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ABSTRACT

BAT 90mm Projectile - After developing a suitable charge, ten BAT
90mm folding fin type projectiles were fir=d for accuracy at 1009
yards. The projectiles appeared to fly well but the dispersion was
large suggesting that the stability of this design of the projectile may
be marginal,

The body and ogive were cemented together and there was no
indication either in flight or on the target that the union had failed.

T171 Projectile = Two new T171 projectile modifications having 2 and
2.5 caliber ogives are illustrated. It is believed that the longer
ogives will result in a flatter trajectory and shorter time of flight,

The static stability and drag coefficients were calculated for the
E12 (2 caliber ogive) and the E13 (2.5 caliber ogive) modifications
and are presented here. The static stability of the El12 and E13
models were found to be comparable to the E10 modification and it is
concluded that the slow roll imparted by the nylon obturator will be
sufiicient for dynamic stability.

Ten T171E10D projectiles were fired for accuracy at 2000 yards,
The seven rounds which hit the target (three expended in getting on
target) gave probable errors of dispersion of t.36 mil vertically and
+.35 mil horizontally.

Ten T171E12 projectiles were fired for accuracy at 1000 yards,
All ten rounds hit the target with probable errors of dispersion of
4.29 mil vertically and +.24 mil horizontally,

Two T171 test slugs were fired at low temperatures (-60°F)
to cdetermine the effect of low temperatures on the spin-inducing
qualitizs of the nylon obturator. The spin measured on one round
was 12 rps which would be satisfactory for stable flight, The pop-
out pins did not function on the second round,

T120 Projectile - A discussion is given of bearing systems and iub-
ricating films for bearing systems for double body projectiles,
Both static and dynamic tests were conducted with modified Lube -
Lok coating on DRA218-DRA215 bearing systems. In each case the
modified coating showed reduced coefficients of friction.

Fifteen T138E57 type projectiles with and without sleeves (to pro-
vide added clearance for penetration) were fired for accuracy at a
478 ft target. The data show that the accvracy of these projectiles
at 500 ft is adequate to permit their use as carriers in dynamic tesis
of fluted comnes.
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f’enetration Studies - Tests were conducted to determine the effect

of spin and coae wall thickness on the performance of machined
2S5-F aluminum ccnes at both ordinary projectile atandoff of 7.5 in,
and at optimum standoffs (for the aluminum cones) of 42 in, and 48
in, The data are presented,

Tests were conducted to determine the penetration efficiercy
of a heavy apex copper cone, The cone design is illustrated and the
inspection and penetration data are presented, The average pene-
tration is higher than for the controls at 7,5 in, standoff and it ap~
pears that the design of the apex aids the cone collapse mechanism,

Fuzes - The data are presented for a series of tests to study the
sensitivity of "potted lucky' nose elements, The various phases
of the study, the conditions of firing, and the results are presented
in this report.
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BAT 90 MM. PROJECTILE

Folding Fin Projectile

A new design of the BAT 90mm folding
fin projectile, shown in Fig, 1, has been
fired for accuracy at 1000 yards., This
design is similar to the E4 modificaticn
shown on page 5 of the Forty-Third Pro-
gress Report with the exception that a
2.5 caliber ogive was used instead of the
3.0 calibe=~ ogive,

Charge Development

A charge establishment firing was
conducted prior to the accuracy firing,
The range data are shown in Table I,

Although the recoil unbalance of the gun
for the establsihed charge was excessive,
it was decided to proceed with the accuracy
program cn the supposition that any jump
in the gun would result in the same effect
on all of the projectiles.

1000-Yard Accuracy Test

Ten BAT 30mm projectiles of the type
shown in Fig., ! were fired for accuracy
at an 18 ft by 18 ft target at 1000 yards,
The range data are presented in Table II.

The projectiles appeared to fly well and
a minimum of yaw was recorded on the
target, Probable errors of dispersion
for ten impacts were +.83 mil verticai
and +,81 mil horizontal,

The large dispersion of this group in-
dicates the marginal stability of this de-
sign of the BAT 90mm folding fin pro-
jectile, This marginal stability may have
resulted from shortened fins and tapered
tail section,introduced in an attempt to
reduce the drag,

Anocther factor which may have affected
the accuracy was the excessive recoil of
the gun, This recoil unbalance will be
corrected before another accuracy pro-
gram is conducted,

The projectile design fired in this ac-
curacy program had a body with a thinner
wall (approx. .135 in.) than any previously
fired projectile, The body and ogive were
cemented together with plastic bonding
agent Shell Epon Adhesive VI (see pages
3 and 4 o .he Forty-Fifth Progress Re-
port). There was no indication in the
flight or on the target that either the body
or the union had failed,
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Fig. I. New Design For 90 mm. Folding Fin Projectile.

2'/7-Caliber Ogive,

Future Program

i. Forty E2 projectiles are being as-
sembicd and 20 will be fired for accuracy
at 1000 yards and 20 for accuracy at 2000
yards,

2, Low temperature tests of the fin
opening mechanism will be conducted.
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T171 PROJECTILE

Projectile Desiuns

Two new 4171 projectiles, designated
the E12 and the £12, have been designed,
Both of these projectiles use¢ ine g2me
body and tail as the T171E10 projectile;
the 1.5 caliber ogive of the E19 is re-
placed with & 2,0 caliber conical ogive
to make the E12, and with a 2. 5 caliber
conical ogive to make the E13 configu-
ration. These configurations, and their
component parts, are shown in Table III,

The increased ogive length will serve

to reduce the drag force acting on the pro-
jectile, resulting in a flatter trajectory
and a shorter time of flight, Thus, the
effect on accuracy of variations in range
estimation, sighting of the weapon, and
muzzle velocity should be less fcr these
two rounds than for the T171E10 projectile.

The penetration potential ‘vith the T171
round should be improved by the u1se of a
longer ogive, since the optimum standoff
for maximura penetration is greater than
1. 5 calibers for this type of round.

Table I
T171 Projectile Types
Components Of E10, E12 and E13 Modifications

Type Pictures Component Parts Drawing No.
T171E10 1 1/2 caliber conical nose DRB183-1
Body DRC193 -4
6-Finned, Erd Plated Tail DRC132-3
T171E12 2 caliber conical nose DRB-14-951
Body DRC193-4
6-Finned, End Plated Tail DRC1322-3
T171E13 2 1/2 caliher conical nose DRC-14-778
Body DRC193-4
N VY T S 6-Fiansd, End Plated Tail DRC132-3
i, i e \.-;-,—.;:;-—F-/
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Stability

A normal force coefficient, restoring
moment coefficient, and center of pressure
were estimated for the T171E10 configur-
ation, using T131 projectile wind tunnel
data (BRL TV 565, Wind Tunnel Tests of
the T131, 105mm HEAT Prcjectiie, by
R, H. Krieger}, Assuming that

If the difference in these aerodynamic
coefficients and centers of pressure for
these three configurations results only
from the difference in the aerodynamn.ic
coefficients and centers of pressure of the
three ogives, the norrnal force and restor-
ing moment coefficients and centers of
pressure for the E12 and E13 can be esti-
mated. These data are tabulateq in Tabie IV,

Ky = KNICP-CG) = [Ky(CP-CG)] + [Ky(CP-CCl
Nose-Body Teit

the normal force and restoring moment
coefficients and center of pressure of com-
ponent parts of the T131 projectile were
found., Applying this information to the
T171E10 configuration, values of normal
force and restoring moment coefficients,
and centers of pressure were determined.,

The normal force coefficient and center
of pressure for the 1.5, 2 and 2, 5 caliber

These estimeates indicate that the static
stability of the E12 and E13 projectiles is
comparable to that of the T171E10, The
slow roll imparted ts the Ti71 rounds 3y
the nylon obiturator, DRA-14-1281, sh>um in
Fig. 2 should be sufficien® o provide dy-
namic stability for boin deaigns.

conical ogives were calculated by Tsien's P o
' equations, 080 _‘.“‘ 1 .6°°'-°°5
s=py — T e
: <. =T nY¥n?-i E l
. R
| N 4 cosh 'n+n‘Vn2—l ] L |
l cp =4 i AR EY
' 3 - L] D & a
o T 2 ~ g
! = where 3 ¢ 8
#’ . _cot Es o
) n I — =100 I
%52 =
| | |
A = semi-cone angle L l \
) g S\ ———

Mach number

e =
"

distonce from vertex to
base of cone.

Fig. 2. Nyloa Obturator.
Firestone Drawing No. DRA.14.1281,

Table IV
T171 Projectiie Aerodynamic Data
- At Mach 1.72
: Type K CP-CG K K i
yp M (cal) N ) l7z.2
E10 -. 720 -. 471 1. 530 . 233 1. 85 -
El2 -. 670 -. 417 1. 606 . 196 1. 57
E13 -. 828 -. 505 1, 640 . 190 1. 52
_ 1 EREE
==
7
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Drag Function

The drag force coefficients for the E12
and E13 projectiles have been estimated
on the assumption that the decrease in
drag (from the T171E190) is due entirely
to the difference in drag force on the coni-
cal ogives. Drag coefficients for the 1, 5,
2 and 2,5 caliber ogives were calculated
using the equation of Karush and Critchfield
(The Drag Coefficient for a Cone Moving
with High Velocity, NDRC, Armor and
Crdnance Report No. A-125), where

Ps
2

IDU

KD = ., 7854

where
Ps=surfoce pressure on cone

H

velocity of cone.
air density

u

P

The drag coefficients for the E12 and E13
configurations at Mach 1. 72 were obtained
by adding the difference in drag coefficients
of the cones to the value of the drag coef-
ficient of the T171E10 given in Fig. 16,
Thirty-Seventh Progress Report, The
form factors, based on Type 7 projectile,

were then calculated for the E12 and E13
configurations, These data are tabulated in
Table IV also.

Accuracy Tests
T171E10 At 2000-Yard Range

Ten T171E10 projectiles were fired for
accuracy at Erie Ordnance Depot. These
projectiles were equipped with nylon obtu-
rators, DRA-14-128], and placed in the
shell case as shown in Fig. 25, Forty-
First Progress Report. A T19 rifle, with
a 1-20 twist tube was used for this pro-
gram. The target was placed approximate-
ly 2000 yards from the muzzle. The firing
record for this program is shown in Table
V.

Three rounds were expended in gettin
on the target. The remaining seven rounds
hit the target with probable errors of I . 36
mil vertically and t 35 mil horizontally.
This group of rounds, fired at an average
muzzle velocity of 1690 fps, with 62 mils
elevation and Z mils right azimuth, had
a center of impact . 82 mil below and . 50
mil to the right of the aiming point, The
target plot for this firing is shown in Fig,
3.

HPE « +.35 mi
VPE ¢ +.36 mil

Fig. 3.

HCI ¢ +50 ml
Ve o -82 mil
| R %

Taraet Plot.

TITIE!G Projeciiie At 2000 Yards,

TONFIU
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COCNFIDENTIAL
Ti71Li2 At 1000-Yard Range

Ten T171 E12 projectiles were fired
for accuracy at Erie Ordnance Depot, from
a T19 rifle at a 1600-yard target, These
rounds were equipped with nylon obturator
DRA-14-1281, and vlaced in the shell case
as shown in Fig. 4. The firing record
for this program is shown in Table VI,

All ten rounds hit the target with prob-
able errors of .29 mil vertical and t ., 24
mil horizontal, This group of rounds,
fired with an average velocity of 1691 fps,
at 22 mils elevation and 2 mils left azi-
muth, had a center of impact . 87 mil left
and . 75 mil above the target center, The
target plot for this program is shown in
Fig, 5.

POSITIONING RING

ROTJ‘-\TINA)

Fig. 4. TI71E12 Projectile In Shell Case.

3
2
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®
e |
8% a
[ 2 3
3 -2 -1
-1
-3
HPE = +.24 mi HCI = -.86 mil
VPE = +29 mil Vel = +.74 mil
Fig. 5. Target Plot.

TITIEI2 Projsctile At 1000-Yard Range.

11

CONFIDENTIAL




Swa?g et O 3 (Sllui}|ojuozisoH
F g some & 7 Sty Ag be o FSIWI031IAA
CaiADg O SN0 140033 3|q0qosd . 5 $9ou0}s:0 :__08 "EEYEL]
tu\\.e\u»\.\su:o_m eul\\ai.mazo._oso&33353::8Tl.%%!.f'\:% 4 \.f.w\+\nmdn|..o_.§g

_ B

+

€697 (27297 ooLé

pybi p pOOH | |2 [SSE~ 2 DZ6 0-|Lb3 O ££ -| ZE~| 22— 27 P69 | 209 oopsd |StrorZ| z8Ls or
282/ |$€59/| ©O26
3 s7byy POS| 2z (550- 2| -— |£/2 - |ewod ke yeese] 22 - 2297 |0FLI| o0l6 [W17702 18U/
| §37/ | €959 ©009%
i Py ke e T WAk m..\\\\\« wdihpyy A6isF LO°D | 512 |SpE— p| -— 250 /-|5580H Y LE | G0E| 22 - 98| Z-| 9V (o] 0056 107702 8¢/ i SEIL
v { £69/ | 223/ ©OFS

1 LEB 0w SO puw I piuef 0 unk buraiy ARt sy S¥8/ 4 PO%D | 0s2° [020-YE| — 089°0- 585 14|V vz-|Y. 95+ 22~ 99| 2-| zev/ |98 ococe |grimA 2@ L beee
£69/ 502y ocové ]

TPt TP RIS .,
1
I
~
o
~ N
' '
N
8
$ ~
m L
N N
~ ~
i P » " —
mew’(
L s
> G e Tt :;‘-,j‘f

- 4984 poeay | car |500— o] LSI1 | B 01200 W€ - St o] 2296 2-| 249/ |DbLY| 0256 [EPTO 287/ 54 fe2L =y 3
! o1 |evL9| oo00s
A )0 ) WE O PO Y prows O wnb buiary aarsp %5 poo0 gz [oso— €] — [Tosii-rEsitie] ss -lweoel zz - 99 2 - €y |Oo6| 0086 YeSeOZ vB LI S ZEZL A
-— (evs 6959/ o0ss —
[ dybrsy PoOSI9g2 |oodo— 9| — |tsTo-|iepee] 6 -| St 42z -9 Z-|&#%/ Ly 0056 (USEN2| TWL/ i 1§24 -
859/ |€ 959 | QOovs _ 2
N Y8 7 P9 fgz 1520- £| v/ (L2 O Mow.oxdwow.:\. Gre| 22 -9 2~ | 699 eS| oozs L0290 2| £E8TLI b 0FZL N
§ w | ! 1 698/| 00f4 i
swbisy see0| — |sse— 9| gcssi€970- au.?.u\‘NN. LZ +| 22 ~28 Z- |59/ |9 /(%1]| oops [1eL202) 29Li =4 bs22L D
(& M —_ N ooss
— pybirg w rwh oswog yydi g pesnl — oco- p| B/ ai.o.quv? Ve Fz-|v, Lre| 22 - 98 Z-| — = cogs |wwpvl?l 28¢l| 2 g2z -
(T 41750;]| Gap-yow (sdj) | 240K | ‘149A | ‘zpion| i 13A] s3dns[osaz jongay | aysuf[RWNOSIRVIY (53s) [ (qN) [V 18
$U0|40A125Q0 w0y | N10BRA| 2013 | EIW) - 4iH 40| (Saudut) rw | GUEAETadgy | () 689 uuaio) jybiam | SHRUIN) 9T ON
Zz piois|  puim [jovmusay 150d PaI23110D | 1M 10 voluisog| uOLOAR(T | WITV | Ayo0pn a1220W! saquoyo| Wil | foig | 1OMd] PuncY V4
. £ udquy IlI.k.n.a Eloom o.w_voo.._ T vws 9¢  UdIM buiily (Jo5z ja g /PR O
O 7,24 WIS UIN T e YON = u0}5U0D e L 5
Jujzodon 755 ONu2s 3 adky aegmariyge weshny $34N034 |0123¢S
L AR )
Q 18aan10s9dwal AT sunow 57779 £2'0 104004 pI0j3Y (@)
(752455 52 4T Toevuny wwbs asog ANDIDUINGIS —oT 7, 5 010 13I0amod
F PO~ 135852 930D 1134S (e v %, t-9592-xpcz/ 2ANL nee = 7 00130507 9D
(e Rr) LS Awlid ITwoez( v advA WaAbuusng i
&5 2Ot od ON 107 (Pos sewij ) T6 /-7 5EIIZ 1IAWOUD 7By gz er sWOIM
Teor arg MOPM TS0 M T ory 994 5 'ON 1018 sy adAL
UL [ J%] I8, 008y w50, adk} — T 19PON

(<4 b oy wosf

om.lwuo\u..vN warg g0 duiy) PR OOGr d0u0Y Yo 19POW__
VIVQ SNO3NV1130SIW NAD LS3L 371L33royd
IvTeg peo siezy U000
ZIS1CiL #° Dov-nbog wwiwazap ¢ "53] j0 asoding D55 72 P oy 459110 40d
. 0T iaaus
spa0A 0001

ojp0loid ZiILL1l $O Aopindny eujwiejeq ol
IA o|qp)L




Swy 59 920 H.?:Ev 104uoT110H

g eeL &7 Swy g L0 T (SHWHOIIIA
TPy o7 $I9AIQ0 140113 9|q0Q0id
g oA v s Paubis o FA 7 J0110 J00Id T v o- fadez 0+ 4000W] JO JU3D
22 22
12 12
o2 <
6. €1
8! 81
H il m |4 i
9l 9l
1] Gl
14 vl
€l <!
2! 1 W
o Mv" M:oo.um. oE_to:w Mv“ |
< . b—seaz—it. : <
- 8 .QSEJ 8 —
4 4
-
o G I I 3 —  §
N MIYBP O By f I I CTO YA OB 0D TR DY P (Y P PO § Y 10D wmsaf buorda pusdns g pwe, Y05 wotf bwiporas ysoiyf o N m
e w 3 o, “eoo & - ns - o rLld i ” y g
E WI OO S MesOy osf Copp ity VAL - P AL R PP SO AUCApEND IS ) Ruyy b —t »M
Doeg g0 fSE piew §O SO Sh By lirw (O wo by PIOG bwosif ssiyly 0 LT o oy D 28T [
D SO J O pfBy fre D BAOISWIL (L) AuB 0 7% 04 pr0s pyors 2F woac Iy PYEED T A2 — D ,
— i CBY 0 yyhiS Soep capm wlB OO SSIB, DL Lty f OOy O By 0D O L 8L Y IT PaSG VIO s
w “Z10H ] 19 | "2120H] 319A[sadns]osez _— jongy [ .:.Exnﬂ_mvsu_w: (zo-q)) QN PR [T
SUD140AI23Q0 BIW) -HH o[ (sydul) (s | (3 [CEP) OS5 iubiom| jubiam | JIRON| SSTUIN
Z F150d P#439110D| 4IH 40 wopiend| uoiora3 | WY | KyoopAa 31220W| jaquioyd | 1199049 1oud foig| punoy 7
— " aquy wooy Bupoo ———————— 23N buiny i
tudsasd ‘uly ‘XOW O}SUO! —_
O dujzobow ON 43S .ogw $3Jn1014 1099dS ﬁ..u
C :$9an40sadway - JunO T 10404 'PIOIY n, (
Jaun -dinb3 buiwbis rm——————0|Q {3|3208
EE—— T 1 I TETTT aqQny O ot <
T T T aawpg — T VAL TV T uoKeI07 9y R
— __ON 107 T quoy) T 01IM
BIIM QM adky T onlowss 277 9L
;puoladoud Tre,, soey <wego, ¥0kL ———————\3poN
»Fooo, Ibucy TG T 13pON _ sers !
' vYivd SNO3INVII13ISIN NN9 1S3 371103royd
T JeTag pro d.az YOI020T)
2/ F/L /s F© PIOInISL vuiwis o oy 1831 40 ¥soding |§l—noh j0 9340Q
€ 1077 1s

(‘1uod) 1A 9|qn}L




CONFIDENTIAL

Low Temperature (—60°F) Test

Two T171 test slugs, Fig. 6, were fired
to determine the effect of low temperature
on the rcll inducing qualities of the nylon
obturator, DRA-14-1281, and the effective-
ness of powder ignition by the modified
(13 inch) M57 primer. These rounds were
placed in the cold box, set at -60° F, at
11:15 on May 6, 1954, and left there until
they were fired at approximately 1:30 P, M.,
on May 10, 1954, The rounds were fired
from the T19 rifle, through a series of
five yaw cards, and into a recovery box
180 feet from the muzzle, The firing
record for this program is shown in Table
VII,

These rounds had an average muzzle
velocity of 1493 fps, with an average cham-
ber pressure of 5, 100 psi, indicating that
powder ignition by this primer at this
temperature is satisfactory. The spin
measured on round 1 was 12 rps, which
would be satisfactory for stable flight. At
70° F, spin rates of fram 11 to 24 rps have
been reported previcusly (Table IX, ¥orty-
Third Progress Report), The pop-out pins
on round 2 did not function, either because
of a very low spin, or because the pins
were frozen to the projectile. The spin

data for round 1 are shown on the firing
record.

Mylon or Rubber\ﬁmotinq Bond

Fig. &.

14
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TI71 Test Slug.
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T120 PROJECTILE

bras.
e

Double Body Projectiles

Various types of bearing systems have
been evaluated for the purpose of determin-
ing their usability in a double body pro-
jectile (Supplements to the Ninth, Thir-
teenth, Sixteenth, Twenty-Fifth, {wenty-
Sixth, Thirty-Fourth, and Thirty-Fifth
Progress Reports), It is evident thata
double body projectile can operate effi-
ciently only with an adequate bearing sys-
tem between the two projectile sections,
This bearing system must be capable of
accepting the thrust load, caused by set-
back without developing a large frictional
torque. Since the thrust loads developed
in the BAT weapon are not unreasonable,
studies in this laboratory have been di-
rected toward the development of a bear-
ing system capable of accepting the full
thrust load.

Early studies with caged thrust bear-
ings indicated that the bearing cage locked
the balls or rollers and prevented proper
functioning of the bearings, and that cage-
less bearings gave consistently better
results,

Various pivot bearing designs includ-
ing spherical, hemispherical, and flat
types, incorporating different types of
oils, greases, and solid lubricants have
been evaluated. Tests have continued and

L

in the latest a DRA 215 and DRA 218 step
bearing system coated with Electrofilm
Corporaiion's solid film lubricant Lube-
Lok was evaluated and reported in the 3
Supplement to the Thirty-Fourth Progress ‘
Report, It should be noted that coefficients
of friction of the order of .3 were obtained
at low loads for this system, but that with
progressively increasing loads the co-
efficient of friction decreased and was , 2
at a bearing pressure of 20,000 psi. Re-
cently Pyrene Manufacturing Company of
Newark, New Jersey, suggested a change
in the Lube-Lok coating as a possible
means of improving the results obtained
at low loads and a recent test of the new
coating has been completed. For the sake

of simplicity in this report, the coating
used in the test reported in the Supplement
to the Thirty-Fourth Progress Report will
be referred to as lubricant No, 1 and the
coating used in the current test as lubricant
No. 2. (For detailed information on these
two coatings see Fig., 8).

Static Tests

Static loads from 500 to 10, 000 lbs were
applied progressively to the DRA 215-218
bearing system through the testing arrange -
ment shown in Fig, 7. In this testa pre-
determined load was applied, the torque
measured, and the load released, before
a succeeding load was applied.

—ri=rg2~CBEARING
1

7777574
! LATEN OF TESTING MACHINE

| 11 s}
>
TORQUE ROD

— BEARING

| SPLATEN OF TESTING MACHINE

/ DRA-215 > |
DRA-218 Vs //4// Z

Fig. 7. Bearing System and Static Test Arrangement.
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The loads were increased progressively
until the limit of the torque wrench was
approached. Table VIII gives the results
of this test along with those reported for
lubricant No. 1. Fig. 8 shows the load
torque curve for the DRA 215-218 bearing
system with the two lubricants. At all

DENTIAL

loads above 2000 1ts, lubricant No. 2
developed a torque nearly 200 1b-in less
than that of lubricant No. 1, However,
in neither case, did the static tests with
the Lube-Lok coating approach the resuits

obtained using an excess of molycote, (see
Fig. 9).

Table VIN
Static Test Data
DRA215-218 Bearing System
Lood Pull Torque Arm Tm?"*“’F:‘:; Per
fLb) wh) ) Jan—t [(o—wm
| Lubgicant  Mumber |
250 o4 22
500 16 ] 128 64
750 24 ] 192 %
1000 31 | ] 48 124
1500 42 | ] 336 168
2250 M 14 476 238
2750 42 14 588 294
3050 45 14 630 315
4030 P 18,63 01,1 400,6
5000 50 18,63 931.9 465,98
6000 57 18,63 1061.9 $31.0
__Number 2
500 3.0 12 36 18
1000 5.0 12 60 30
3000 14,5 12 174 87
$000 42,0 12 504 252
7000 40,0 18 720 360
2000 $3.0 18 954 477
9003 60,0 18 1080 540
10000 46.0 24 1103 $51.5

(]
@
2]
o
o .....
2
[
o
3
Q
.
11 nhafnuhsin i
LUBE- LOK TREATMENT
4 | Lubricant No.| Lubricant No.2
5| 1.Dipped in Sunoco Spirits |.Dipped in Sunoco Spirits |4
il 2.Sand Roiled (5 min) 2.Sond Rolled (5 min.} i
4| 3.Parker Lubrite (10min) 3 Parkar | ubrita (10min}
illeq 4253 Base Coat °4.4253 E5se Coat
C ©5.4856 Top Coat ©5.4396 Top Coot
6.Cure | hour (400°F) 6.Cure | hour (400°F)
®Electrofilm Specification Numbeyr
3 Pyrene Mfg.Co Newark, N.J
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Torque Behavior.

ORA215.218 Bearing System.
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Load Torque Behavior.

DRA215-218 Bearing System,

Dynamic Tests

To evaluate the No., 2 Lube-Lok coating
under dynamic loading conditions, two
double-body test projectiles with DRA 215~
218 bearing systems treated with this lubri-
cant were fired from a T19 rifie, through
spin screens, into a recovery box, Table
IX is a record of the firing data and illus-
trations of the projectiles used appear
there.

The first round had a measured epin
rate of 26 rps between spin screens 1 and
2, and a spin rate of 28, 6 rps between spin
acreens 2 and 3 (calculated on the assump-
tion that the velocity was the same as for
projectile No. 2). The second round had
a spin rate of 18, 7 rps between spin screens
1 and 2, and a spin rate of 19. 9 rps between
spin screens 2 and 3, The results indicate
the ‘'non-rotating" section of each projectile
was rotating at a rate equal to approxi-

18

mately 10% to 12% of the apin imparted
to the projectile by the tube, and that there
may have been an approximate 1% increase
in spin rate between the first and second
screen pairs, a distance of 12,45 €t. The
latter observation is not believed to be
sufficiently precise to be significant,

No muzzle velocity waa obtained for
the first round because of a malfunction
in the chronograph. A reading was obtained
which resulted in a calculated muzzle
velocity of 2834 fps (instrumenial), but
this is obviously in error since earlier
firing tests under similar conditions gave
velocities of between 1650 and 1700 fps,
which is in agreement with the 1655 fps
muzzle velocity obtained for the second
round, Both projectiles were rccovered
and an examination of the bearings dis-
closed severe wear of the L.ube-Lok sur-
face and some brinelling of the bearings.
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Coefficient OF Friction, Static and Dynamic static tests of Table VIII. The results are
g shown in Table X and the bearing pressure-

Coefficients of friction for DRA 215-218 coefficient of friction relationship is shown
bearings with each lubricant were cal- in Fig. 10. 3
culated for each of the loads applied in the i

= Table X »
&= -

- Coefficient Of Friction
DRA215-218 Baaring System Under Load ;

L ".l'

i LRI (0'3- o) %
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Fig. 10, Effect Of Bearing Prassure.
On Coefficient Of Friction,
DRA215-218 Bearing System.
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As was stated earlier in this report, the
primary purpose of this current test was
to determine whether this new lubricant
would be effective in lowering the coef-
ficient of friction at low loads. It is rela-
tively clear from the graphs (Figs. 8 and
10) that this has been accomplished; how-
ever, as the loading is progressively in-
creased the new lubricant appears to under -
go a change at some point between 2000
and 4000 1bs and additional points seem
to parallel very closely those plotted for
lubricant No. 1. It appears that the co-
efficient of iriction for lubricant No. 2 is
leveling off at a value of approximately
0. 15 in comparison with 0. 2 reported for
lubricant No. 1.

Using the calculated pressure-time
curve shown in Fig. 11, page 16, of the
Supplement to the Thirteenth Progress Re-
port, and the known physical constants of
this system, average effective coefficients
of friction for the dynamic test were cal-
culated to be between .28 and . 038 witn
the No. 2 lubricant. However, it should
be pointed out that the double body pro-
jectile assemblies used in this test differed
from those of the earlier test in that they
incorporated a Fafnir angular contact bear-
ing, number 7201 K, as a pilot bearing in
place of the DRA 215 pilot bearing, It is
believed that the 7201 K bearing mini-
mizes side thrust and largely eliminates
the torgue which would result from this
side thrust, Therefore, it i8 not certain
whether the lower 8spin rates obtained in
the dynamic tests with the No. 2 lubricant
results from the lubricant alone or from
the 7201 K bearing.

Dynamic Tests Of Compensating
Liners

The problems invclved in selecting a
projectile for dynamic firing tests with
spin compensating liners were discussed
in the Forty-Fourth Progress Report,
initial tests were conducted using T119-
E10 projectiles, equipped with rotating
bands and fins modified to maintain a pre-

21

determined spin rate over the desired tar-
get range of 530 it. However, measured
spin for these projectiles indicated an
approximate decrease of 50% over that
spin imparted to the projectile by the tube.
Data for this test are reported in the Forty-
Fourth Progress Report. In that reporta
future program was outlined in which T138-
E57 projectiles were to be modified to in-
clude a cylindrical section between the tee
and body, thvs providing the added clear-
ance required for penetraticn, Projectiles
with sleeves 1 in and 2 in long were pre-~
pared and have been tested for accuracy.

T138E57 Projectiles

¥Fifteen T138E57 projectile were used
for this test, Five rounds were assembled
with a 1 inch sleeve placed between the tee
and body and a second group of five rounds
were assembled with a 2 inch sleeve placed
between the tee and body. The remaining
five rounds were assembled as standard
T138E57 projectiles (without sleeve} and
were fired as control rounds (see Fig., 11
for assemblies). All were inert loaded
and fired for accuracy at a 478 ft. target.
Each projectile was equipped with a DRB
360 rotating band and fired through a T137-
E3 rifle with a 1/80 twist tube so as to
have a muzzle spin rate of 60 rps at 1700
fps muzzle velocity. Table XI is the firing
record for this test, The target used was
a plywood panel (4'x8'x1/2") located 478
ft from the muzzle of the gun, Fig, 12
shows the target and position of hit, Table
Il is a summary of the results obtained
from this test.

These data show that reasonable accu-
racy can be maintained over a 500 ft range
with the T138E57 projectile using both the
1 inch and 2 inch sleeves. Since the spin
rate of this projectile can also be controlled
by the use of rotating bands and a tube with
the proper twist, similar projectiles will
be used as carriers for dynamic fluted
cone tests,
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Table XIii
Summary Of Flight Test Results
T138E57 Type Projectiles
Round Center of Impact {mil) | Probable Error (mil)
Number Aiming Point Vertical | Horizontal | Vertical | Horizontal
.
GROUP No. 1 NO SLEEVE 3
TRI1-5 Center Of Upper 5
Half Of Target -~ 250 -.232 +.257 t.250
GROUP No. 2 1-INCH SLEEVE
TR6-10 Center Of Lower
Half Of Target +.406 -.017 1.260 1t.564 :
GROUP NO. 3 2-INCH SLEEVE ¥
TR11-15% Center of Band +,128 +,244 t.289 t.825 9
Of Tape 4
Group | Group 2 | Group 3 ,
Average Projectile Weight (1b) 14,46 17.55 18,75 _ i
C.G. Location From Base (in) 4,95 5.36 5.83 <
Axial Mome nt Of Incrtia (Ib-in?) 43,9 44,26 46.59 !
Transverse Mome nt of Inertia (1b-in?) 204,0 231.4 271, 0 3
Future Program i
1, Serrated Liners e. Scaling Studies g
DRD267 (3.5 in, base x .100 in, wall); -
a. Effeci of Index Angle DRB704 (3.0 in. base x ,087 in, wall); A
Two lots of cones of the DRD78 type, DRB703 (2.5 in, base x ,071 in, wall).
described in the Supplement to the Thirty- These cones to have 60 flutes machined in 3
Fourth Progress Report, having index outside to a depth of ,010 in,, ,0085 in., ’
angles of 5° and 20°, and having minimum and .0069 in, at base datum for each of é

wall thickness of ,100 in, have been tested
and will be reported in the June report,

b, DRD433 item 2 and item 3 cones
(Index angle 6° and 2°, respectively) are
being manufactured. 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 DRD78,

d. DRD434 item 2. Same 25 (c) ex-
cept flute depth is .060 in,

24

three sizes,

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

DRBI000, threaded outside, 60°V threads,
~ 28/in., .0375 in, pitch, 0097 in, deep.

DRBI1001, triple threaded outside, 60°V
threads, 84/in, . 0357 in, lead, .0119 in,
pitch, .0097 in, deep.

The above cones are being tested.
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2. Double Body Projectile Study.

a, Six projectilee are to be fired to
complete the study on the determination
of minimum wall thickness required in
non=-rotated body. The projectiles have
wall thicknesses as follows:

(1) 2 rounds with ,180 in, wall (alum) in
rear body,

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

CONFIDENTIAL

or
a

(3) 2 rounds with ,060 in, wall (alum)
in rear body.

Assemblies are being inspected,

b, Determination of Sirength of Tee
Or Boom,.Tees of five different designs
and strength, using both aluminum and
steel, are to be tested., Manufacture is
completed and tests ars scheduled for
June,




O AT

e itaniiiand it

CONFIDENTIAL
PENETRATION STUDIES

Aluminum Cones, Effect Of Spin

The present experiment was under-
taken to determine the effect of spin and
cone wall thickness on the performance
of machined 25-F aluminum cones at stand-
offs of 7.5 inches and optimum standoffs
of 42 inches for a . 100-inch wall and 48
inches for a ,200-inch wall cone, The
effect of standoff and cone wall thickness
and a comparison of 25-F and Alloy No.
43 aluminum cones were presented in the
Thirty-Eighth Progress Report,

In this experiment ihe cones were made

to DRB 398 HW3 specifications and as-
sembled in DRC 376 test assemblies with
No. 2 Nose Rings (Figs. 35 and 36 of the
Thirty-Seventh Progress Report). The
cones were machined from 2S-F bar stock
to wall thicknesses of , 100 in, (Item 1)
and ., 200 in, (Item 5). Copper DRB 398
HW3 Item 1 cones were used as controls
for the study.

The cone inspection data are recorded
in Tables XIII, XIV and XVI, The pene-
tration data are shown in Tables XVII,
XVIII and XX and in Fig, 13.

TR (ST T H T RS H IR

¥l Orawn Copper Controls

§ f‘ +3 10H. ’l’“'l""'{h“h:"l"" 8

e lagise

.100in. Woll
.200in. Wwall

>r@o

-100in. Woll- 42 in Stondoff
}7.5 in. Stondoff

.200in. Wolt- 48 in. Standoff

re=y

[PENETRATION - INCHES MILD STEEL JFjis

Jeets covey

bt IR T

ymbols represe

[SIC SITECITIN:
Tifrresgestt

Fig. 13. Penetration Versus Rotaticn.
Effect Of Spin On Aluminum Cone Performance.

CONFIDENTI AL

o Ve g 3
v 1 i i TR AL IR e I E AR DS STV . e .
Ty

- “"-w-‘-’iMQ@’J‘;‘L NI

3

72

“ip%

s
R
S

%




’
i

A
i

¥ ™ oot

Rt VTS N s o B DG

CONFIDENTIAL

The following observations are pertinent:

1. The .200-inch wall cone performs
better at the 7.5 in. standoff than the
. 100-inch wall cone at all the spin rates
up to 60 rps,

2. The performances of both the . 100
and ., 200-inch wall cones at their opti-
mum standoffs of 42 and 48 inches, re-
spectively, are quite similar and a single
curve can be drawn representing both
sets cf test data.

3, The level of penetration at the longer
standoff is, in each case, higher than at
the 7.5 inch standoff for spin rates below
35 rps. At higher spin rates the perfor-
mance of the rounds fired at longer stand-
offs falls off more rapidly than at the 7, 5-
inch atandoff and at 60 rps their pene-
tration is lower,

DRB-23-974-2 Heavy Apex Cones

This experiment was performed to deter -
mine the penetration efficiency of a heavy
apex, copper cone, The cones were made
to DRB-23-974 -2 specifications as shown

-0
- 1200 -
- — 2300 ] -—
;007
=14 i =
3 I s‘oc.q '
a ) T 002
s ..1-—- 060
3 ] ]
i s ol }
° -y |
2 |
ST i
i = 2 3
o .
12 SPHERICAL R il .L %

o LA
By

n
A\ A

Y/

09 SPHERICAL R.

g

Fig. 14. Heavy Apex Copper Cone.
Firestons Drawing DRB-23-974.2,
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in Fig. i4 and assembled into DRC 376
test assemblies with No. 2 Nose Rings,
The cones were machined from copper
bar stock to a wall thickness of ., 100 in,
in the lower region which increased to
. 200 in, at the apex, Copper DRB 398
HW3 item 1 cones were used as controls
for thia study.

The cone inspection data are shown in
Tables XVand XVI and the penetration data
are recorded in Tables XIX and XX, A
comparison is made with the controls in
the following table.

Cane Drawing Na Average Penetration [Max.Spreadlgtd peviatian

{inches MS) {in) {in.}
DRB-23-974-2 22.11 3,57 11.40
DRB 398 HW3 20,02 ] t .60

Itemn 1

The average penetration of the DRB-23-
974-2 cones is considerably higher than
the controls at the 7. 5-inch standoff con-
sidered. It is believed that the design of
the apex aids the collapse mechanism of
the cone in a manner similar to that of a
cone with a flash back tube.
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Table X!
inspection Data

|
Aluminum DRB398 HW3 Item 1 Cones
WwWe!t Thickness Mox Woli Thickness| Mox Wall Waviness Concentricity - TI.R. 1.2
Cone {inches) Variotion {inch) {inch) Bose Apex | Cane Tip
! Number [ygyx [ Min ] ‘avg. [Tronsv. JLongitud] ©.D. ] 10 Deium | Dotum [in Assembly
t Specification :
i LRD 398 3
HW3 Nominal -
% . Mtem 1 _ .105 _ .,100 _ _ .002__ .006 006 _.,006 _.003  ,uu3 L0158 | =
AlTl . 103 . 101 . 1019 . 001 ,002]| < ,001 | < ,001 . 002 . 002 . 007 >
e Al1T2 | . 102 .09¢C . 1001 . 001 .004 1 < 001 | < .001 . 002 . 003 < .001 ‘
A173 . 103 . 101 . 1019 . 001 .002| < ,001 | < 001 . 001 . 004 . 005
AlT4 ] .102 .301 .1015 | <, 001 .00} < .90l | < .001 . 001 .00} . 003
Al17S . 103 . 102 . 1025 | < . 001 . 002 < .001 | <« .901 . 001 . 001 . 008
Al1Té .103 . 101 .1020 | <, 001 . 002 < .001 | = ,001 . 003 . 002 . 003
A1T77 .102 . 100 . 1014 . 001 002 | < 001 | < .001 . 002 .003 . 006
Al178 .103 . 102 . 1024 . 001 . 001 < .00l | < .001 . 001 . 001 . 004
Al1T9 .103 .101 . 1021 . 001 . 002 < .001 | < .001 . 002 . 001 . 008
Al80 . 104 . 103 .1035 | €, 001 . 001 ~ .001 | < ,.001 . 002 .001 . 004
A181 .103 . 100 . 1015 | <, 001 .003| < .001 ) <« .001 . 002 . 0u2 . 002
A182 . 102 . 100 L1012 . 001 J002| < .001 | < ,00% . 002 . 001 . 004
& A183 . 102 . 099 . 1004 . 003 .002| < ,001 | < ,001 . 002 . 001 . 010
Al84 . 103 . 100 .1019 . 001 .003 < .00l | < .001 . 002 .001 . 004
A18S .103 .102 .1025 | < . 0G1 .001 < .001 | < .001 . 002 . 005 . 006 3
AlB6 . 104 .102 1030 [ <, 001 002} < ,001 | < ,001 . 004 . 003 . 008
A187 . 104 101 . 1027 . 001 003 | < .001 | < .001 . 001 . 001 .012 &
Ai88 . 104 . 101 . 1022 . 001 ,003 | « .00l | < .001 .003 . 001 . 009
A189 . 104 . 100 . 1020 . 001 .003 | < .001 | « ,001 .003 . 003 . 006
Al190 . 104 . 103 . 1035 | <, 001 . 001 < .001 | < .001 .00: . 002 . 006
Al191 .103 . 102 1923 | <. 001 . 001 < .001 | < .001 .003 .003 . 003 1
A192 l . 104 21020 1032 . 001 .002| < .001 [ <« .001 .003 . 003 . 005
Al193 .103 .lue L1645 | €, 001 . 001 < .001 [ < ,001 . 203 . 005 . 003 o]
Ai94 .103 . 102 .1025 | ©,001 . 001 < ,001 | < .001 . 002 . 003 . 004 5
‘:a e A19S . 103 c102| .1028| <.001| .001] < .001| < .001| .00z .002 ol
Avg. . 1031 . 1011 . 1021 . 0006 .0019] < .001 | < ,001 . 0021 . 0022 . 0054 : l
Std. Dev. 3.0007 2.0012 4.0008 1. 0007 3. 0008 .--- ---~| $.0008 3. 0012 . 0027
Notes:
{. Base datum 1s . 484 inck above base; apex datum is 3,202 inches above base, ‘
2, The indicated measurement at each datum ls the total Indicator runout of the liner’s outside surface .
relative to the register diameter, Tbe di{ference between ths tunout at the two datum planes is an . i
indication of the lack of perpendlcularity of the register plane and the liner axis, i
3. ® Held {or Display, 4 !
o= Table XIV |
.
Inspection Daia ‘
Aluminum DRB398 HWJ Item 5 Cones i

- Woli Thickress Mox. Woll Thickness| Mox. Woil Waviness Concentricrty - 7. I.R. 3.2
e {inches) Variatian (in) (inch} Bose Apex |Cone Tip
Number Mox [ Min. I Avg. Tronsv [Lunqitud. 0.0 1.0. Dotum |Dotum [inAssembly
Specification
DRB 398 HW3 Nomiml
. | ltemS _ _.205_ _.260 _ __ _ _.002  .006__ _ .006 .006 _ .003 . 003 . 015
% At9e” T T.20377 7201 '|’ 72020( 5. 001"| 002 [ <~.001 T <001 003 |~ .03 T 004 ]
A197 .202 . 200 . 2015 . 002 . 001 < ,001 < .u01 .002 . 002 . 007
Al98 . 203 .201 | . 2022 .001 | 002 < ,001 < ,001 .003 . 007 . 007
A199 .203 . 199 .2010 .002 | ,003 | < .001 | <.o001 . 002 . 003 . 011
A200 . 205 .204 |, 2045 .002 | ,003 [ « ,001 ( <.001 . 003 . 004 . 006
A201 . 204 .204 .2040 | < ,001 ' <,001 < ,001 < ,00) . 002 . 002 . 008
A202 . 203 .202 .2025 | <. 004 | . 001 < .001 < .001 . 005 . 005 . 005
A203 | . 203 .202 .2025 | <,.000 ,001 < ,001 < .001 .003 .003 . 007
A204 | . 206 .204 | . 2048 . 001 .002 [ < ,001 < ,001 . 002 . 005 . 009
A205 .203 .203 .2030 | <,001 [<,.001 < .001 < ,001 . 002 . 004 . 005 1
A206 : . 204 - .203 | ,<0C35 | <,001 . 001 < .001 < .001 .001 . 004 . 009 i
- A207 | . 203 .203 ] .2030 | <,00] |<.001 < ,001 < .001 .002 . 002 . 003 q
g? A208 .201 .200 | ,2005 [ <,001 | .001 | < .001 | <.001 | .004 . 006 . 003 ]
A209 . 202 . 200 .2010 | <, 001 ,002 | < .001 | <.001 . 004 . 005 . 006 |
A210 . 202 .201 .2015 . 001 . 001 < .001 < .001 . 003 .007 . 006
A211 .203 . 202 .2027 . 001 . 001 < ,001 < .001 . 002 . 004 . 003
A212 .203 ! .201 .2017 . 001 002 | < ,001 | <.,001 . 002 . 006 . 006
A213 .202 | . 281 W eOiT . 001 . 001 < .001 < 0n1 . 002 . 006 . 006 '
A2l4 .202 ! .201 . 2015 | < ,00) UL < .001 < . 0061 . 002 . 004 . 002 i
A215 . 200 . 200 .2000 | <,001 |<,001 < .001 < .001 . 002 . 003 .002 1 H
A216 .200 ! . 200 2000 | <,C01 | <.301 < ,001 < .001 . 005 . 002 . 009 o
A217 . 203 202 1 ,2025 | <.001 . 001 < .001 < .001 . 001 . 003 . 006 i .
A218 . 202 .201 . 2015 (<, 001 . 601 < .001 < .001 .003 .003 . 009 i
: A219 . 202 .201 .2019 . 001 001 | < .001 | <.001 . 004 . 003 . 007 |
g:‘ *A220 .203 .202 | .2025 {<.001 | .001 | < .001 | < .001 | .003 .00z i !
Avg. . 2027 .2015 . 2021 0005 .0012( < . 001 < .001 . 0027 . 0039 . 0061 H
Sid. Dev. $.0013 | +.0014]| $.0012 | +. 0007| & 2008 e +.0011 | +.0016] +. 0024 |
Notes: l
1. Base datum is . 484 inch above base; apex datum is 3, 202 inches above base.
2. The indlcaced measurement at eacb datum ls the total Indlcator runout of the liner's outslde surface '
rolative to the regisier diameter, Tbe differencs detween the runout at the two datum planes ia an |
indication of the lack of perpendicularity of the register plane and tbe llner axis b
3, ® Held tor display. 0
.
[ — ] 4
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Tabie XV

Inspection Data
DRB-23-974-2 Heavy Apex Cone

Wall Thickness - .500"Datum|wall Thicaness 2 300 Ootur |Woil 7 mekness. 3200 Octum Transverse Mor | Concentricity- T. 1. R
Cone — - B N [ — L w::IIThnc!mess‘lanohan wall . [cone Tip
Number Max Min Avg Max Min Avg. Mo M:n. Ave TS50 17 300" -3206:—-‘"‘6'["0’” 500" | 3.200 in
[ R P T | I ] = 7 7_0_'01_1_12_&9701011\ Datum (I.ﬂ.) Datum | Dotum bly
Specilication
DRB-22- Ne:ninal
| _974-1 _ .100 __ .095 . _.100 _,095 L200 195 .00 .001  ,00r  .003  .003 _.0G3 _ .015 |
D21 .100 T 700 . 1005 [‘.non . 100 L10027] 208 L2041 L2042 |7 L0010 . 001 S001 7 .002 .002 .002 [ .005
D22 . 102 . 100 1010 Ve 101 . :00 . 1008 . 204 .08 .,2032 |- 002 I . 001 .001 . 002 .003 003 . 002
D23 . 099 . 097 . 0980 . 099 .08 . 0982 . 194 L1941 L1930 : . 002 .001 |<.001 . 002 . 003 . 003 . 004
D24 . 102 . 100 . 1008 . 102 . 100 . 1008 . 19% . 195 I £1950 | ,002 | .002 |<.00! . 002 . 002 .001 .010
D25 . 102 . 100 . 1019 . 101 . 100 . 1002 193 . 193 1930 | . 002 . 001 <.001 . 002 . 002 .001 . 005
* D26 . 100 . 099 .0998 : .101 . 100 . 1008 . 203 .203 . 2030 . 001 . 001 <.001 .001 .003 .003 -.a-
Avg. . 1010 . 0993 . 1002 . 1008 . 0997 . 1002 . 1990 . 1987 . 1987 I .0017 . 0012 . 0005 .0018 . 0025 . 0020 . 0052
Std, Dev,i +.0013 | +.0013 |+.0012 | +.0010 |+.0009 | +,001C | +.0056]+.0052 | +.00%2 i $.0006 | +, 0004 3.ooob| £.0004 | +.0006 | +.0009 | +.0030
a8 j i
Notes: ;
1. The datum locations were ., 500, 2,300, and 3, 200 inches above the base of the cone,
2. The indicated measurement at each datum is the total indicator runout of the liner's outside surface relative to the register diameter.
The difference between the runout at the two datum plancs is an indication of the lack of perpendicularity of the register plane and the liner axis.
3. *Held for display.
Table XVI
Inspection Data
DRB398 HW3 Item 1 Topper Controls
Cone waii  Thickness Mox.Woll Thickness | Mox. Wall Woviness | Concentricity- T.I.R*?
(inch) Variation {in.) {inch) Base | Apex Cone Tip
Number Max. ] Min. Avg. | Transv. |Longitud| 0.D. I.D. Datum [Datum |in Ass'y
Specification
DRB 398
Hw3 Nominal
Item 1 .105  ,100 .002  ,006  ,006 .006 __ ,003 . 003 .015 |
I G16 . 105 . 100 . 1027 . 002 . 004 . 002 . 001 . 004 . 004 . 011
Gl17 . 103 . 102 . 1025 | < ,001 .001 .003 . 001 . 002 . 002 . 004
Gl8 . 104 . 101 . 1031 . 002 . 003 . 002 . 001 . 004 . 004 ., 003
Gl19 . 106 . 103 . 1042 . 003 . 001 . 003 . 001 . 006 . 007 .010
G20 . 105 . 100 . 1026 . 001 . 005 .003 . 001 . 006 . 003 . 007
Avg. . 1046 . 1012 . 1030 . 0016 .0028 . 0026 . 0010 . 0044 . 0040 . 0070
Std, Dev. +.0012 | +.0013| +.0007 | + 0012 | 4.0018 | #,0007 | ----- +.0017 | +.0019 | +,0035
Notes:

1. Base datum is . 484 inch above base; apex datum is 3, 20Z inches above base.

2. The indicated measurement at each datum is the total indicator sunout of the liner's outside surface
relative to the register diameter. The difference between the runout at the two datum planes iz an
indication of the lack of perpendicularity of the rcegister plane und the linr - axis,
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Table XV
ﬁ;ﬂ Penetration Data

DRB398 HW3 Item 1, 25-F Aluminum Cones =
Serial Comp.B Rotation Standoff Penetrotion ! Max. Std. ]
No. {!bs.) {rps) (in.) {inches M.S.) Spread(in) Deviation(in) »
]
=9
=) Al71 2,52 0 7.5 8.44 %
< Al72 2,52 0 1.5 9.94 4
Al73 2. 50 0 7.5 8, 88
Avg, 9. 09 1. 50 to.77
Al74 2,52 15 7.5 8. 81 :
Al175 2. 52 15 7.5 9.31 '
&"“ Al76 2,50 15 7.5 8. 62 B
) Avg. 8.91 0.69 | to.36 s
2
Al77 2,52 30 7.5 7.44
Al78 2.50 30 7.5 7.19
Al179 2.52 30 7.5 7.56 %
i Avg. 7,40 0.37 | to.19 g
: A180 2.52 60 7.5 6.12 i
Al81 2. 52 60 7.5 6.44 |
Al82 2.52 60 7.5 5.44
Avg. 6. 00 1. 00 to.51
. Al83 2,52 0 42,0 14,19
[ == A184 2, 52 0 42,0 18, 06
Al8% 2,52 0 42,0 15.75
Avg, 16, OC 3, 87 t1.95
Al186 2. 52 15 42,0 14,19
Al187 2. 52 15 42.0 14, 38
. A188 2.52 15 42,0 13.19
9 Avg. 13.92 1.19 | to0.64
Al89 2. 52 30 42,0 11,38
Al90 2,52 30 42,0 9.50
Al91 2.52 30 42.0 8, 88
Avg. 9.92 2.50 t1.30
&= A192 2. 52 60 42,0 4. 81
Al93 2. 50 60 42,0 5.19
Al94 2,52 60 42,0 3,8!
| Avg. 4,60 1. 38 tom
Notes:
= 1. DRB 398 HW3 Item 1 {. 100 wall) machined 2SF aluminumn cones were assembled
% into CRC 376 penetration assemblies using the No, 2 nose ring.
2. All rounds were loaded at Ravenna Arsenal, BAT Lot No. 54 using Holston
Comp., B Lot 4-1197,
3. All rounds were fired at the Erie Ordnance Depot.

*=9 30

CONFIDENTIAL

% < A

el



~

g R = s i R e i o T et B R N Ty e DML IAN SBATEY P A I U

CONFIDENTIAL

Qiﬁlﬂ Table XVIII
. Penetration Data

DRB378 HW3 Item 5, 25-F Aluminum Cones
Serial Comp. B Rotation Standoff Penetration Max. Standard ’
No. (Ibs.) (rps) (inches) (inches M.S.) |Spread (in)|Deviation (in.) 3
¢
&g A196 2,52 0 7.5 10. 94 7
- A197 2. 50 0 7.5 10. 38 .
A198 2,52 0 7.5 9, 38
Avg. 10, 23 1. 56 t .79
A199 2, 52 15 7.5 9. 31
! A200 2,52 15 7.5 9. 94
& A201 2,52 15 7.5 9. 94 2
" Avg. 9,73 0.63 t .36
?
A202 2.52 30 7.5 9.00
A203 2,52 30 7.5 10, 81 :
A204 2. 50 30 7.5 8.75 :
Avg, 9. 52 2, 06 t1.12
&30 ;
i A205 2.52 60 7.5 7.25 |
A206 2. 50 60 7.5 9. 00 -
A207 2. 52 60 7.5 6. 69 i
Avg. 7. 65 2,31 t1.20 :
‘ A208 2,52 0 48 19. 69
@9 A209 2,50 0 48 15, 50
A210 2, 50 0 48 16. 19
Avg. 17.13 4.19 ta.25
A211 2. 52 15 48 13. 25
A212 2. 52 15 48 12.94
A213 2. 50 15 48 13,94
Avg. 13. 38 1.00 | fo.s1
A214 2,52 30 48 10. 69
A215 2. 52 30 48 10. 94
A216 2,50 30 48 9.81
Avg. 10. 48 1.13 t 0.59
&9 A217 2. £2 60 48 6.6
A218 2, 54 60 48 5.56
A2ag 2,54 60 48 5.19
Avg. 5.60 0. 87 to0.44
Notes:
.a‘g 1. DRB 398 HW3 Item 5 (. 200 wall), machined 2SF aluminum cones were assembled
] into DRC 376 penetration assemblies using the No. 2 nose ring.
2. All rounds were loaded at Ravenna Arsenal, BAT Lot No. 54 using Holston
Comp. B Lot 4-1197.
3. All rounds were fired at the Erie Ordnance Depot.
. "! - 31
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Table XIX
Penetration Data

DRB-23-974-2 Copper Cones

T

Loy

WP AR T AR T~ Ty
R A R ) o d

-

U U

Seriol Comp. B Rototion Standoff Penetration Max. l Std.
No. (tbs.) (rps) (in) (inches M.S)) Spread (in.YDeviction(in.)
D21 2. 54 0 7.5 22,44
D22 2. 54 0 7.5 20.12
D23 2.50 0 oS 22,94
D24 2. 54 0 7.5 23, 69
D25 2.52 0 7.5 21, 38
Avg. 22. 11 3.57 t1.40
Notes:
1. DEB-23-974-2 machined, copper cones wcre assembled into DRC 376
penetration assemblies using the No, 2 nose ring.
2, All rounds were loaded at Ravenna Arsenal, BAT Lot No. 54 using
Holston Comp. B Lot 4-1197,
3. All rounds were fired at the Erie Ordnance Depot,
Table XX
Penetration Data
DRB3278 HWS Nem i, Copper Conc Conirols
Serial Comp.B Rotation Standoff Penetration Max. Std.
No. (Ibs.) (rps) (in.) (inches M.S.) | Spread(in.){Deviation (in.)
Gl6 2, 52 ¢ 7.5 20, 06
G17 2.52 0 7.5 19. 88
G18 2, 52 0 7.5 19.12
G19 2. 54 0 7.5 20,75
G20 2.52 0 7.5 20, 31
Avg. 20, 02 1. 63 .60
Notes:

1. DRB 398 HW3 Item 1, Drawn, copper cones were assembled into DRC 376
penetraticn assemblies using the No. 2 nose ring.
2. All rounds were localed at Ravenna Arsenal, BAT Lot No. 54 using Holston

Comp. B Lot 4-1197.

3. Al rounds were fir >d at the Erie Ordnance Depot.

Future Program

1. Composite Cone Study

A series of bimetal cones with alumi-
num half-shell inserts {. U20 in, ihick} and
copper outer shells {(DRB 398 HW3 item 1)
have been assembled to evaluate pene-
tration performance at standoffs of 2, 4
and 6 inches and at varying rotational

rates.

32

2, Evaluation Of Cones Made By Electro-

forming

A series of DRB-268-5 copper cones,
made by an electroforming nicthod, have
been manufactured for comparison with
machined cones of like design, The elec-
troformed cones and controls have been
manufactured.
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3. Penetration Into Mild Steel Versus
Homog_e_r;eous Armor

&

A series of penetration test rounds
composed of DRB 393 HHW?2 item 1 cones
in DRC 376 test bodies have been loaded
and will be tested for penetration into
homogeneous armsor and mild steel at
varioua spin rates,

4. Evaluation Of Cones Made By Zinc
Dic Casting

A series of DRB 398 HW3 cones have
been made by die casting zinc allcy Zamak
3. Standoff and spin tests are planned.

5. Evaluation Of The DRB 398 HW3 Item 1
Copper Drawn Cone In Varicus Stages Of
Manufacture,

A series of cones having varying geo-
metric configurations have been obtained.
These cones rzpresent the various steps
in the deep drawing of the DRB 398 HW3
Item 1 Copper Cone, Six of the eight draw-
ing stages are included. Standoff and spin
tests are planned,

6., Evaluation Of Optimum Wall Thickness
For Cones With Various Apex Angles,

This study is being conducted using a

CONFIDENTIAL
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3.0 in., charge, The length of the spit-
back tube (. 625 in, dia.) will be varied
to give the cone an overall height of 5. 00
in.

Cone drawin% nuinber DRB 834-1,
apex angle 30°, wall thickness , 050
in., .070 in., . 086 in., and . 110
in,

Cone drawing number DRB 16-976,
apex angle 45°, wall thickness , 050
in,, .110 in. and . 150 in,

Cone drawing number DRB 16-972,
apex angle 60° wall thickness , 070
in,, . 110 in, and , 150 in,

C.

These cones are being manufactured.

7. Composite Loading: Comp B. And Inert
Filler,

A series of penetration test rounds com-
posed of DRB 398 HW3 Item 1 cones in
DRC 376 test bodies have been assembled.
The rounds will be loaded with four vari-
aticne in filler., Groups will be loaded to
levels of .5 in., 1.0 in. and 1.5 inches
of wax above the cone base, the remaindcr
of the charge being Comp. B. Control
rounds will contain Comp. B. only.
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FUZES

Potted Lucky Elements

Efforts to increase the reliability of
functioning of T119EIll shell upon ground
impact have continued, The great sensi-
tivity of "potted lucky' ncse elerents
(Fig. 15) first revealed by the test re-
ported in the Forty-Second Progress Re -
port, has since been confirmed by much

more extensive tests concducted at Aber -
deen Proving Ground by Messrs, Wills and
Farrell of the Re~oilless Rifle Section,
Table XXI shows tne evaluation program
as initially pianied. The major portion has
been completed, but, because of the ex-
treme sensitivity snserved with this type
of nose elemeni, phases 5 and 6 were sub-
sequentily cancelredd, The rounds were

Table XXI

Original Evaluation Progrem
Sensitivity of Potted Lucky Moss Element

Phase Na. Shell Range Target

1 10 400 ft, Homogensous Armar Tiate
at 659 obliquity

2 18 400 ft, Pine Boardz Determine
Minimum Thickness for
functioning.

3 10 300 ft, Soft Earth (Graze Functioning)

4 10 1000 ft. Soft Earth (Graze Functioning)

5 10 1000 yds, Soft Earth (Ground Impact Functioning]

6 5 zooo ’d-. " [1] [1] (1] (1}

7 !o ‘ooo Yd-. 1] " " [1} "

L] 5 4000 yds, Water (Water impac* functioning)

Fig. 15.

CONFIDENTIAL

Potted Lucky in Ncse Cap Assembiy.
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POTTED LUCKY
NOSE ELEMENT
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loaded at Picatinny Arsenal, Lot No, PA-
E-14899, The data for this program may
be summarized as follows:

Phase 1

10 rounds at 400 ft against homogeneous
arma plate target consisting of one é-inch
and two 1,5-inch plates at 65, 5-degree
obliquity.

All ten rounds functioned high order,
In addition, ten rounds of Lot PA-E12356
with DRB683 (Fig. 5 of Forty-Fifth Pro-
gress Report) nose assemblies were fired
as control rounds in this test and these
alen gave high order functions on the plate,
No depth of penetration data are available
but a comparison of the average pene-
tration for the two groups will be reported
at a later date.

Phase 2

14 rounds at 400 £t against pine boards
(1 in), chip board (1/4 in) and kraft paver
(.0045 in) to determine sensitivity.

The results are:

Serial No. Target Functioning
17968 i-inch pine High Order
18047 " " "
17996 " " n
17943 " " (1]
‘17938 " ” "
17981 " ”" "
17883 1/4 inch chip " "
board
17959 Kraft paper High Order
18046 " " " "
18G06 u u FTF - FDR *
17910 High Order
17843 FTF-FDR
18053 FTF-FDR
- High Order

* Failed To Function; Functioned Down Range

Phases 3 and 4

20 rounds at various ranges into a cul-
tivated field. The field had been plowed,
cultivated, drilled and seeded. Grass
was about 4 to 6 in, high, Line of fire
was parallel to the rows.

35

Nineteen of the twenty rounds func-
tioned High Order as tabulated below:

Round No. Range Type Finctioning
1and 6 250 ft, Both High Order
3 275 ft, High Order
2,4,5,7,8,9 300 ft. All High Order
10 300-325 ft. FTF

Round 10 did not functiean although fin marks and body
graze marks were evident from 300-325 ft,

18035 525 it. High Order
17895 625 ft, High Order
17957 700 ft. 1L L
17937 700 ft. L =
17920 700 ft, " A
17927 700 ft, o &
17960 750 ft. se WU
17865 850 ft. i [
17891 1000 {t, " "
18008 1040 ft, .r L
Phase 7

10 rounc 3 at 4000 yards into scfi earth
(swampy soil).

All 10 rounds functioned high order.
Phase 8

6 rounds at 4000 yards into water

Serial No. Type of Function

17834 H. O. on water

17824 H, O, possible on beach
17999 FTF not observed to strike
18052 FTF splash observed
17925 FTF " "

17955 H, O, on water

The extreme sensitivity, shown in Phase
2, would make the round unsafe for firing
threugh brush or rain., Consequently, a
new program is planned in which various
methods for controlling the sensitivity
of the "'potted lucky' eiement will be ex-
amined, If the semsiiivity is found to re-~
sult from the thin cap it may be sufficient
to thicken the cap, but if the detonation is
caused by shock some type of absorbing
material must be incorporated into the
nose element assembly.
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Future Program

(1) To determine shock sensitivity
-.020 in thick cap,

a. Fire 5 rounds with protective covers
over present potted lucky for graze func-
tioning against earth at ranges of 250 ft
te 1000 ft,

b. Fire 5 rounds with protective cover
over the present potied lucky nose cap
against ,0045 in, thick Kraft paper at 400
ft. range.

(2) To determine the effect of increased
nose cap wall thickness on fuze sensitivity
using , 060, ,050, ,040, ,020, or ,G20
in, thickness caps.,

a. 5 rounds for graze functioning at
200 - 1000 ft,

b. 5 rounds for impact functioning a=-
gainst 1" thick pine board,

c. 5 rounds for impact functioring
against 1/2" thick pine board.

d. 5 rounds for impact functioning
against chip board paper.

€. 5 rounds for impact functioning a-
gainst ,0045 Kraft paper.

(3) Evaluaie ihe rounds equipped with
nose caps having best wall thickness re-
sulting from program (2).

a. 20 rounds for impact functioning
on earth at 1000 yard range.

b. 10 rounds for impact functioning
on earth at 2000 yards.,

c. 20 rounds for impact functioning
on earth at 4000 yards.

d. 10 rounds for impact functioning
on water at 4000 yards,

If program (1) indicates that the rounds
with ,020 thick caps can be shock initiated
then the test should be repeated with , 060
thick nose caps.

If program (1) shows that rounds with
«020 thick nose caps are not initiated
due to shock then program (2} should be
fired to determine the effect of increased
thickness of nose cap material on sensi-
tivity,

If program (1) indicates that both ,020
and .060 nose caps are shork sensitive
the test should be discoatinued and the
program revised to include a study of
shock mounting the "Lucky'" element,

The firing of all of program (2) will
be determined by the results of parts
a, b, and ¢, for any nose cap thickness
i.e., part c will be tried only if part
b functions, etc,

Program (3) will be fired if the resulta
of program (2) are favorable.

It is suggested that when a proper nose
cap is selected on the basis of 1 in. and
1/2 in, pine board, that 10 rounds be fired
to evaluate the standards by firing in heavy
rain, light foliage, etc, It is also desired
that 10 rounds be fired without thc bleeder
(R-Z) washer in the fuze circuit to check
the endcncy to premature.
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CONFIDENTIAL
MANUFACTURING SUMMARY

In addition to the experimental material
prepared for the research and develop~
ment wark under contract DA-33-019 -ORD-.
1202, described in preceding progress
reports and in the preceding pages of this
report, the following have been manu-~
factured and shipped to the installations

I. Cartridges, HEAT, 106mm, M344 (T119E1l) Without

~o v

Fuzes T2U8

Prior to

May 1, 1954 16,715 All Shipments
No Shipments in May
II, Rifles, T170El for ONTOS
Prior to May 1, 1954 120 All Shipments
May 13, 1954 9 Aberdeen Proving Ground
Total 129
I, Mounts, T173 and T26 Tripod for ONTOS
Prior to May 1, 1954 22 All Shipments
May 25, 1954 4 Allis~-Chalmers

IV, BAT Systems less Jeep, T170El (M40) Rifle,
TI49E3 (M79) Mounts (with latest modifications),

Prior to May 1, 1954

No Shipments in May

CONFIDENTIAL

37

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

25 All Shipments
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DISTRIBUTION ia
Number !
<t s
Coples NUMBERS INSTALLATION! L
Office, Chist of Orinance
1 1 ORDTS i
1
&9 . 2 ORDTA . Al
3 ORDTA-1M kaze Section i
1 4 ORDTX £ ? {
i 5 ORDTB i
! 6 ORDTU ‘
1 7 ORDIM i 1
&t=g 1 8 Diamond Ordnance Fuze . aboratory
Arsenals
10 9-18 incl. Frankford
2 19-20 Picatinny i
i 21 Springfield 4 rmory
2 22-23 Redstone P
@==9 L
Ordnance Diz*- s
1 24 Cleveland
Proving Groumls
2 25-26 Ballistic Research Laborato: ies
[ - 1 27 Development and Proof Se -vices
1 28 Eriec Ordnance Depot
Contractors
1 29 Winchester Repeating Arms Co.
1 30 National Forge & Ordnancz Co. !
&=29 2 31-32 Midwest Research institute il
2 33.34 Armour Research Foundatic n i
1 35 Carnegie Institute of Techrology i®
1 36 Arthur D. Litcle, Inc. |
1 37 The Budd Company ‘
i 38 Franklin Institvie b
e=9 - 1 39 Chamberlain Corporation 4
1 40 American Machine and . urdry G
U. S. Navy
1 41 Bureau of Navy Ordnance
42-43 Naval Ordnance Laboratory f
o White Oak 0%
*i" 2 44-45 Naval Ordnance Test Station.
Inyokern
1 46 Naval Proving Ground, Da .lgrmn

Documeiit Centers

b 47-51 incl. ASTIA, Dayton, Ohio
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