorporating the minimum stop-to-housing 
interference groups .were loaded with a pro- 
pellent charge to give 115 per cent of the 
maximum rated pressure. The rounds 
were fired at ambient temperatures. The 
firing data are shown in Table III, 

Twenty rounds with a nominal . 012 in. 
stcp-to-housing interference were fired 
at temperatures be lev -40 F. Three of 
the fin assemblies failed to open com- 
pletely. Examination of the recovered 
projectiles showed tha-; the piston had 
galled in the housing base. The fits be- 
tween housing and piston were very close 
in all cases and these pi=>i.Gu:> o.iso haa 
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abnormally thick cadmium plating to pro- 
vide the required minimum clearance. The 
thick cadmium plating contributed to gall- 
ing which caused the failure of the fins 
to open completely. 

Ten rounds with a nominal .014 in. in- 
terference between stop and housing and 
ten rounds with a nominal .016 in. in- 
terference between the same two com- 
ponents were fired at temperatures below 
-40 F. Nine of the fin assemblies with 
.014 in. interference opened completely 
and one opened partially. Four of the tail 
assemblies with .016 in. interference 
opened completely, five opened partially 
and one did not open at ali. Again, a se- 
vere galling, which was attributed to the ab- 
normally thick cadmium plating, was de- 
tected on the only round with a nominal .014 
in. interference which did not open com- 
pletely. These results indicated that the 
.014 in. interference was satisfactory. 
The rounds with a nominal .016 in. stop- 
to-housing interference gave a higher rate 
of failure to open completely, indicating 
that .016  in.   interference  is too great. 

Ten rounds with a nominal stop-to- 
housing interference of .006 in., ten with 
a nominal interference of .008 in. and 
ten with a nominal interference of .010 in. 

were fired with a propellent charge to give 
115% of tine macirmm rated pressure at am- 
bient temperature. Eight of the assemblies 
with .006 in. interference opened normally 
and two opened in excess of the designed 
spread. All twenty of the assemblies 
with .008 in and .010 in interference be- 
tween stop and housing functioned normally. 

It is evident from these re suite that an 
assembly of a housing made from 14S-T6 
aluminum with a tapered stop which gives 
. 016 in. interference will not consistently 
give complete fin opening, when fired at 
temperatures as low as -40°F. The test 
results also show that an assembly of a 
housing, made from 24S-T4 aluminum, 
with a tapered stop which gives a stop- 
housing interferei ce of less than .006 
in. may result in fin damage when the 
round is fired at 115% of maximum rated 
pressure. 

An interference diameter of 1.824- 
. 00Z in. on the production stop, used 
with a housing counterbore diameter of 
1. 810 + . 004 in. will give interference 
limits of .008 in. to .014 in. These lim- 
its should permit consistent functioning 
of the tail assembly under the most ex- 
treme conditions of pressure to be en- 
countered and with either housing mater- 
ial. 
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Future   Program 

1. Accuracy firings are planned for the 
following three groups  of projectiles, 

(a) One group with short bodies, short 
ogives, rounded nose caps and T119E11 
tail assemblies. 

(b) One group with short bodies, long 
ogives, rounded nose caps, and T119E11 
tail assemblies. 

(c) One group with short bodies but 
otherwise standard T119E11 shell. 

Groups (a),  (b) and (c) will be tested 

to determine the effect of variable body 
and ogive lengths on flight performance. 

2. Projectiles with two "O" ring ob- 
turators will be fired frc-n a rifled tube 
for spin both at the muzzle and at the 
target,   and for accuracy at 1000 yards. 

3. Twenty T119E11 projectiles with 
gilding metal obturating bands are being 
manufactured. These projectiles will be 
fired for accuracy using a smooth bore 
tube. 

> 
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T171   PROJECTILE 
A change in nomenclature has been 

made for T171 projectile modifications. 
The letters MD, previously affixed to 
the modification number, have been re- 
placed with the letter E; the numbers for 
the modifications remain the same. 

Table IV contains the revised nomen- 
clature for the T171 projectiles; Table 
V lists the symbols used and the com- 
ponent parts. 

Table IV 
Revised  Nomenclature For T171   Projectiles 

F^>- 

TI7IE? TI7IE7 

TI7IE4 TI7IE8 

UZLES TI7IEI0 
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Table  V 
Explanation   Of  Symbols 
T171   Projectile  Modifications 

Symbol Title Drawing    No. 

DRH182-2 N. Smooth Nose 
N2 Conical Nose DRB183-1 
N3 
Bl 

Spike  Nose DRC328-1 
Body DRC193-4 

Tl Egg Cup Tail DKC31-3 
T2 
T3 

Finned Egg Cup Tail DRC175-2 
6 -Finned Tail DRC130-3 

T4 6-Finned Tail,   End-plated DRC132-2 

Accuracy Tests 

Four T171 projectile accuracy programs 
were conducted at Erie Ordnance Depot. 
Three of these programs were with T171 
E10 projectiles, and the fourth was with 
T171E11 projectiles. All of these rounds 
were equipped with nyion obturators (DRA 
14-1281), which imparts a spin of approxi- 

mately 19 rps (Forty-Third Progress Re- 
port). The projectiles were assembled 
in the shell cases as shown in Fig. 13 
with the projectile seated at the obturat- 
ing band, and the fins positioned with a 
nylon alignment ring, (DRA14-1280). A 
modified T19 rifle with, a l/20 twist tube 
was used for all firings, the target was 
18 ft by 18 ft for all programs. 

5" 

» 
\ 
/ 
rr~r- 

'• 

\ 

L,   

,.•-.       .-    •     -T 

V-'ii -: -.X.:    :---  I 

n^ 

r^ 

r^OSrnON, NQ     giNQ KoTATlNQ    5*NC 

a 

Fig.   13.     TI7I   Proiectile   In  Shell   Case. 
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T171E10 At   1,000  Yards 
(T19  Rifle, Rigid Mount) 

For this firing, the T19 rifle was placed 
on the rigid mount (Fig.  26,  of the Forty- 
First Report).    All ten rounds hit the tar- 
get,   giving probable errors of ±.17 mil 
horizontally and ±.14 mil vertically.    This 
group of rounds,   fired at an elevation 
of 23. 5 mils and 1. 2 mils left azimuth, 
with an average muzzle velocity of 1743 
fps s  had a center of impact .46 mil be- 
low, and .93 mil to the right of the center 
of the target.    No correlation was found 
between vertical hit and muzzle velocity 
variation,  or between horizontal hit and 
normal wind component,   indicating that 
the  dispersion of this  group is larger 
than the effects of wind and velocity vari- 
ation.    The average retardation for this 
group of rounds is .221 fps/ft.    The firing 
record for this progiam is found in Tablp 
VI,  and the target plot is shown in Fig. 
14. 

E N T ! A L 
T171E1Q At   1,500 Yards 
(719  Rifle, Rock Island Mount) 

For this firing of ten rounds the T19 
rifle was mounted on the Rock Island 
mount. The first round, fired at an ele- 
vation of 43 mils, hit 5 ft in front of the 
target. The elevation was raised to 45 
mils and the remaining nine rounds hit 
the target, giving probable errors of ±.28 
mil horizontally and ±.40 mil vertically. 
This group of rounds, fired at an elevation 
of 45 mils and average muzzle velocity 
of 1706 fps, had a center of impact .20 
mil to the left of, and . 61 mil above the 
target center (with azimuth reduced to 3 
mils  right). 

The larger than expected vertical pro- 
bable error is caused by round 9 falling 
below the rest of the group. An exami- 
nation of the firing record shows that this 
round had a muzzle velocity 22 fps less 
than the average for the other eight rounds 
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Center Honz.= +.93mii 
of  Impact:   Vert. =-.46mTI j   i 

Probable   Horiz. ±.17mil 
Error:        Vert.   + ,4m|| 

Fig.   14.    Target  Plot. 

TI7IEI0 At  1,000 Y«ro». 

•2:2. 

CONFIDENTIAL 



CONFIDENTIAL 

Tliis is shown clearly in Fig. 15, in which 
the vertical positions ot the hits are plotted 
against, muzzle velocities. Using the 
ballistic coefficient previously determined 
for this configuration (Thirty-Seventh 
Progress Report) the slope of the elevation 
muzzle velocity curve, for this velocity 
and range, is found to be .049 mil/ft/ 
sec and is designated as line A in Fig. 
15). Fitting a straight line to this data, 
(line B), a slope of .035 mil/ft/sec is ob- 
tained. It is then apparent that the pri- 
mary reason for round 9 falling below ihe 
rest of the group is its  low muzzle velo- 

city. Using the slope of line A, the verti- 
cal probable error becomes ±.23 mil; 
using the slope of line B, it is ±.30 mil. 
It is not intended to imply here that either 
of these values represents the probable 
error of this program, but to show that 
the approximate vertical hit on the target 
could have been estimated had the muzzle 
velocity been known, and to indicate what 
the dispersion would be with more con- 
sistent muzzle velocities. The firing 
record for this program is shown in Table 
VII; the target plot is illustrated in P^ig. 
16. 

t 

-\\ rttti 
I i: r tjli'esb] •• [\'r+ :-!4[ l-f[mqf;; m 

': :.':".'( : r1 '. I t    '     '*'' T   r' r    . •    .Hi >•'. t; J. 
htfMUZZLE   VELOCITY (fpsjffi i i '    • (4 I |i730ff+ 

-ft n: m man 

Tig.   15.     Vertical   Hits  Versus  Muzzle  Velocity. 
TI7IEI0 At  1.500 Yards. 
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Center     Horiz.= -.20mil Probable Horiz.- ,28mil 
of Impact-- Vert. = }.6!mil Error:      Vert.   ± ,40mi! 

Fig.  16.    Target  Plot. 
TI7IEI0 A» I.SOO Yards. 

I 
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T!7IfII   At   1,000  Yards 
(T19 Rifle, Rock Island Mount) 

One T171 Ell projectile was fired from 
the T19 rifle mounted on the rigid mount, 
and it hit one  mil from the left edge of 
the  target.     The   rifle was then moved 
to the P.ock Island mount,   so that it would 
be possible to compensate for wind vari- 
ations by changing azimuth.    The remain- 
ing ten projectiles hit the target,   giving 
probable errors of i. 11 mil horizontally 
and ±.30 mil vertically.    This group of 
rounds, fired with average muzzle velo- 
city of 1708 fps,  had a center of impact 
-18 mil above  and 1,15  mils to the  right 
of the target center,   (when hits are re- 
duced to an elevation of Z4.7 mils and 
2 mils right azimuth).    No correlation 
of target hits with wind velocity or muzzle 
velocity was found.    The firing record is 
in Table VIII and the target plot is shown 
in Fig.   17. 

T171E10  At   1,000  Yards 
(T19  Rifle, Rock  Island Mount) 

This program of 10 rounds was fired 
with the T19 rifle mounted on the Rock 
Island mount All ten rounds hit the target, 
giving probable errors of ±. 38 mil hori- 
zontally an ±. 26 mil vertically. This 
group of rounds, fired with an average 
muzzle velocity of 175 7 fps, had a center 
of impact, .01 mil below, and 1.21 mils 
to the left of the target center, (when tar- 
get hits are reduced to 22.5 mils elevation 
and zero azimuth). 

The high horizontal probable error 
can be attributed to the varying wind velo- 
city. The horizontal impact ic shown 
plotted against normal wind component in 
Fig. 18. The slope of the least squares 
line fit to these data i? .090 mil per mile 
per hour. Reducing the horizontal im- 
pacts to zero wind velocity,   a probable 
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errox of ±.27 mil results> which is in 
closer agreement with the results of the 
previous T171 E10 firing at 1000 yards. 

The firing record is in Table IX and Fig. 
19 is the target plot. 

•' 

I 

1 1 2 

0 9o . 
4^ 

1 

1 2 3 
-3 2 ,o$$ 

c.4. 7 o 
-1 

' -2 

Center   Horiz.- - 1.21 mil 
of  Impact Vert    -- .01 mil 

Probable   Horiz ± .38 mil 
Error:       Vert.   t.26 mil 

Fig.   17.     Targe* Plot. 
TI7IEI I  At 1,000 Yardi. 

Fig.   18.    Horizontal   Impact Vs. Normal Wind Component. 
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Center     Horiz.=-H.I46mil 
of Impact: Vert. =+.297mil 

Probable Honz.*.lI mil 
Error '     Vert.  ^.38mil 

Fig.  19.    Target Plot. 
Tl 71E10 At 1,000 Y.rds. 

I 

Future   Program 

1. Determine accuracy of T171E10 pro- projectiles for ranges  of  1000 yards and 
jectile,  as shown in Fig.  13 at 2000 yard 1500 yards. 
range. 

3.   Design and test T171 projectiles with 
2. Determine roll damping rate of T171 increased ogive  length. 
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TT20  PROJECTILE 

Dynamic  Tests  Of  Compensating 
Liners 

The problem of dynamically deter- 
mining the performance ot projectiles 
with spin compensating cones presents 
some unusual difficulties. The projectile 
must have a target spin equal to the opti- 
mum spin rate of the liner being tested, 
must not interfere with or reduce the pene- 
tration and must have a reliably accurate 
flight for at least 400 to 600 ft at spin 
rates ranging from about 25 ms to 100 
rps. The actual spir rate in any one 
test is determined by the cone whose 
performance  is being evaluated. 

The T138E57 projectile would seem 
to be an excellent choice except that the 
present tee design does not provide enough 
free space in front of the cone and the 
penetration is reduced. A new tee could 
be designed but since an adequate number 
of metal parts already exist this pro- 
cedure is not an attractive one. There- 
fore,  a cylindrical section has been de- 

signed for the T138E57 projectile which 
will fit between the tee and body of the 
present design and provide the added clear- 
ance required for penetration. Sleeves 
are being made and accuracy tests are 
planned. 

A sufficient number of T119E11 pro- 
jectile components are also available 
for use in dynamic penetration tests. 
However, the fins need to be redesigned 
so as to have an equilibrium spin rate 
equal to the desired target spin rate and 
the projectiles need to be fitted with ro- 
tating bands so that the shell can be fired 
from a suitably rifled tube at the spin 
rate being tested. Because of the large 
torque applied to the projectile by the 
rifling the fiiis «ould need Lo be strength- 
ened. This can be accomplished con- 
veniently by shortening the fins. Five 
T119E10 projectiles have been equipped 
with modified fins shortened to 4.93 inches 
and twisted to have an effective cant angle 
of 2.105° (DRD-14-489-3). The assembled 
projectile  is  shown  in Fig.   20.     These 

1 r •-> V 

*m 
% )r-h\ 

Fig.  20.     TII9EI0   Projectile  With   Modified   Fins. 
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five projectiles were fired from a T137 
E3 rifle equipped with a tube with a l/80 
twist so as to have a muzzle spin rate 
of 60 rps at 1700 fps. Four projectiles 
were fired through yaw cards for spin de- 
termination,two at screens approximately 
100 ft from the muzzle and two approxi- 
mately 496 ft from the muzzle. The spin 
data are shown in Fig. 21 and Table X 
shows the firing record. The fifth pro- 
jectile was equipped with a blunt nose 

and was fired through yaw cards into the 
recovery box. No evidence of fin dam- 
age was observed. None of the projectiles 
had any severe yaw but did have a notice- 
able right drift. 

These data show that the fins were not 
canted sufficiently to maintain the muzzle 
spin and further tests are planned with 
fins   canted approximately 3     and 4   . 

* 

* 

Rg.  21.     Spin   Data. 
RPS Voriu!   Rsnge. 
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Double  Body  Projectiles 

Various methods for reducing the weight 
of the double body projectile (Supplement 
to the Thirty-Seventh Progress Report) 
from 24 lb to 17.5 lb have Leen considered. 
One of the methods considered was to re- 
duce the wall thickness of the non-ro- 
tating body. It was considered desirable 
to determine the minimum permissible 
wall thickness. Pages 49 and 50 of the 
Forty-First Progress Report presents 
results of firing tests using projectile 
bodies with wall thicknesses of .220, 
.180, and .140 in. The latter of these 
represents a decrease in wall thickness 
of 17. 9% and a decrease in rear body 
weight of 44%. It was reported that none 
of these test bodies failed and further 
tests have now been conducted. 

Strength Of "Non-Rotated" Body 

In the present experiment six test 
bodies were fired with wall thicknesses 
of .120. .080, and .060 in. These are 
shown in Fig. 22. Their weight was ad- 
justed to 17 lb and they were equipped 
with rotating bands. A modified TJ9 rifle 
with l/20 twist tube was used for the test. 

Nominal muzzle velocity of 1700-1750 
fps was specified.    Table XI is the firing 
record for the test.    All rounds showed 
some degree of failure as shown by pic- 
tures,    Fig.   23.    Stress analysis cal- 
culations have been made and the data are 
presented in Fig.  22.    The data disclose 
the fact that these projectiles were all 
over stressed and should fail in the ob- 
served fashion.    However,   it should be 
pointed out that even though the  setback 
calculations for projectiles TS-39 thru 
TS-44,   as reported in the Forty-First 
Progress Report,  clearly showed a mar- 
ginal safety factor,  and that no visible 
signs of failure were found,   a complete 
stress analysis was not made until com- 
pletion of this program.    The results of 
the combined stresses as plotted against 
wall thickness,   Fig.   24,   now  show that 
even the .140  in wall has borderline  st- 
rength and  therefore  a minimum waii 
thickness  greater  than  .140  in must be 
selected. 

A sample calculation rr.:de at sect. B-B 
indicated the resultant stress would be 
lower here than at sect. A-A, therefore, 
stress calculation at this section for re- 
maining rounds were not made. 

• 

I 

Pro). 
Number 

Woll  (W) Stress     Colcuiat 01s  Ipsl)      Sect A-A X 
(In.) 

Stress Coiculatlons   (psi)     Secl8-B 
iThick. (In.) Set-bock Hoop j    Radial      | Resultant   1 Set-back Hoop Radio i Resultant 

TS-43 DRC-643          j      .22C 29,200 76,840 11.000   !       58,000 1.67 
TS-40 DRC-642          !      .180 35,800 96,008 11,7('0   1       78,00" 2.00 
TS-44 DRC-641          |      .140 47,150 12S.8J5 12,705   1      115,000 2.33 
TS-45 DRC   22-766   i      ."20 75,550 148,125 13,380   !      121,000      . 2.4? 72,550 87.655 13,380 70,000 
TS-46 DRC-22-7ii   j      .120 78,500 159,150 13,980   1      128,000 2.49 
TS-47 PRC-22-767         .080 120,700 195,020 12,670   |     160,000 2.82 
TS-48 1     DRC-22-767 .080 140,500 228,220 |        15,000   ,      172,000 2.82 
TS-SO ]     DRC-22-769 .060 145,400 L 279,585 13,440   |     224,000 2.99 

Fig. 22.    Test Sluq. 
To Evaluate Wall Thickness Or Atter-Body. 
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Fig.   23.      Recovered   Test   Sluqs. 

; RESULTANT   5TRFSS tiCOOpsi) 
|:l i_nr<>9p:jiiens|onoJ Looding 

il;;;;l;::::; 

Fiq.   24.     Resultant   Stress   Versus   Wdll   Thickness. 
Alt,.,   bo;l,  Of   ','s-  Slug. 
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Future  Program 

1.    Serrated Liners 

a. Effect of Index Angle 
Two lots of cones of the DRD78 type, 

described in the Supplement to the Thirty* 
Fourth Progress Report, having index 
angles d 5 and 20 . and having minimum 
wall thicknesses of .100 in. are scheduled 
for firing in April. 

b. DRD433 item 2 and item 3 cones 
(Index angle 6 and 2 , respectively) are 
being inspected. These cones have 50 
"matching" flutes ,034 in. deep at the 
base datum and a wall thickness of .100 
in. 

c. DRD429 item 2. These cones have 
16 "matching" flutes, .034 in. deep at 
the base datum and a wall thickness of 
. 1U0 in. Index angle is 6 . Flute orien- 
tation is the reverse of DRD78. 

DRB1001, triple threaded outside, 60 V 
threads, 84/in. .0357 in. lead, . 0119 in. 
pitch,   .0097 in.  deep. 

The above cones have been manufactured 
and inspected. 

g. DRD393 HW1, - This cone has 50 
flutes machined on the outside surface 
only to a depth of .0149 in. at base datum 
and .0051 at apex datum. Nominal wall 
thickness is .100 in. Cones are scheduled 
for firing during April. 

h. DRD-16-492 - 45° angle, 50 flutes 
machined on the outside only to a depth 
of .0070 in. at the base datum and .0026 
in. at the apex datum. These cones are 
designed for use in the T108E40 round 
and are to be prepared from P83580A1 
cones. Cones are scheduled for testing 
in April. 

I 

d. DRD434 item 2.    Same as (c) ex- 
cept flute depth is .060 in5 

e. Scaling Studies 
DRD267 (3.5 in. base x .100 in. wall); 

DRB70* (3.0 in. base x .087 in. wall); 
DKB703 (2.5 in. base x .071 in. wall). 
These cones to have 60 flutes machined in 
outside to a depth of . 010 in., .0085 in. 
and .0069 in. at base datum for each of 
three sizes have been manufactured and 
inspected. 

f. Threaded Cone s 

DRB998, threaded inside, 6 0°V threads 
28/in., .0097 in. deep,  .0357 in. pitch. 

DRB999, triple threaded inside, 60°V 
threads, 84/in., .0097 in. deep, .0119 
in.  pitch,   .0357 in.   lead. 

DRJB1000, threaded outside, 60°V threads, 
28/in., .0357 in. pitch. 0097 in, deep , 

i. Ten T119 short fin test projectiles 
with fin cant angles 1 l/2 and 2 times as 
great as those previously fired are being 
inspected and assembled for firing tests, 

j. Fifteen TT38 test projectiles are 
being inert loaded and will be fired in- 
corporating two types of tee spacers to 
test their usability as a carrier for a 
serrated liner in future dynamic firing 
tests. 

2.    Double Body Projectile Study 

a. Test double body projectiles oi 
the DRC429-1 type for spin rate and flight 
behavior. The total projectile weight 
will be reduced possibly to as little as 
17.5 lb. and the strength of the ogive will 
be increased. 

b. Six projectiles are to be fired to 
complete the study of the determination 
of minimum wall thickness required in 
non-rotated body. The projectiles have 
wall thicknesses as follows: 
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(1) 2 rounds with .180 in.  wall (alum) c.    Determination of Strength of Tee 
in rear body.                                                                      Or Boom.    Tees of five different designs 

and strength,   using both aluminum and 
(2) 2 rounds with .120 in. wall (alum) steel,  are to be tested.    Manufacture is 

in rear body.                                                                      completed and tests are  scheduled for 
May. 

(3) 2 rounds with .060 in.  wall (alum) 
in rear body. d.    Evaluate efficiency of DRA218 and 

DRA215 bearing system treated with #4253 
Lube-Lok base coat and #4396 Lube-Lok 
top coat. Rounds have been fired but 
the data have not been evaluated. 

I 

• 
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PENETRATION  STUDIES 

Effect Of Cone Angle and Flash Tube 
Diameter  Upon   Penetration 

concerning these tests it is advisable to 
consult the referenced report. 

The systematic evaluation oi the effeci. 
of cone angle and fla^h tube diameter upon 
the standoff and rotational penetration 
behavior of 3-inch copper cones has been 
cornpleied. This work wa; conducted 
under Contract DAI-33-019-501-ORD (P)- 
16, Firestone Tire and Rubber Company, 
and the complete data are discussed in 
the Eleventh Progress Report under that 
contract. Because of the direct application 
of this work to the BAT project the data 
are summarized in Table XII and Figs. 
25,  26 and 27.    For detailed information 

The following two groups of cones were 
included in this study. 

a. Central tube .628 in. O. D., 27.5 , 
30 , 35° and 42 included angle; over- 
all height 5 in. 

b. Central tube 1.000 in. OsD;; 23°, 
25°, 30°, 35° and 42° included angle; 
overall height 5 in. 

All cones were assembled in DRC506 
test assemblies using No.  2 nose rings. 

Table XII 
Summary  Of Penetration  Data 

Effect  Of  Cone  Angle  and  Flash  Tube  Diameter 

Li°:i_ 
| CENTRAL 

j   !>Ph830 

DR361B 
i   0RB842 

TUBE 0.628 Is-'. 

ST6-OCFF   (ml 

•I 0 8  5 

'   nuns naza 

ORB! 16 
UKUS4U 
DRB844 

R0 fATlON      10 rpi> 

18.** * 5.02 
1*.« L    .40 

jo.     .s;       17.09 »J.28   17.11 tl.Oi 
So •   1»02       19.00 <:.CG   17.06 • 2,23 
Zi  !      .47        17. 71   t [,M   20. S4 t   .87 
32 i      ,'U        18.28 * 1.64 !   1H.C1  . 1. |7 

,?.».. »l,5J 18. It,  . I.42 ;   

27.S lo.86  • .28 is..-;. 1.90 

10° ! 7.55 . 18 18.4&1 . 'i 
!S° 16.10 t ,44 1B.HS » . 18 
M" 16.25 < .*»*> 18. to , 1. 10 

fL'BE  1.000 IN 

ROTATIONAL     BEHAVIOR   {'»%) 

15                       50                         4? 

3.5 IP     STANDOFF 

90                   !80 

. 7 J id. i"> »,sa —                 ?. 10 ..•.. i6 

17. :7 .. 71                                9,65  (1.55 

5.08 H.20          ). 19 +.26 

6. »6  J.53       '      4. 7?   .. 16 

17,71 tl,54       17.0J *,97|10,69 *U26 

1 7.8t.  M.52       17, «»0 t.72; 11, ?8 * 1.2 7 

V4 »,8J 

•»9 ..SO 

5,48 .1.51 1.55 *.22 

6.60 .   .86 1.58 *,96 

CONFIDENTIAL 



C O N f- I - D. E N T I A L 

::>:U:: 

•ii! V..I 

Typical   Standoff   vs.  Penetration Curve 
representative  of results '?porterf in  the 
4th, 6tt),and 9th Progress Reports 
Conf.No.DAI-33-OI<?-5'J'   Cf"t-(P1-I6 

m 

rfHtt 
Q DRB830-27>2°Apex  Angle; 

A DRB834     30°   Apex  Angle 

O JRB838    35°   Apex  Anaje 

G DRB842     42°   Ape» Ar.gle 

ilwiliiiil!ii;Kli;lSnEi 
Each symbol represents 5 rounds except Q ot 
8 6 in  S0=6rds and ot  160 in. S.O = 4 rds 

.V;\\\::K-tiliiiiii'.'..i~'2... I -J    -L ! _L mm. 
Fig.  25.     Penetration  Versus Standoff. 

Effect Of Cone Ans!e 

Fig.  26.     Penetration   Versus  Standnff. 

Effect Ot  Cone  Angle. 

lit 
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Summary  Of  Study 

Fig. 27.     Penetration Versus  Rotation. 
E#«ct Of Variations In Con* Angle and Spitback Tub* Diam.'er 

into account. 

I 

4 

STANDOFF BEHAVIOR 

As shown in Figs. 25 and 26, there is 
no systematic variation in the standoff 
behavior with cone angle. The test data 
agree well with the solid curve, a typical 
standoff-penetration curve presented in 
previous reports. The reduction in the 
flash tube diameter from 1.000 in. O. D. 
size to 0.625 in. O.D. did not cause any 
apparent change in the standoff perfor- 
mance of these cones. 

EFFECT OF ROTATION 

Only 30 and 42 cones were tested. 
The penetration of the smaller angle cone 
falls off more rapidly with rotation as 
shown in Fig. 27. The spitback tube dia- 
meter has no effect, The 42 cone behavior 
agrees excellently v/ith a generalized plot 
presented in the Thirty-Seventh Progress 
Report, when the longer standoff used in 
this study (8.6 in.  vs.   6.4 in) is taken 

DISCUSSION This experiment is of con- 
siderable interest since the data in certain 
respects are in excellent agreement with 
earlier work in this and other laboratories, 
but in other respects differs markedly 
from earlier work. For example, the be- 
havior of the 42 copper cones agrees 
well with expected behavior and the effect 
of cone angle upon degradation caused by 
rotation agrees well with earlier experi- 
ments. But, the effect of cone angle upon 
both . Idiidof t behavior and penetration 
at fixed standoff are not in agreement 
with experiments with 105mm test assem- 
blies. (See Twentieth and Twenty-Eighth 
Progress P.eports). Also, the lack of any 
effect of spitback tube diameter upon pene- 
tration does not agree with data for 105mm 
assemblies as presented in the Twenty- 
Second Progress Report. There is no 
readily apparent reason for the lack of 
agreement and £urther tests would be re- 
quired to solve  the woblem. 
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Comparison Of The Drawn and Shear 
Formed  P83580  Al   Cone 

Two separate groups of P83580 Al cones 
have been manufactured, one by shear 
forming, the other by deep drawing, and 
compared for penetration behavior. A 
portion of the shear formec cones were 
annealed to evaluate the effect of the treat- 
ment.   This work was conducted under con- 

tract DAI-33-019-501-ORD (P)-16 and 
are presented in the Eleventh Progress 
Report. Because the data are of im- 
portance in the BAT project the results 
of the study are summarized in Table 
XIII and Figs. 28 and 29 of this report. 
For detailed information concerning these 
tests consult the referenced report. All 
cones were assembled in DRC506 test as- 
semblies using No.  2 nose rings. 

Tabfe  X!S! 
Summary  Of Penetration  Data 

Comparison   Of  The Drown  and  Shear  Formed  P83580  A?   Cone 

STANDOFF   {'ni                 RotQllon   [0 : ROI J>T>CNAL       BCH4VOH    CPU Standoff   6 * <r. 

6 4                  n G 2   * J '   4 10 40 -JO o               • f>             : c            < s eo               $o               ?o BO 

5HF.AH  KORMEO 
GROUP «#3.  i        12.4J ».5S     j M.OO  {1.1} U.M •] i:   9.41  •!. :i 4.»7 • *.(>• "). 1*   '.  T •   i i. **• *. *" 1 l.M  ..04     IJ.7I  ll.Oi.l I.S4 * 71      11. Ot  .. 11 i. is -;. ii 
STH PROG,   RPTJ 
Cuil.   DA|.>i-i>l*'->Ui-t'RL> H'l-lt 

SHEAR rOKMCO] 
GROUP NU. 11      jli.M •.*•      |        —            : 1, »!•].'.; 14.17  . 1 .40    li.4i <4. TC 4.44  M.44 
«TH  PRUG.   RPll • 1                                I 
Com. OAl-ii-oio.soj-ORy (P)-lt 

SMF.AR IOKMI';I 

AND ANNEAL.EDU;. I? *).14     ' It.90   ..  It. 17.in •. .Si   II. SI »l. ;« 14. IT ti. i«> 11.77 *.M    11.40 •. It       ••*• .«       1. it  d.41 
1  MR.   AT  909°F 
1TM PROG.  RFT. , 
Cool.   DAI-U-OiT-SOI-GRD  !P)-H» 

L'Xt'.l' DRAWN      | 
• ' 

UTVt FROG,  RPT.1V.12 *.«4     If.M *.M I6.*»4  '.IS 14.4.:   • .41 i     •    IS.H •.'*> 14. 11   tl.it  11.**  • . 50        •*•-• . )i      r*M • .<»*  |    ---                6.4S ..s; 
Cant.   DAI-Ji-Ulf-SOl-OHD {Pi-16 

Seta; 
Prixtritiona  *rt  -epcrud  M i»ti|<i   Into mild   IM*I  Ur|rl  plat*. Standard iltvuiioni  m   tho-n for  sac h prn<ttalian *«lu». . 

I 
I 

I 
3 

\ 

Fig.  28.     Penerration  Versus Standoff. 
"83580 A! Cor.c Study. 
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Fig. 29.    Penetration Versus Rotation. 
P83580 AI  Con* Study. 

Effect Of Standoff 

It can be seen from Fig. 28 that the 
standoff-penetration behavior of the deep 
drawn cone is similar to that of the an- 
nealed shear formed cone in the lower 
standoff regions. At longer standoffs 
the performance level of the shear formed 
cone is maintained at a fairly constant 
level while the performance of the drawn 
cone ralls off. 

The relative  performance of machined 
and drawn 3.5 inch, DRB398 copper cones 

was described in the Twenty-Seventh Pro- 
gress Report. It was shown that the ma- 
chined cones retained their level of pene- 
tration at very long standoff distances 
much better than did the drawn cones. The 
difference was Jit.tr ih.i ted to the wall wavi- 
ness of the drawn cone. A similar effect 
is noted in comparing the P83580 Al shear 
formed and drawn cones. 

The following tabulation is a summary of 
the inspection data for the drawn cones 
and two lots of shear formed cones. 

1 Siiear Formec 
Drawn 

I 11 

Wail Thickness <in) ~      1 
Max .0941 .0956 .0929 

Mir. .0882 .0922 .0913 
Avg. .0913          ; .0939 .0920 
Trans.   Variation .0022 .0026 .0010 
Long.   Variation .0053 .0027 .0012 

Wall  Waviiiess 1 
Outside (in) .0012 .0013 .0013     i 
Inside (in) .0057 .0034 .0027    | 

1  Concentricity (T.I.R.   in.) 
Base Datum .0027 .0024 .0012    | 
Apex Datum .0022 .0027 .0012 

;   A'M«*»T .0062 .0062 . 0051 
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Fig. 28 reveals that the penetration 
of these cones becomes poorer at long 
standoff in the order, Shear Formed Lot 
II (Best), Shear Formed Lot I (Medium). 
Drawn (Poorest), It is probably more 
than coincidence that the inspection data 
show the precision of manufacture of 
these cones to be in the same relative 
order. The longitudinal wall thickness 
variation, wall waviness and concentricity 
all arrange the con?s in the same order 
of precision. 

The standoff curves for all three types 
of cones were determined at 0 rps. As 
will be described in the next section of 
this report the shear formed cones are 
spin compensating and have their best 
penetration at 30 rps. Therefore, the 
standoff curve for the shear formed cones 
must be compared with that of a drawn 
cone measured at 30 rps. 

Effect   Of Rotation 

The penetration spin rate behavior 
of the drawn and annealed shear formed 
cones is quite normal and agree well with 
one another. The behavior of the sht.ar 
formed cones, however, was most un- 
expected in that they exhibit spin com- 
pensation. Instead of having a maximum 
penetration at 0 rps these cones penetrated 
best at 30 rps. At this spin rate the pene- 
tration obtained (14 inches of mild steel) is 
about 93% that of the neii rotated drawn or 
annealed shear formed cones and had a 

penetration equal to or greater than that 
of the drawn cones at all spin rates above 
20 rps. The difference is nearly 4 inches 
•A± 40 rps. It is believed that the shear 
forming method of manufacture causes 
an inclined elongated grain or crystal 
structure which results in the spin com- 
pensating effect. Annealing of the cones 
completely destroys the effect. Furthar 
tests are in progress under Contract DAI- 
33-019-501-ORD (P)-16 and these tests 
show that the direction of spin compensation 
and the amount of the shift in optimum 
rotational frequency can be varied by 
changing the manufacturing conditions. 

Double  Angle  Tapered  Wall  Cone 

The performance of double angle, 
tapered wall thickness copper cones has 
received considerable attention and ex- 
tensive study at Picatinny Arsenal. The 
excellent performance reported by Pica- 
tinny has led to an evaluation of these 
cones under Contract DAI-33-019 -5>01- 
ORD (P)-16. The data are summarized 
here. Two separate groups of these cones 
were manufactured one by shear forming- 
the other by deep drawing and compared 
for penetration behavior. The test results 
are presented in the 11th Progress Report, 
Contract No. DAI-33-019-501-ORD-(P)-l6), 
Firestone Tire and Rubber Co, A sum- 
mary of these results is presented in 
Table XIV and Figs. 31 and 32. For de- 
tailed information concerning these tests 
it is advisable to consult the referenced 
report. 

Table XIV 
Summary  Of Penetration  Data 

Double  Angled,  Tapered   Wall  Cones  ORE 23-973 

STANDOFF (!nl 0 '0« 

6.1 I        e.l> | 12.9 
I SHEAR FORl'tC 
!  IITH PROG.   .XEP. I 14.70 i. 
I Coat. DAI-7V.0I4-H1-ORD (P)-lb 

i    I i <.*4 *  . It, i lb. 90 41.50 

DEEP DRAWN 
UTH PROG. RXP. ll4.0»»l.M 

HAI-33-0H-501-OIO) iPI-lb 
19.18 t2.l4j 14.74 (3.82 

-30  

9.9b »1.72 

ROTAtlONAl   BEHAVIOR  (rpsl 

-i: o        ! 

8 6 1ft.   StondoM 

JO _45 60 

) 1.81 *.*,5    '•    17.54 < 18.L4 41.45 I 16.4B 41.11 11.27 41.11    10.29 H.TJ 

 9 0 

b.44 4 1.16 

10.12 t. 80 
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The Vicatinny tests were made using a 
3.23 in, diameter copper cone in M28 
A2, 3.5 in. rockets. In this assembly 
the cone is brazed in and in their tests 
drawn and shear formed cones behaved 
similarly. The cones in the present tests 
were mounted in DRC506 test assemblies 
with No. 2 nose rings and are not brazed 
into the shell. 

Fig. 30 shows both the Picatinny Cone 
(PX-8-929A1) and the modifications which 
were made (DRB-23 -973). 

Effect  Of flotation 

The spin rate -pene tration c.ive for 
the two cones is shown in Fig. 31 . Like 
the shear formed P83580 Al cones the 
DRB-23-973 shear formed cones show 
a spin compensating effect and have their 
best penetration, 20.5 inches of mild steel 
(6.84 effective charge diameters), at 30 
rps. The drawn cones, on the other hand, 
show a macimum penetration of 19. 3 inches 
(6.43 C.D.) at 0 rps. i.i each case the 
tests were conducted at a standoff of 8.6 

inches (2.86 C.D.). At all spin rates above 
10 rps the shear formed cones are superior 
to drawn cones. 

Effett  Of  Standoff 

The standoff-penetration curve is shewn 
in Fig 32. The optimum standoff distances 
are 8 in. for the drawn cones and 10 in. for 
the shear formed cones. Since the standoff 
measurements were made at 0 rps the level 
of penetration shown by the shear formed 
cones is low, just as that of the drawn 
cones would have been had the test been 
conducted at 30 rps. In spite of this dis- 
advantage in effective spin rate it appears 
that the shear formed cone will maintain 
its penetration considerably better than 
the drawn cone at long standoffs even though 
there is very little difference in the pre- 
cision with which the two types of cones ap- 
pear to be manufactured. It is to be ex- 
pected that the shear formed cones would 
show to better advantage after annealing 
but would not have any spin compensating 
effect. 

I 

» 

FieesToMe   MopiFicfcTioN   p-.va peB-z.^-q~'3 

(il   THICKNE'.S  (M?AS'.;?>""   PfaPEfOiCUUR.  TO   CONlT     SuBf.»(;E]ir'.C»IWML     IN   THIS     «BCA 
5HM.L      •MCBlTASE     UNI FORMLV        FBOn    OfcO    ±    00 3    AT    B    TO   .10 1  ±  OOI     AT   A 

f2i TuiCKNcSt ;«E"ASuBE D    PESPEHOICULU?  TC ::r;E  5unrM6)CFi»Ai.L   S H A_I_ NOT v ».tt-r 
Moal   THAN     OOfe     IN   3io°    AT   A N v   <j 'VE N     PuANE.   (PA.«A l-l_e '_   TO  -5>-i HFME    -C - 
OP"   P^nwiE)   BETWEEN;    POINTS   A  <J  S . 

Fig.   JO.     Double  Angle  Cones. 

Picatinny Arsenal Cone PX-8-92")  Al   and  Fi.-eitone Modification DRB-23-973. 
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Fig. 31.    Penetration Versus  Rotation. 
Double Angle Conn 
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Comparison With Picatinny Arsenal Data 

The performance of PX-3-929A1 cones 
in M28 A2 static test assemblies has been 
determined at Picatinny Arsenal and a 
portion of the data are presented in the 
"Minutes of Shaped Charge Committee" for 
6 Jan. 1954, Tables H and IV. These data 
are compared with the Firestone data in 
Figs. 33 and 34. The standoff data, Fig. 
33, show good agreement between the data 
for Picatinny annealed shear formed cones 
with Firestone drawn cones. Since they 
were not annealed the Firestone data for 

shear formed cones should not be com- 
pared with the Picat? my data. 

The effect of rotation, shown in Fig. 
34 is interesting. The performance of 
the double angle cone is not reduced with 
spin as rapidly a.z is a regular 42° or 45° 
conical liner. Also, the rate of loss in 
penetration with spin increases with stand- 
off. In the single instance where the stand- 
off distance is comparable, the Picatinny 
Arsenal and Firestone spin data agree quite 
well. 
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I F!g. 34.    Penetration Versus Surface Velocity. 

Future  Program 

t 

| 

1.    Composite Cone Study 

A series of bittietal cones with alumi- 
num half shell inserts (.020 in. thick) 
and copper outer shells (DRB398HW3 item 
1) will be asseYnbled to evaluate pene- 
tration performance at standoffs of 2, 
4 and 6 in. and at varying rotational rates. 

2.    Evaluation cf Cones Made 
By Electroforming  

A series of DRB 268-5 copper cones, 
made by an electroforming method, have 
been manufactured for comparison with 
machined cones of like design. The elec- 
troformed cones are finished and the con- 
trols are being machined. 

3.    The Effect of Rotation on Aluminum 
Cone Performance 

A series of DRB398HW3 item 1 and item 
4 cones, machined from 2S-F aluminum 
bar, will he tested at various spin rates 

0, 30, 45 and 60 rps at 7.5 in. standoff. 
A second series will be tested at the same 
rotational velocities but at the optimum 
standoff of about 42 in. 

4. Penetration Into Mild Steel Versus 
Homo ecne ous Ar mar 

A series of penetration test rounds 
composed of DRB398 HW3 item 1 cones 
in DRC-376 test bodies have been loaded 
and will be tested for penetration into 
homogeneous armor and mild steel at 
various spin rates. 

5. Evaluation of Cones Made By 
Zinc Die Casting  

A series cf DRB398HW3 cones have 
been made by die casting zinc alloy Zarnak 
3.    Standoff and spin tests are planned. 

6. Evaluation of the DRB398 HW3 Item 1 
Copper Drawn Cone in Various Stages 
of Manufacture. 

A series of cones have been obtained 
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having varying geometric configurations. 
The^e cones represent Uit various steps 
in the deep drawing of the DRB398 HW3 
iteml copper cone. Sbc of the eight draw- 
ing stages are included. Standoff and spin 
tests are planned. 

7. Evaluation of Optimum Wall Thickness 
for Cones with Various Apex Angles. 

This study is being conducted using 3. 0 
in. charges. The length of the spuback 
tube (.625 in. dia.) will be varied to give 
the  cone a over-all height of 5.00 in. 

a. Cone drawing number DRB834- 
1, apex angle 30°, wall thickness .050 in., 
.070 in., .086 in. and .110 in. 

b. Cone drawing number DRB16-976, 
apex angle 45°, wall thickness,   .050 in., 
.110 in. and .150 in. 

c. Cone drawing number DPJ316-972, 
apex angle 60°, wall thickness,   .0 70 in., 
.110 in. and .150 in. 

These cones are being manufactured. 

MANUFACTURING   SUMMARY 

In addition to the experimental material 
prepared for the research and develop- 
ment work under contracts DA-33-019- 
ORD-33 and DA-33-019-ORD-1202, de- 
scribed in preceding progress reports 
and in the preceding pages of this re- 
port, the f jllowing have been manufactured 
and shipped to the installations indicated. 

Firestone's Defense Research Division, 
in shipping these items, transfers custody 
and control of the items to the receiving 
agencies. However, personnel of De- 
fense Research Division will continue 
to collaborate with personnel of the other 
installations. 

I.      Cartridges,  HEAT,   106mm,   M344 (T119E11) Without 
Fuzes T208E7 

Prior to March    1,   1954 
March 24,   1954 

Total 

IT.     Rifles,  T170E1 for ONTOS 

Prior to March     1,   1954 
March 27,   1954 

Total 

16,715 
267 (Live) 

16,982 

69 
3 

72 

All Shipments 
Picatinny Arsenal 

All Shipments 
Aberdeen Proving Ground 

\ 

III. Mounts,  T173 and T26 Tripod for ONTOS 

Prior to March    1,   1954 22 
No Shipments in March 

IV. BAT Systems less Jeep.  T170E1 (M40) Rifle, 
T149E3 (M79) Mounts (with latest modifications). 

Prior to March    i,   1954 
No Shipments in March 

25 

All Shipments 

All Shipments 
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CONFIDENTS 

DISTRIBUTION 
Number 

of 
Copies NUMBERS INS! ftfL-AT' ON 

Office, Ch *f of >>ref nance 

1 • )RDTS 
2 3KDTA 
3 ORDTAEM Fuze Section 
4 ORDTX-\P 
5 ORDTB 
6 ORDTU 
7 ORDGU-JE 
8 OR DIM 
9 Electric Mecha licai  Ordnai ce Division 

Arsenal* 

10 10-19   incl. Frankford 
20-21 Picatinny 
i •> Springfield  Ar r ory 

> 23-21 

0 

Redstone 

-finance  District: 

1 2S Cleveland 

1 
1 
1 
2 
2 
1 
1 
1 
1 
1 
1 

1 
2 

26-: 27 

28 

29- 
3 1 

30 
; t 

32 

33 
34- 35 
36- 37 
38 
39 
40 
-il 
42 
43 

44 
45- 16 

47- 48 

49 

50-54 i inc!. 

c O N F 

Abtir Jeen   Proving Gri und 

Ballistics  i- ."search  Laboratory 
Developmt \t ;ind  Proof  Services 

Con.» ictc.v 

Frigidaire Div. Gen.  Motors G>rp. 
Winchester Repeating Arms C >. 
Remington   Arms Gx 
National   Forge &  Ordnance G . 
Midwest  Research  Institute 
Atmour  Research  Foundation 
Carnegie  Institute of Technology 

Arthur  D.   Little,   Inc. 
The   Budd  Company 
Franklin  Institute 
Chamberlain Corporation 
American Machine and Foundry G>. 

U.  S.  Mavy 

Bureau of  Navy  Ordnance 
Naval Ordnance Laboratory, 

White Oak 
Naval Ordnance Test Station, 

Inyokern 
Naval  Proving Ground,  Dahlgren 

Document  Centers 

AST1A,  Dayton, Ohio 

I  D E N T I A L 
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