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Armed SOtV{iCOI Technical Akron, Ohio
Information Agency May 25, 1954
Doouneat Service Center

U. S. Building

Dayicn, Ohlo

Subject: Corrections To Be Made In Forty-Fourth Progress
Report t March) of Firestone Defense Research
Division on Contiracts DA<33-019-ORD =33 and
DA-33-019-ORL-1202,

In the subject report which you have just received there are
two errors which have been called to our attention and which we request
that you correct in your copy or copies.

(1) Figs, 17 and 19 on pages 25 and 26 are transposed, The
cantions are correct as they appear but the plots and data
immediately below are transposed, Beside the plot of
Fig, 17 will you write '""this should be Fig, 19 'and beside
the plot of Fig, 19 will you please write ''this should be
Fig, 17",

(2) A typographica! error appears in Table X1V on page 44,
In the right hand poertion of the Table under Rotational
five columns, That is, under the headings 15, 30, 45, 60
and 90 rps columns the larger number should be iz e
top row, e.ge. 19,06 £ 3,21 should exchange positions with
18,34 £ 1,45 and this same change in order {bottom number
moves up to top row and top number raoves to bottom row)

should be made in the remaining four columns,

It will avoid considerable confusion if you will indicate these
changes in your copy (or copies) and indicate that such changes have been
made by signing one copy of this form and returr to our attention. Place
the other copy within the repert to verify your changes,

Thank you for ycur assistance,

Very truly yours,

;o P
Qj/z,@,j i 2 et

-

g A

Stewart B, Steiner

The above changes have been noted and corrected in the copies of
this report for which I am responsible,

Signed
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ABSTRACT

Weapon Systemn - 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,

TI119 Projectile - Ten projectiles with double '""O" ring obturators were fired from a

smooth hore 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,

Seveniy 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 pisten and
housing diameters that wiil permit consistent {uuctioning of the tail assembly unier
the most extreme conditions are detcrmined frorn these tests,

T171 Projectile = Four accuracy programs were f{ired at Erie Ordnance Depot in-
volving T171E10 and T1/1Ell projectiles at ranges of 1000 and 1500 yards., The test
data are presented and discussed.

120 Projectile - Dynamic tests for determining the periormance of projectiles with
pin compensating concs arc discussed, Preliminary firings with a projectile of the
folding fin type were made to evaiuate spin rate, Further tests are planned.

T
s

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 ars 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-33-012-501-ORD (P)-16 but
are summarized here because of the importance of the A=2t2 ic this contract: {(2) com-
parison tesis with ""drawn'' and '"shear formed' P83580 Al cones, and (b) performance

tests with double angle tapered wall copper cones,

1
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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 gurner, 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 loading and closing tle rifle breeches.

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

success,
The systems tested have employed:

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

2. An auxiliary firing system,

3. An zuxiliary 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
shel! with a cocked firing pin and a mal-
function can fire the shell as the breech
reaches the locked position. This con-
dition is particularly hazardous when work-
ing with a multi- gun system and has so
far been overcome by thc use of a breech
operating rnechanism which allows the
persomnel to remain under cover when the
breeches are closed. Al of the firing
systems have provided a mechanisini which

9

ENTIAL
THE WEAPON &

YSTEM

operates through the cakle system fur-
nished with the rifle, In order to accom-
plish the desired result the mechanism
become s complicated, The mosi 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 ti:e standard T170El rifle.

2, tue firing pin
b, the firing pin cap
c, the firing pin spring

The changeover can be accomplished in
lessc than cne {!) 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-
cussion-unit,

The operation of the new unit is as
follows:

a. Firing

A firing pin without a sear lcbe 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 a barrier which pre-
vents accidental firing, Thus, with this
urat lhe breeches are 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 ‘o operate the breeches from

CONFIDENTI]AL
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inside the vehicle, 1In firing the rifles

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
o a loaded gun (Fig. 5) the firing pin
comes to rest on the primer and the cam
again overates the switch and turns off
the light on the contrel panel, When ihe
rifle fires (Fig, 6) the primer is driven
rearward by the chamber pressure, his
force is sufticient to carry the firing pin
rearward and again the cam operates the
switch and lights the light in the vehicle,
I"ig, 7 is the wiring diagram and Fig, 8
shows the control panel in the vehicle,

Fig. [. Solenoid Firing Assembiy.

COMFIDENTIAL
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Future Program

l. Continue test firing of ONTOS firing 2, Investigate the effect of obturaiion
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
Rifle,
8
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T119 PROSECTILE

Projectiles With Double O’ Ring
Obturators

Prajectiles with two '"O" ring obturators
have been fired for spin measurements
from a tube rifled 1/20 (see Forty-First
Progress Report) and it has been sug-
gested that the higher muzzle spin which
results from the doubie obturator should
improve the accuracy of the THI9EIll pro-
jectile, 1t is also likely that the double
ring will improve the obturation and this
alone might improve the accuracy also.
The eifect of the increased obturation
upon accuracy has been determined, in-
dependently of the increased spin, by fire
ing ten projectiles of this typc from a
gun with a smooth bore tube,

Ten TII9EULX 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 Tabie
I, All ten projectiles struck the target
with probable errors of dispersion of
+.52 mil vertical and t+,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 hy the least mean squares
line, shown in Fig. 9, is 1.1819 in/fps.
A vertical probable error of dispersion of
t.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

1/20, in order to determine the effect
of spin,

«ROIT

ey

iy} vertical Coordingte of Impoct on Torget lin}

Fig. 9. Vertical Impact Versus Muzzle Velocity.
Least Mean Squaras Line for Corraztion Of VYertical Impacts
for 10 THI9EIIX Projactiles.
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Accuracy Of TI19E11 Projectile With
Grooved Nose Cap

A grooved nose cap, shown in Fig,
10, has been tested for impact sensitivity,
using T119E1l HEAT shcll (see Fortieth
Progress Report) and the effect of the

grooved cap upon accuracy has now been
deterrnined,

Nineteen T119El] 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 II,

Three rounds were used to establish
the proper propellent charge and all of
the remaining sixtzcen projectiles struck
the target with a vertical probable error
of .35 mil and a horizontal probable
error of t,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 T119E1l
projectile,

Fig. 10. Grooved Nose Cap.
Firestone Drawing DRAS99.

Tabie 11

Range Data
Accuracy Ci T119E11X Projectile
With Grooved Nose Cap
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It was necessa:y to establish, by firing
testa, the proper amount of interference
between the 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 interterence is too
great, the fins do not open completely; and
if the interference is too small, the in-
ertia of the rnoving componants may dam-~
age the fims 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 tclerance 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, Rather than manufzcturc 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 , 22, .014, and ,01% in,
wezre made, For the tentative maximum
interference groups, 145S-T6 aluminum
housings were used. The 145-T6é mater -
ial has been shown to offer greatcr re-
sistance to full opening of the fins than
does the alternative 245-T4 aluminum.,
(See Fortieth Progress Report), The
24S ~-T4 material was used for the tentative
minimum interference groups.

The extremes of the perraissible piston-
to-housing clearance were also incor-
porated in the tests, The fin assembly de-
sign tolerances pzrmit piston-to-housing
diametral clearances to vary frum ,001
to ,007 in, Again, rather than manu-
facture new housings to the tolerance ex-~
tremes of the base diameter, existing

ONF

i5

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 , 00l in piston-to-housing dia=-
metral clearance were hand fitted and were
generally as tight 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.

The rounds with {in asseinb lies, in-
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
E1l rifle, The rounds with fin assemblies,
incorporating the minimum stoo-to<housing
interference groups,were loaded with a pro-
pellent charge to give 115 pcr 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 temmperatures -40°F, Three of
the fin assemblies failed to open com-
pietelyv., Exarnination 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 pisions aiso 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 {in assemblies with
. 014 in. interference opened completely
and one opened partially, Four of the tail
assemkblies 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 ncminal . 016 in, stop-
to-housing interference gave a higher rate
of failure to open completely, indicating
that .016 in, interference is too great,

Ter 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 the maxinum rated pressure at am-
bient temperature, Eight of the assemblies
with ,006 in, interference opened norrnally
and two opened in excr:ss of the designed
spread. All twenty of the assemblies
with ,008 in and ,010 in interference be-
tween stop and housing functicned normally.

it is eviden® from these resulis that an
assembly of a nousing made from 14S5-T6
aluminum with a tapered stop which gives
. 016 ir, 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 245-T4 aluminum,
with a tapered stop which gives a stop-
housing interferevce 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-
.002 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 assembiy under the most ex~
treme conditions of pressure to be en-
countered and with either housing mater -
ial,
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Future Program

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

ta) One group with short bodies, short
ogives, rounded nose caps and TI9EIl
tail assemblies,

(b) Onme group with short bodies, long
ogives, rounded nose caps, and TI19E1l
tail assemblies,

(c) One group with short bodies but
otherwise standard TII9EI1l shell,

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

19

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

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

3. Twenty T19EIl 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 Table IV contains the revised nomen-
made for T171 projectile modifications. clature for the T171 projectiles; Table
The. letters MD, previously affixed to V lists the symbols used and the com-
the moaification number, have been re- ponent parts,

Placed with the letter E; the numbers for
the modifications remain the same.

Table IV
Revised Nomenclature For T171 Projectiles
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i e
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Table V
Expianation Of Symbois
T171 Projectile Modifications

Symbol li Title gDrowing No.
N, |  Smooth Nost " DRmeiez2
N, ; Conical Nose DRB183-1
M, i Spike Nose DRC328-1
B, i Body DRC193 -4
7 ! Egg Cup Tail DRC31-3
T, : Finned Egg Cup Tail DRC175-2
T3 | 6 -Finned Tail ! DRC130-3
T4 6 -Finned Tail, End-plated i DRC132-2

Accuracy Tests

Four TI7) projectile accuracy programs
were conducted at Erie Ordnance Depot,
Three of these programs were with T171
E10 projectiles, and the fourth was with
T171Ell projectiles. All of these rounds

were equipped with nyion ¢bturators (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 1/20 twist tube
was used for all firings, the target was
18 ft by 18 ft for all programs,

POSIT ON.NG RING

Fig. 13.

21
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TI71 Proiectile In Shell Case.
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TI71E10 At 1,000 Yards
(T19 Rifle, Rigid Mount)

For this firing, the T19 rifle was plaiced
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 t,.14 mil vertically, This
group of rounds, fired at an elevation
of 23,5 mils and 1,2 miis left azimuth,
with an average muzzle velocity of 1743
fps; had a center of impact .46 mil be-
low, and .93 mil to the right of the center
cof 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 .22l fps/ft. The firing
record for this program is found in Table
VI, and the target plot is shown in Fig,
14,

TI7YEI0 Af 1,500 Yards
{T19 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 prohbable errors of +.28
mil horizontally and +.40 mil vertically.
This gr aup 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 .6l 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.

Heriz. +.17 mil

-2 =1
— |
-2
Center Horiz.= +.93mil Prc;t—mble iz
of Impact: Vert =-.46mil Error:

vert. + (4 mii

Fig. 14. Target Plot.
TITIEIO At 1,000 Yaras.
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1iis is shown clearly in Fig, 15, in which
the vertical positions ot tne 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 founa 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/it/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 x.¢3 mii;
using the slope of line B, it is £.30 il
It is not intended to umply 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 pregram is shown in Table
VII; the target plot is illustrated in Fig.
16,

]
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Fig. 15. Vertical Hits Versus Muzzle Velocity.
TITIEIO At 1,500 Yards.
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Center Horiz.=—20mil||Probable Horiz.= .28mil

*
of Impact: Ver? =45 imii||Error:  Vert 1 .40mi!

TI171E11 At 1,000 Yards

Fig. 16. Target Plot.
TI7IEIO A} 1,500 Yards,

(T19 Rifle, Rock Isiand Mount)

One T171 Ell projectile was fired from
the T19 rifle mounted on the rigid mount,
and it hit one mil from the leit edge of
the target. The rifle was then moved

TI71E10 At 1,000 Yards
(T19 Rifle, Rock Island Mount)

This program of 10 rounds was fired
with the TI19 rifle mounted on the Rock
Island mount Al ten rounds hit the target,
giving probabie errors of +,38 mil heri-

to the Rock 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 1.1l mil horizontally
and +,30 mil vertically., This group of
rounds, fired with average muzzle veio-
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 24,7 mils and

2 mils right azimuth), No correlation

zontally an %, 26 mil vertically.
group of rounds, fired with an average
muzzle velocity of 1757 fps, had a center
of impact, .0l mil below. and 1,21 mils
to the left of the target center, (when tar-
get hits are reduced to 22,5 miis elevation

and zero azimuth),

The high horizontal probable error
can be attributed to the varying wind velo-
city, The horizontal impact iz shown

of target hits with wind velocity cr muzzle

velocity was found, The firing record is
in Table VIII and the target plot is shown

in Fig, i7.

24

plotted against normal wind component in
Fig, 18, The slope of the least squares
line fit to these data is ,090 mil per mile
per hour. Reducing the horizontal im-
pacts to zero wind velocity, a probakle
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erros 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,

N

Center Horiz.z —1,21 mil

of Impoct Vert

= — 0!I mil

Probable Horlz. *, 38 mil
Error:

Vert. ¥ .26 mil

Fig. 17.

Tarqet Plet,

TITIELE A% 1,000 Yards.

nEseasas et =
3 g [T.I .!. _‘i‘
aaas =t aralos ks TRave v @B e b g SEyBAES e
o 8 | I L Yo e i apids 1y LS] [Io euf
& s, X hw semnil nwhe B &L sl B o w AN R 0 SR SR B il B
5w shalesdbaibel :[NORMAL WIND COMPONENT (mph)|: 111 ] e
e g e Ldtay . 1 . R R L R = R IR AN _‘i

2 i i }.l._Li ..... {‘}1 i

Fig. 18.

Horizontal Impact Vs. Normal Wind Component.
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Center Horiz=-H.146mil|| Probable Horiz.:.i1 mil

of Impact:Vert. =+.297mill|Error

Vert. f.38mij

Fig. 19.

Target Plot.

TITIEIO At 1,000 Yards,

Future

rProgram

1, Determine accuracy of T171E10 pro-
jectile, as shown in Fig. 13 at 2000 yard

range.

2. Determine roll damping rate of T171

26

projectiles for ranges of 1000 yards and
1500 yards,

3. Design andtest Ti71 projectiles with
increased ogive length.
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T120 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 60C £t at spin
rates ranging from about 25 rvs to 100
rps., The actual spir rate in any one
test is determined Ly the cone whose
performance is being evaluated.

The TI138ES57 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
Le 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-

b %""(
S «r;éx:(\fl\\# 44(

signed for the TI138E57 projectile which
will fit between the tee and body of the
presert de sign and provide the added clear -
ance required for penetration, Sleeves
are being rmade and accuracy tests are
planned.,

A sufficient number of T119E1l pro-
jectile components are also available
for use in dynamic penetration tests,
However, the fins need to be redesigned
soas 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 fins would necd Lo be sirength-
ened, This can be accomplished con-
veniently by shortening the fins, Five
TII9E10 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 assernh!e:
projectile 1s shown in Fig. 20, These

S
B 2 AV
(SE 1
—34 N
~x Fois
-

Fig. 20. TI19EIO Projectile With Modified Fins.
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five projectiles were fired from a TI137
E3 rifle equipped with a tube with a 1/80
twist so as to have a muzzle spin rate
of 60 rps at 1700 fps, Four projectiles
were fired tiirough yaw cards for spin de -
termination,two at screens approximately
100 ft from the rmuzzle and two approxi-
mately 496 ft frorn the muzzle. The spin
data are shown in Fig. 21 and Table X
shows the firing record, The fifth pro-

i

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

These data show that the f{ins were not
canted sufficiently to maintain the muzzle
spir and further tests are planned with
fins canted approximately 3° and 4°.
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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 b to 17,5 1b have . een considered.
Cne of the meihods considered was to re=-
duce the wall thickness of the non-ro-
tating body., It was considered dezirable
to determine the minimum permissible
wall thickness. Pages 42 and 50 of the
Forty-First Progress Repori 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 1b and they were 2quipped
with rotating bands. A modified T19 rifie
with 1/20 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
overstressed and should fail in the ob-
served fashion, However, it should be
pointed nut 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 visable
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 thickress, Fig, 24, now show that
even the ,140 in wall has borderline st-
rength and therefore a minimum wail
thickness greater than ,140 in musi be
selected.

A sarmple calcnlation mxle 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,

Praj Wall (W)l _Stress Colculotions (psl}  Sect A-A X Stress Coiculotions (psi . B—
N B T A e B LTS w M O Er
Ts—43 | DRC-b43 | .z22¢ 29,200 | 76,840 |  1i.000 58,000 [ 1,67 T T T
TS-40 I DRC-642 } .180 35,800 | 96,008 11,700 | 78,00n ! 2,00 |
T5-44 DRC-b41 | J140 ' 47,150 123,835 | 12,705 | 115,000 | 233 ! |
TS-45 | DRC-22-766 | .'20 | 75,550 | 148,125 . 13,380 | 321,000 2,49 | 72,550 87,655 l 13,380 ‘ 70,000
TS-46 | DRC-22-704 | .120 78,500 | 159,150 13,989 128,000 z.49 | l )
TS-47 DRC-22-767 | ,080 120,700 | 195,020 | 12,670 160,000 z.82 ; [
TS-48 | DRC-22-767 | .080 140,500 | 228,220 | 15,000 172,000 2.82 l
1550 | DRC-22-769 | .06 145,400 | 279,385 | 13,440 | 224,000 | 2.99 I L {

Fia. 22. Test Slua.

To Evaluate Wall Thicknass Of Atter-Body.
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Fig. 23. Recovered Test Slugs.

tinches)

i

iE IIMufernol-IO‘?bb Steei
“l Rockwell C23 to 27 T
! Yieid Strength-85,000

1 10100,000 psi ‘

R

o - ~ : o I E i
i'F?ESL,"._TA."‘.' .’. STRESS \_:OOO D‘SI\‘_ : 1
‘1 tnree D:mensional Loadin 1 {
sl ngiing e S S T e B PR BRI |

Fig. 24. Resultani Stress Versus Wall Thickness.,
Adter-Body OF Test Slug.
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future Program

l. Serrated Liners

a. Effect of Index Angle

Two lots of cones of the DRD78 type,
described in the Suppicinent Lo the Thirty -
Fourth Progress Report, having index
angles o 5° and 20°, and having minimum
wall thicknesses of .100 in, are scheduied
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
. 100 in, Index angle is 6°, Flute orien-
tation is the reverse of DED78,

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

e, Scaling Studies

DRD267 (3,5 in, base x ,100 in. wall);
DRB704 (3.0 in, base x .087 in, wall);
DRB703 (2.5 in, base x ,071 in. wall),
These cones to have 60 flutes machined in
outside to a depth <f 010 in,, .0085 in,
and ,0069 in, at base datum for each of
three sizes have been manufactured and
inspected.

f., Threaded Cones
DRB998, threaded inside, 60°V threads

28/in,, .0097 in, deep, .0357 in, pitch.

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

DRBIO0V, threaded outside, 60°V threads,
28/in., .0357 ‘n, pitch. €097 in. deep .

Dy
+
i

2
)

DRB1001, triple threaded outside, 60°V
threads, 84/in. .0357 in, lead, .0l119 in,
pitch, ,0097 in, deep.

The above cones have been manufactured
and inspected.

g. DRD393 HW], - This cone has 50
flutes machined on the outside surface
only to a depth of . 0149 in, at base datum
and .005! at apex datum,
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 TI08E40 round
and are to be prepared from P83580Al

cones, Ccones are scheduled for testing
in April,

i, Ten TI19 short fin test projectiles
with fin cant angles 1 1/2 and 2 tim=s as
great as those previously fired are being

inspected and assembled for firing tests.

jo Fifteen T138 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 of
the DRC429-1 type for spin rate and flight
behavior. The total projectile weight
will be reduced possihly to as little as
17,5 1b, and the strength of the ogive will
be increased.

b. Six projectiles are tc 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)
in rear body.

(2) 2 rounds with .120 in., wall (alum)
in rear body.

(3) 2 rounds with ,0606 in, wall (alum)
in rear body,

L
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c. Determination of Strength of Tee
Or Boom, Tees of five different designs
and strengih, using both aluminum and
steel, are to be tested, Manufacture is
completed and tesis are scheduled for
May.,

d. Evaluate efficiency of DRA2]18 and
DRAZ2I15 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,
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PENETRATION STUDIES

Effect Of Cone Angle and Flash Tube
Diameter Upon Penetration

The systematic evaluation o the effeci
of cone angle and flash tube diameter upon

the standoff and rotational penetration _

behavior of 3 -inch corper cones has been
compleied. 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 suminarized in Table XII and Figs,
25, 26 and 27. For detailed information

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

The foilowing two groups of cones were
included in this study,

4. Central tube .628 in, O.D.; 27.5%,
300, 35° and 42° included angle; over-~-
all height 5 in,

b. Central tube 1,000 in, O.D.; 23°,
25°, 209, 35° 3nd 42" included angle;
overall height 5 in,

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

Table Xil

Summary Of Penetration Data
Effect Of Cone Asgle and Flash Tube Diameter

~oné Gen STANDCFF (n ROTATION o
aeate & o8 L6
{_CE‘:TR».L TUBE 0,628 1%,
DRE8I0 21,8° 16,86 ¢, 28 18,22 1,9¢ 16,08 ¢+ 5, 1
DRBAY 0® 17,55 ¢, 38 1,408 13 ecel 1R &9 4wy
DRABIAE {t3e 16,30 1,44 18,858 38 oo 18,52 + 4, 02
DRBALZ 4 16,25 ¢, % 18,104 1,30 ---- 14.5% ¢ 40
i ; : . i
CENTRAL TURE 1,000 IN,
- =
nunaze 23° le.20 ¢ ,5%2 17,09 3,08 17,00 02,02
DRI832 2D To.vo + 1,021 19,00 +2,36 ---- 17,06 +2,23
f DHRBAYS 30° 17,221 47 17,71 01,54 ee-e 20,955 .87
urLBaY 35° 15,821 4,92 1B 1164 ] eeee 18,03 21,17
DRAGAL a2’ ceee (086 31,92 18,06 01,4
- 18

|
footer

Penctrations are reported 43 averages into mild steel target plate, ‘»umhrd deviations are shown !.:r each prnuuuun value,

18,98 ¢

MD lt.v

24

. m'A ONAL BEWAIOR (1% 36 STANDOFF

50 as 90 | ‘80 1

— _ Ly |

zl 18,40 ¢ Tho1e b 88 ol 3l0ar06  s.0asn20 diee.zs |
.51 12 e D P S S DR S
e - 1

— ' —ee— |

| ST als4 1703 1.97110.89 41,26 Catas ases |
7!! |7ue|sz l voo..l !\.I.L .00 ¢ 86 3.58 1,9
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Typical Stondoft vs Penetrotion Cuvm AR ks
representotive of results reportedin the ik s ;
4th, 6th ond 9th Progress Reports.
Ccont.No.DAI-33-01¢-50!

inches Mild Sfe'c-.'r]

titady

Tube Dla. = 0,628 in
O DRBE20-27'2°Apex angie

PENETRATION

A DRegsa 30° Apex Angle
© DRB8B38 35° Apex Angle
) DReB42 42° Apex

Angle

mbol represents S rounds except (O ot
at 16.0in.5.0.: 4 rds.

F {inches)
| FES VR

@#pbr

Fig. 25. Penetration Versus Standoff.
Effect Of Cone Anyle

Fig. 26. Peneiration Yersus Standoff.
Efiect Ot Cone Angle.
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DRBB44-WSB- 42:Apu
DRBB42 -NSB - 42 Apex
DRBB36 - WSB - 30" Apex
DRB834 -NSB - 30  Apex
- Da“‘ Prasented in the Ninth

Rpi Conf DAI-33-019- 501] :

SHERE L

“F?

FENETRATION _inches M.S

LVOL.UTI.ON..: per SECONDl

Fig. 27.

Penetration Versus Rota’ion.

Effect Of Variations In Cone Angle and Spitback Tube Diameter.

Summary Of Study
STANDOFF BEHAVIOR

As shown in Figs. 25 and 26, there is
no sysiematic 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. Thkc rzduciicn in the
flash tube diameter irom 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 39° and 42° cones were tested.
The penetration of the smaller angle cone
falls off more rapidly with rotation as
shown in Fig, 27, The spltoack tube dia-~
meter has noeffect, The 42° cone behavior
agrees excellently with 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 izcken

41

into account,

DISCUSSION This experiment is of con-
siderable interest since the data in certain
respects are in excellent agreement with
earlier work in thic 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 .iauduif behavior and penetration
at fixed standoff are not in agreement
with experiments with 105mm test assem-
blies, (See Twentieth and Twenty-Eighth
Progress Reports). Also, the lack of any
effect of spitback tube diameter upon pene -
tration does not agree with data for 105mm
assembliies 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 io solve the nroblem,

CONFIDENTIAL



-

CONFIDENTIAL

Comparison Of The Drawn and Shear
Formed P83580 Al Cone

‘IW 0 separate groups of P8358C 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 wark 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-
scmblies using No. 2 nose rings.

Table Xii
Suimmmary Of Penetration Data
Comparison Of The Drawn and Sheor Formed P83580 Al Cone

—— o — s ——
STANDQFF (n Rotation (Oepsi
64 06 2 f 2 30

! | 40

SHEAR ronunn‘
CROUP VO, 1 13.820,80 )
$TH PROG, RI T

Coute DAL-33-V17-501-UKD (1) .16 {

i

SHEAR FORMED|

GrRoup NU, 11 ll-‘.sl LR LI
STH PRUG, RPT

Cont, DAI-31-019-8010RD (¥)ale

AN IS RN TS B IS PR LR AR IARY M 1 B L DONE PR T

g ! .
SHEAR FORMFD

AND ANNEALED 15,3 1,18 .- 18,90 ¢ 6 17,29 22,52
1 MR, AT 900°F | ” -

$TH PROG, RPT,

Cont. DAL-33-0iv-301.CRD (P)-1b

Nota:

A0

ROTATIONAL  BEWAY OR (r24) T arando 6 4an l
o B e e €0 90 20 | 188

14,00 61,10 | 12,80 01,22 9,61 40,71 ;o.ﬂ e300 014 0 TRTIZ 2 1A B0 S04 1T QRO S 2 TY MO 10y | RS bl i) e 5,83 5.87

. i - . .

HOSL N 0N 1407 1 ke 0BT 04 1R S0 e 0 990 069 a8y e1.ez]

- + . e L - 4
DEEP DRAWN | . ]
UTA PROG, RPT, 15,32 0.9 (15,83 .40 16,95 +. 8% | 14,42 +1.43 1902 0.9 1a 11 o1 20 12,44 0,30 .30 0038 7,93 4 08 o 5.4% 0,82
Cont. DA1-33-014-801-0RD (P}-16 '
e —— il | b e . S o 2 T L L ! A % SRR, SRS

Peoetrations arc ~eported a6 sverages Into mild steel targes plate. Standard devialions are shown lor cach praeiration value,

"Shear Farmed"

~| and Annetled

Lot T Cones

Shear Formed Lot
equivalent to 30rps

Hig Standotf fin)

Fig. 28. Penetration VYersus Standoff.

P83580 A! Core Study.
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Fig. 29. Penetration
P83580 Al Cone Study.

Effeci 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 falls off,

The relative performance of machined
and drawn 3,5 inch, DRB398 copper cones

Versus Rotation.

was described in the Twenty-Seventh Pro-
gress Repart, It was shown that the ma-
chined canes retained their level of pene-
tration at very long standoff distances
mauch better than did the drawn cones, The
difference was attributed to the wall wavi-
ness of the drawn cone, A simila<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>