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CONFIDENTIAL
ABSTRACT

The Weapon System - A 90mm BAT weapon system is being manufactured. The
ONTOS mount and remote control firing system, manufactured by Firestone, has
been delivered to Aberdeen Proving Ground and is being tested.

T119 Projectile - Spin rate data for T119Y projectiles, reported in the Thirty-Fifth
Progrcss Report, have been reduced and an equation of roll is developed.

Two experiments concerned with increasing the initial spin rate of the T119EIIl
projectile in order to improve stability during the initial part of the trajectory, are
reported, In one study rubber obturating rings were used and in the other study
gilding rnetal rotating bands were used, Test arrangements and resulting data are
reported.

Twenty TI19EIll projectiles, prepared and assembled so as to represent extremes
(loose or tight) in clearance between certain components of the tail assembly, were
tested for mechanical functioning and accuracy, The test conditions are charted
and illustratcd and the data discussed,

A tail assembly, ,475 in, shorter than the standard tail assembly (fin length re-
maining the same),were fired for accuracy tests, The daia are presented.,

T171 Projectile - Two modifications of the T17] projectile were fired for accuracy
and flight evaluation at Erie Ordnance Depot, The test results are given,

Using the Siacci theory and experimental data, ballistic coefficients for four T171
configurations were determined, The form factor, drog coefficient, terminal velo-
city, time of flight and elevation were found for various ranges and muzzle velo-
cities for the four configurations, The results are analyzed,

Penetration Studies - Two separate but related scaling studies of penetration have
been completed, The first part of the study was reported previously and the second
portion is described here and the data from both studies are summarized,

Tests were conducted concerning spin rate behavior of DRB398 cones at high spin
rates,penetration behavior of zinc alloy (Zamak 3) cones, effect of tee configuration
on penetration., Data for the tests are presented,

Ten M344 (TI119EI1l) prototype projectiles were withdrawan from production and
modified for static penetration tests. The test data are given,

Fuzes - Functioning tests were conducted with T267E14 base elements and with T223
E2 fuzes. The test data are presented.

Manufacturing Summary - A summary of rifles, mounts and projectiles manufactured
by Firestone under the subject contracts is given,
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THE WEAPON SYSTEM

Ultirzate BAT System

The 90mm ultimate BAT weapon system,
illustrated and discusscd in the Thirty-
Sixth Progress Report, is being manu-
faciured, The rifle will be mounted on
the TI52E7 aluminur mount for prelimi-
nary tests, A mount and tripod for the
90nim weapon is being designed.

Future

1. Continue the manufacture of the
90imm ultimate BAT rifle,

2. Complete the preliminary design
of 2 90mm mount,

ONTOS Mount and Firing System

The mount and remote control firing
system for the ONTOS vehicle, developed
by this division and illustrated in the Thir-
ty-Sixth Progress Report, was delivered
to Aberdeen Proving Ground during August,
There was some delay in getting the sys-
tem mounted on a vehicle and no test firing
was done until the last week in August,
Test results are incomplete at this time
and will be reported later,

Program

o

3, Investigate designs for improved
firing effort on BAT rifles,

4, Continue tests of ONTOS firing
system,
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T119 PROJECTILE

Derivation of Roll Motion Equation
From Experimental Data

The Thirty-Fifth Progress Report pre-
sented spin data for {ive rounds of TII9EIll
projectiles, These data have been reduced
(using a method suggested by Bolz and
Nicolaides in BRL Report No, 711) and an
equation of roll for the T119EIl] projectile
has been derived,

The dynamical equation of roll is

’
¢ =S-c,Ae “F (1)
where Z = distance down range (ft)
¢’= rate of roll (deg/ft)

S = s.eady state rolling
Cwvilogity ('.ieg/f't)

C,= damping constant
A = arbitrary constant.

Since S, C, and A may be determined
experimentally it is not difficult to es-
tablish a relationship between spin rate
and distance throughout the entire tra-
jectory of a projectile,

The experimental data for one pro-
jectile, X368 (Thirty-Fifth Progress Re-
port), are used in this study. A plot of
rotation versus range is presented in Fig,.
1, In plotting the curve of Fig. 1 an ar-
bitrary figure (329) was subtracted from
each of the measured angles to insure
that the curve, when extrapolated back
to the muzzle, could be contained in the
graph, From this plot a table of values
for ¢'is determined by comnputing A @

AT
in intervals of 20 ft, The resulting values
are given in Table I and a gragh of ¢ (rate
of roll) versus & (distance from gun) ap-
pears in Fig, 2,

3

Determination of S

An initial value of S, dcncted Sy , may
be calculated from the graph of ¢ versus
Z by the rc¢lation

SO = ¢|’ 3 i A ¢1: (2)
HEY S
where §¢ = e_c'A%: Constant.

A table of data to establish this constant
ratio is,

z ¢ A
o .290

. 980
150 1.270

. 600
300 1.870

The ratio, therefore. is ,600 = ,6122,
K .980

Values of AP for distances greater than

the length of the measured range are ex-

trapolated and are tabulated below:

2 [] X3
[ 0,290

0,980
150 1,270
G.600
100 1.876
0,367
450
0,224
600
0.137
750
0,084
300
0.951
1050
c,031
1200
0,019
1350
0.012
1500
0.007
1650
0.004
1800
0.002
1950
0,001
2100

From the above table

(=3
@ +) o =z809=S, .
i=2
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Fig. i. Roll Angle Yersus Distance From Gun.
TIIQEI§ Projectile No. X368.
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: : k Distance 2 (11}

o) @Y @l @ o) @y ‘@Y (20)

Table | |,
Values of ¢

Deterriiinicd From Experimental Roll Data
TI19E11 Projectiie No. X368

Z (1 ] AP @ o)
u 8.9

10 i ivu . 350
20 1507 *

30 o L4905
40 DR AR O T L

a0 g d et g | .630
o T .

Tu (F- R} 159,
8o 5]

i .6 . 880
1 ()

i FIOA] 1.005
1o 2

134 A b R~
by g

8¢ - 1.270
lug 133,10 tye

170 27.8 1. 390
18u ke

10 2, B 1,498
2060 196, 4

210 35, ¢ 1.6%0
220 BV )

230 34,9 1, 4%
240 24,3

a0 Ju.8 1,840
M) 300, 1

270 37,2 1,860
289 138,313

299 37,0 1. 850
330 375.3
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[200)  [Z0) | Ra3) @ (es0)  [3%0)

Fig. 2. Rate of Ro!l Versus Distance From Gun.
TIHI9EIt Projectile No. X368.

Determination of C,

Eguation (1) may be written in the form

la(5,-9)=Ln(C, A)-CLZ , (3)

where C,  is an initial value of C; . A
logarithmic plot of (S, — @) versus Z is
given in Fig, 3. It can be scen that the
slope of the straight line is- 103 thus,

£n251a-£n.939
€, F ~Hempt =.o002870,

Fig. 3. (Sg— ¢') Versus Distance.
{Logarithmic Plot.)
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Determination of A

t of boundary conditions for (1)
S =S, » C,=C,, , @ = @ and

A= (So— ¢r’)
(@A

o

= 8778.

Roll Motion Equation

The roll motion eguation with initial
values for S, C and A 1s

¢' =2.809 -2519 297872 (4

These parameters can be determined
more precisely by the method of "Dif=-
ferential Corrections', but for the ap-
preximation sought here it is sufficient
to use initial values, Table II is a takle
of vatues for equation /4) in waich @ is
converied {0 revolutiors per second. Fig.
4 is a graph of ¢ (rps) versus Z for the
entire range,

The magnitude of spin, as here found,
appears reasonable when compared with
spin measurements of the TI19EIll pro-
jectile as reported by Frankford Arsenal
in Report No, R-1086,

Takle il
Projectile Spin (rps)
Determined From Roli Motion Equation

2 (1) 1 ¢ (°s1n)
[ . 290
110 L972
210 1.430
250 1,580
30 1, 744
600 2. 359
1200 2,724
1600 1,775
2400 2. 806
100 2. 809

u (1 /sec) ¢ 'lrps)
[R5} 1, 36
1o67 4,50
1618 6,55
1635 .18
1os?T T, 48
1667 10,28
HE 1 Ard 11,05
1384 10,67
1247 9,72

P
E}."T-'m!

G
gEmmmrenE
[Spin Rate

3]

s
s00] | [809) | looo]'. (i200) | !

1152 __L 8,99

fieoo) | [isos)  [z008)

+
‘|_
|
|
|

ot
Ei’?lL(ﬁ:i.'[-‘g_oLo@

o)

Fig. 4. Rolling Yelocity Versus Distance From Gun.
Calculated From Roll Equation For TIIQEI] Projectile.
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Studies of Launching Conditions
{increasing !nitial Spin Rate)

Spin ineasurement data for the T119ElHN
projectile, described in the preceding
section of this report, indicate that the
projectile emerges from the muzzle with
a spin rate of one or iwo revolutions per
seeond, It has been observed in flight
photographs that the fins of the T119El]
projectile do not open fully until the pro-
jectile has traveled five to seven feet
from the muzzle. (Thirty-Sixth Progress
Report). It is possible that the projectile
is sensitive to perturbations in this in-
terval before the canted fins begin to in~
duce stabilizing spin,

Increasing the spin at the muzzle would
tend to minimize the cffeets of pertur-
bations in that region and ultimate ac~
curacy might then be improved, The most
serious limitation on the inereased initial
spin is the ability of the fin assembly to
withstand the increased stress,

It 1
R TR R CEASE,

l

- _,.___ i s

“feo0 [806) Teod] (&

Q

l

Fig. 5.

\ |

| BRI ] o A
[Distance (fect

e =] | - A
0} [666] [126G) [w400) (1600]

In contemplating higher spin rates the
degrading effect of spin on penectration
must be considered, It ean be shown that
a large initial spin will damp out quiekly
by applying the differential equations
of motion to an initial spin rate of 40 rps.
Fig. 5 shows that even this high spin rate
will damp out at 400 ft to slightly lcss
than 22 rps, which would not cause a pro-
hibitive degradation in penetration,

Rubber Obturating Rings

A simple method to increcase the muzzle
spin rate of 2 projectile is to place on the
projeetile a plastic or rubber type rotating
or obturating band whieh would slip or
grind away suffieiently to give a reasonable
spin, This method has been tried with two
projeetiles equipped with rubber ""O" rings
plaeed in a special maehined groove in
thc chamber as shown in Fig., 6.

The rotation (in degrees) for the two
projeetiles, as measured with yaw cards,

el | | ' [T T=d
. R o8 M O o
' '. : ‘ | _* |_
| 1 P 1 } i (RS SO ey
| ! 1
‘ D i f ,
| fERi s ! | |
- b I— _.__1|_.,_.._. —, f‘ — ——

S SR .

]
i
|
yo L] !
T Sy o iy, b f*’.‘:i.;f e
(800, 2¢001 [E0] #4908 (2600 P8OOI BOCO

Calculated Spin Behavior.

TII9EII Projectile Launched With High Initisi Spin.

7
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CETAIL SHAWING RUBBER.
OBTURATING SINCt

~TEST CANTR.LGE
/ WiTH BLUNT NOSE TEST SLuG

- T I T T T T T X T T A T 2T T2 s Al E it s B o F %
= ORI S SRR

-

T e~
XI—Q‘“K:&-&";n R Sl u%-ix e nu&“ 'q“n‘h ;; & ““'.-. 1"
—_— O 9- 4 (3] G
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%f ',,'Ti 4 \\/%‘0 .7 \‘4*’1 3
o St OB s » “-gg;;*:'m TERT
- : '—'10{ 7 8 v m e an e s %‘ .Ll..’xT/ x‘""‘ru.#'h F ey ““v"‘ﬂa u,u.. = —

Fig. 6. Rubber Obturating Ring.

. In Position in Groove On TI19EI1 Projectile.
is contained in the firing record, Table projectile in Fig., 8, The original range
III, and a plot of rotation versus distance data for the standard TI19EIll projectile
is chown in Fig., 7. The calculated spin used in this comparison are found in Table
rates at various distances are given in VI of the Thirty-Fifth Progress Report
2 Table IV and are compared with corres- and a preceding section of this report .

ponding spin rates for the standard TI1I9EIll

|| LD Projectile X 1136,1621 11 /3ec Muzile Veocity
nsru Rifle

1[G Prowciie X1137, 1615 11 sec Muriie \-él&?ij

)
i
| B

Fig. 7. Rotation Versus Distance From Muznle.
TLI9EN) Projectiles With Rubber Obturator Rings.
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Table 1V

Effect of Rubbker Obturator On Spin
T1192i7 Projectile

i
i I
TIProgectie X 1187, 1BI% 11/50e Muzlle Velocity |

Projectile X 1137 Projectile X 1136
Distanze 5 . T T N SOV
(feet) 3% (¢/ft) [u (f1./ sec) ﬁpin( rps) FE: (°/ 1) |u (ft./sec)|Spin{ r ps)
0 1.94 1615 | 8.7l s 1621 | --
60 2.40 1591 10.61 2.70 1597 11.98
80 2.58 1583 11,34 2.85 1589 12:58
100 2.76 1575 12,08 3.00 1581 13,18
120 2.88 1567 12.54 3,18 1573 13.89
140 2.94 1559 12.73 3,27 1565 14,22
160 3,00 1551 12.93 3,30 1557 14.27
180 3.00 1543 12,86 3.33 1549 14,33
| | | | | L
(L7 TSR G G T 1 s——-—-H SRS il 5 e i v
|l o o o o " Gases |
i_'?__‘l!%: oo BV A O 5 0 e | —— e | o 5 .
el /E | ] Tt BB | | BABREEY
) ' : _;_:L._'_ T A SEBE SO hE T el
e 1|
i L : e Ii : __ k9 N O S [ SR MR 5 |
; _ } ; o
|

i * 1 i
o}

{Distance 1

l_‘bra,ur-le X136 162i 1t/sec Muzzie velooity

Tl Proestile X 368 168511 sec Muzzie Velocity !‘I

|

|

l ——t e

l ! H i e [ o [l “"_'.‘Hl’_\ Ritis

...... B o g T 705 G o A T

|

et

- R v xR o

Fia. 8.

]

fis0]” Tied T200) (22€)

T R T N ) B o)

Comparison of Spin Rates.

Projectiles With and Without Rubber Obturstors.

It is evident from Fig, 8 that the launch-
ing spin of the rubber cobturated projectiles
(approximately nine revolutions per sec-
ond) is considerably higher than for the
unobturated T11$E1l projectile (approx. 1.3
rps). The recovered projectiles were
in good condition, indicating that the in-
creased spin had not damaged the fins,
Small bits of the rubber "O'" ring had been
forced into tre gap between the body and

10

chamber, by the propellent gases.

In view of the satisfactory performance
of these two rounds it is planned to fire
a complete program to determine the effect
of higher launching spin rate upon ac-
curacy and to establish the consistency

of the muzzle spin of a rubber obturated
round.

COMNFIDENTIAL



-

e

CONFIDENTIAL

Gilding Metal Rotating Bands

Another method of increasing initial
spin is through the use of a gilding metal
votating band, The Twelfth Progress
Report included the results of firing three
projectiles with gilding metal rotating
bands from a tube ritled one turn in 480
calibers, The projectiles suffered severe
damage in the tail assembly. Since the
tail assembly of the TI119EIll projectile
is considevably stronger than the tail
assembly of the test above it was decided
to test the ability of the TII9E1l tail as -
sembly to withstand the sudden torque

transmitted to the body by the action of a
gilding metal rotating band in the rifling
of the tube,

Two projectiles, one with fins 6,92 in.
iong and one with standard length (8,92 in,)
fins were fired from a 1-480 tube, through
a series of yaw cards, into a recovery box,
The range data are given in Table V, which
includes the measured rotation, A plot
of rotation versus distance appears in Fig,
9. Values of spin rate (rev/sec) versus
distance are given in Table VI and the
tabulated vaiues are plotted in Fig, 10,

ol el @ Projechiie X114 s
3 T T T @ Projectile %1148, 1630 11 /sec. Muzzle Velocity, Standard fins.
A R G M-27 Rifle, |- 480 Tube |

ort fin

e

s E R e sy e s vy Y PR
. e "':J:'IU:'mF_e_LfE':“:':jl SEIEEI ERRREERT
(0] TM20] Tag] [€0] [86] fiogy

HE—— R P S

(201 Tao!  [60] (185]

Fig. 9. Rotation Ver.us Distance From Munle.
TIQE!N Projectiles With Gilding Metal Rotating Bands.
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Table VI
Spin Rate of T119E11 Projectile

With Rotating Bond; Fired From 1.-480 Tube

: Projectile X 1149 Projectile X 1148

Distance 3 - - S5 i@ " T
(feet) H% IE (ft. /sec) (r%s) dZ (o/_f” (ft./sec) | (ribs)

0 -- 1638 -- -- 1630 --
60 2.43 1614 10,89 3,09 1606 13,78
80 2,61 1606 11,64 3,72 1598 16.51
100 2,79 1598 12,38 4,23 1590 18.68
120 2.91 1590 12.85 4,62 1582 20,30
140 3.06 1582 13,45 5.10 1574 22,30
160 3.18 1574 13,90 5.46 1566 23,75
180 3,30 1566 14, 36 5.70 1558 24,67

I SR T —— = e e i e i}

B

~[DProjectile X1149, 1638 fi/sec. Muzzie Velocily, Short fins. :
H©Projectite X114 8, 1630 tt/sec. Muzzls Velocity, Stondord fins.(
M-27 Rifle, 1~48% Tube. 3

S e Jat it e TR R = o

i bt

i
; i e

Distonce (feet)|.—

TSR P W T Wt I e _

o) (200 [0, [60]

80] 100

[izo] (o) [eo] 8ol  Eoo)

Fig. 10. Spin Rate Versus Distance From Muxule.
THIGEI] Projactiles With Gilding Metsl Rotating Bends.

The spin of the projectile with fins
6.92 in, long was nermal but the pro-
jectile with standard length (8,92 in,)
fins attained an abnormally high spin rate
of 24,5 rps at 180 feet, It is believed
that this high spin rate was due to fin dis-
tortion, giving an abnormal cant to the
fins,

From these test results it is evident
that the results of launching a TII9E!]

13

projectile with a nonr-siip rotating band
from a low spin tube are considerably
less satisfactory than the results from
launching the same projectile with a slip
band from a high spin tube, The fins were
damaged by the high initial angular velo-
city when using the non-slip band and thc
low spin tube, On the basis of these tes
results no additional tests from slow spi
tubes are planncd,
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Performance Tests of T119E11
Projectile

Efiect of Dimension=l Variations

Twenty Ti119E1l projectiles, prepared
and assembled so as to represent extremes
(loose or tight) in clearance between cer-
tain components of the tail assembly were
tested for mechanical functioniug and ac-

- G ¢
; v
4 t
y 4
7 '
4 g,
S S
’ 1]
e - 8 A

Fig. 11,

curacy. These tests were so made that
manufacturing tolerances might be as

broad as is justifiable,

Fig, 11 illustrates the tail components
involved in the dimensional study and Table
VII charts the original and proposed toler -
ances., The parts were machined for this
test and Table VIII is an inspection report
of the parts, The firing record for the
twenty projectiles is given in Table IX.

TII9EL] Tail Assembly Components.

For Tolerance Study.

Table VII

Proposed Dimensional Changes
Tolerance Study

Dimension| T 119E1l Dimensions|! Proposed Dimension_s_j
A 1.6875 + ,C010 1.687 + 004
B 1.6860 - .0015 1.686 - ,002
C 1.810 + . 001 1.810 + ,004
D 1.817 - . 001 1,819 - ,002
E 1.8069 - ,002 1,806 - .002
14
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Table VIilI

Inspection Data
T119 Projectile Parts

Proiectile DIMENSIONS (in) )
Na B C=1810 +.0002 D=1819 - 0002 | E=1809 - 0002
SET 1 Max. Min Max Min Max Min.
X867 SEE 1.8125 1.8191 1.8181 1.8094 1.8083
X868 NOTES 1.8135 1.8200 1.8191 1,8099 1.8093
X869 BELOW 1.8120 1,8200 1.8191 1.8102 1,8100
X870 1.8101 1.8205 1.8181 1.8103 1.8085
X871 1.8125 1.8200 1.8187 1.8099 1,809%2
X872 1,6115 1.8207 1.8191 1.8101 1.8088
X873 1.8125 1.8202 1.8194 1.8107 1.8102
X874 1.8090 1.8198 1.8188 1.8095 1.8092
X875 1.8120 1.8194 1.8182 | 1.8103 1.8093
X876 1.8095 1.6200 1.8194 | 1.8100 1.8097

SETI C=1814 +.0002 D:=1817— 0002 E=1807 ~ 0G02

Max Min Max Min Ma x Min

X877 1.81.12 i 1.8140 1.818% 1.8177 1.8082 1.8080
X878 1,812, l.vl8s 1.8175 1.80%2 1.8085
X879 1.8%i2 1.8146 1.8176 1.8171 1.8074 1,8070
X889 1.6125 1.5176 1.8172 1.8085 1.8080
X881 1.8160 1.8178 1.8161 1,80706 1.8055
X882 1.8135 l.8%169 1.8153 1.6u75 1.80690
X883 '.8124 l.6182 1.8179 1,8087 1.8085
X884 1.8142 1.814u 1.8165 1.816 i.8075 1.8070
X885 1.8142 | 1.8140 1.8177% 1.8L72 1,8083 1.8079
X886 L 1.811» 1.8178 1.8167 1.8083 1,8075
Notes:
1, Dimension A = 1,691 + ,uvu.. All picces in tolerance.,

2e Dimension B = 1,681 « (uutl. rhisateen picces in tolerance, iwo ineasurcd at 1, 6836,
3 SET I is close clcarance group; Sct 1l is loose clearance vroup.

Four of +' » ,r>jectiles were fired

s ee K .3
LT P S ¥4

through -0+ .ards, into a recovery box.
Twe ~ lne four pr. "ectiles were from
G- wp Il (le<7z clezrance) of Table VIII
1ot were ko Jts o .c 'xcess pressures

at Wnikert oz erature, The other two

prtieseile” from Group I (close toler-

e
’

P e
TN YT

VIII were loaded for oper -
5 and con.i*'oned at -40°
oerature limi.s represent

i 0-"looseness' and ''tightness"

g3

Y

The y0v ~ards and tle “~covered

Sprnj ety cave. < ridence of norr al funce

teeving cy 0w’ _ssemblies in ail four
Sy \" Shars s

Bt P Byl -0, TS Tronp 1 GE: e
Bins i Yans s»vne weir Leeva 71 {luose
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tolerances) of Table VIII were fired for
accuracy at a range of 998 yards. The
first projectile flew over the target and
after resetting the elevation the next fif-
teen rounds all hit the target with pro-
bable errors of dispersion of V.P,E,=
+.49 mil and H.P. E,=%,51 mil,

Since these projectiles were prepared
from certain components machined so as
to create extremes of fit wider than any
fit that could be expected in production
manufacture and assembly, the resulits
of the firing tests indicate that tolerances
in the tested compouents may be relaxed
to the proposed degree presented in Table
VII without being detrimental to the ac~
curacy of the projectile,
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Witk A Short Chamber-Tail Assembly

A tail assembly, ,475 in. shorter than
the standard tail assembly of the T119EIl
projectile has been tested at Erie Ordnance
Depet, Fig. 12 illustrates the revised
shorter chamber and tail assembly.

Six projectiles incorporating the shorter
tail assembly were fired through yaw cards
into a recovery box, The firing record is
contained in Table X, Three of the six
rounds were loaded to give excess pres-
sures at ambient temperature; three were
loaded for operating pressures, and prior
to firing were conditioned in a cold box
at -40°F, The yaw cards showed that the

[ e

e g $<\\q"$21 ;f ’

i gt T é’\ &1 by 0
: : . = i l .

——— g&k lissn

e e R T T_\l\\.._vm.‘:, Sig 1\:{

i § >tf1‘ ST RN

P 2l A ANNRY

oy A

T S N R R

fin-opening mechanism functioned satis -
factorily and the recovered projectiles
gave no evidence of failure or malfunction
of any of the components,

Fourteen projectiles with ithe short tail
assembly were fired for accuracy at an
18 ft by 18 ft target at a range of 998 yards,
The data appear in Table XI, Probable
errors of dispersion for 14 impacts were
V.P.E,=+,39 mil and H,P,E,=+.60 mil,

These test results indicate that the
short tail assembly can be incorporated
into the T119 projectile if, at some future
time, a desired decrease in length and
weight justifies the change.

~— A75.n shorier_than —
Stgndorg TNIEIT Projectiia
fing on stondard TUIEL] Peojacthile

NG

et NN

\ N

Fig. 12.
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Short Chamber and Tail Assembly.
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Future

l. A nylon slip-band will be tried as
a means of increasing the muzzlc spin
of the projectile,

2. Twenty projectiles with rubber
"O" ring obturators have been fired for
spin and accuracy, The results will be
reported in next month's publication,

3. Fifteen projectiles with short bodies,

Program

20

short ogives and rounded ncse caps are
being assembled. It is planned to fire
these projectiles to check drag and ac-
curacy,

4, Twenty special housings with an
O,D. of 4.118 ~ ,005 are still in process.
This design should permit a smoother
launching condition of the projectile, Re-
sults will be included in a later report.
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T171 PROJECTILE

Accuracy Tests

Two modifications of the T171 pro-
jectile were fired for accuracy and flight
evaluation at Erie Ordnance Depot. Seven
T171 MD8 rounds (Fig, 13) and twelve T171
MDI0 rounds (Fig. 14) were launched from
a T137 rifle having a 1-20 twist tube., The
target, 18 ft, by 18 ft,, was placed 1000
yards from the gun muzzle, Since the pro-
jectiles did not have rotating bands, it is
estimated, from spin measurements pre-
viously made, that the rounds were ro-~
tating 2 to 3 rps at the muzzle,

T171MD8 (Fig. 13)

Of seven rounds of this modification
fired one round hit the target, This one
round, fired at an elevation of 23 mils
and zero azimuth, with a muzzle velocity
of 1692 feet per second, hit .28 mil below
and 1, 28 mils right of the aiming point.
Two rounds, after hitting velocity coils,
exhibited large yaw during the remainder
of their observed flight and another round

Fig. 13.

tumbled at a point about §00 yards down
range, The remaining three rounds ap-
peared stable in flight, but driited off the
line of sight, The firing record for this
program is in Table XII,

s yave card was placed on the first
velocity screen and the three projectiles
which flew badly (X902, X903, X911)
each had a large initial yaw, indicating
that poor launching conditions were re-
sponsible for the poor flight. The poor
launching conditions may be related with
the riding surface of the fins - which is
narrower and lenger than that of the T-4
fin used on the T171 MDI10 projectile,

TI171MD10 (Fig. 14)

Eleven of the twelve MDI10 rounds fired
hit the target, with probable errors of
1.60 mil horizontally and 1,90 mil ver-
tically, The dispersion chart is shown
in Fig, 15, These rounds, fired at an
elevation of 23 mils and zero azimuth,
with an average muzzle velocity of 1669

TI7IMD8 Projectile.

i, , e
.———\//\_*__J

Fig. 14,

2l

TI7IMDI10 Projectile.

CONFIDENTIAL



CONFIDENTIAL

{eet per second, had a center of impact
+ 11 mil above and .28 mil to the right of
the aiming point, The round that missed
the target appcared stable in flight but
drifted to the right, The firing record
for this program is shown in Table XII,

The large vertical dispersion may re-

sult either from the difficulty in main-
taining 2 uniform loading density of the
separaiely loaded rounds or from the
low initial spin rate, or both, The large
horizontal dispersion also suggests that
the spin rate of 2 to 3 rps is not sufficient
to yield satisfactory performance,
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Fig. 15. Dispersion Chart

TI7IMDI0 Projectiles.
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Baiiistic and Range Calcuiations

Using the Siacci theory and experi-
mental data, ballistic coefficients for the
T171MD3, MD5, MDI10 and MDII config-
urations were determined., From these
ballistic coefficients the form factors
and drag coefficients were computed,
The terminal velocity, time of flight and
elevation were found for various ranges
and muzzle velocities, and the variations
in vertical target strike which would result
from errors in range estimation have
been calculated,

Ballistic Coefficients

The Ballistic coefficients were found
which satisfied the equations

- 1
€ M=
C. = =X_
T Sf"So
where

t = time of flight

x = range

To= Siacci time function at initial
velocity.

T, = Siacci time function at final
veiocity.

S,= Siacci space function at initial
velocity,

Sg= Siacci space function at final
velocity,

C.,Cs= Ballistic coefficients deter -
mined by time and space con-
ditions,

Table

Ballistic Coefficients
TIZIMD3, MD5, MD!10O

The times of flight and muzzle velocities
were measured, and the range was known,
After the initial values of the space and
time functions corresponding to the muz-
zle velocities were obtained from the
tables, the terminal velocity was varied
until the final values of the space and uume
functions were found that gave equal values
of the ballistic coefficients, Cq and C.

This procedure was carried out with
standard drag functions 1, 2, 7 and 8,
and the standard function chosen was that
one which best fit the experimental data.
The best fit was assumed to be the func-
tion for which the standard deviation of
the ballistic coefficients was a minimum,

It was found that the number 2 standard
function provides the best fit to the data
for the MDI1 projectile, and the number 7
standard functicn was chosen for the MD3,
MD5, and MDI10 modifications,

The form factors were then deiermined

from the relation { = S
Ccd?

where i=form factor

C = »allistic coefficient
m = mass of sheil

d = diameter of shell

Values for the ballistic coefficient and
the form factor are shown in Table XIII,

p 411

and Form Factors
and MDI!1 Projectiles

ceLoo

==1>

M~ "1
L. TI7l NE; -

TI7IMD3 L
2 = 1—-—-__&____““_“ | : : e ;7 > — E i
e TIANDID. e B
Projectile Ballistic Coefficient Form Foctor " Standord Toble

MD3 . 3194 3,217 i
MD5S . 3070 3, 34Y 7.2
MDI10 . 5557 1,850 Tk
MIDN 1 L5325 1.4931 22
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L4 Drag Force Coefficients

With the aid of the expression

k=¢217x10"°%
i = form factor
G = drag function

b} u = velocity

the drag force coefficient - Mach number
relationships for these four configurations
were computed (Fig. 16). The solid sec-
tions of these curves are the portions of
the curves to which the experimental data
were applied, while the dotted lines are
extrapolations of the standard curves using
the at ..e listed [orm factors., These
results indicate that the drag force acting
on each of these projectiles, using the
MDI10 modification as a base (=1.0),is
1,09 for the MDI1, 1,74 for the MD3 and
1. 81 for the MDS5,
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Fig. '¢. Drag Force Coefficient Versus Mach Number.
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TI7:iwD3, MDS, MDIO and MDII Projectiles.
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Trajectory Elements

The significance of a difference in drag
force lies in its effect on the trajectory

elements. Using the equations

St =S )-<C—6: sec B,
Yy =x’can90- 2%1 [(A‘F'Ao)'Io ‘)'(g

t== -1

So,f‘ initial, final values of Siacci
space function,

To4#= initial, final values of Siacci
space function,

A,,¢= initial, final values of Siacci
altitude functions,

I, = initial value of Siacci inclination
function,

X = range

¢ = ballistic coefficient

t = time of flight
y = elevation

& = ratio of density of air to standard
density.

26

the elevations, terminal velocities, and
times of flight were related to varying
muzzle velocity for ranges of 1000 yards
aund 2000 yards, (Figurcs17-22), and to
range for a muzzle velocity of 1650 feet
per second (Figures 23-25),

It is easily seen that the MDI0 and
MDIl modifications are superior to the
MD3 and MD5 modifications when drag
force alone is considered, The required
elevation for the MDI10 is 3% less than
that for the MDI1 at 1000 yards, and 5%
less at 2000 yards, The remaining velo-
cities of the MDI0 at 1000 yards and 2000
yards are, respectively, 3% and 6% higher
than those of the MOl at the same ranges,
while the times of flight for the MDIO at
1000 yards and 2000 yards are 2% and
3% lower than those of the MDII at those
ranges,

Variation in Hit

The variations in vertical target hit
as a function of range error, for ranges
of 10C0 yards and 2000 yards, and as a
function of range, for a 15% range error,
were determined using the equation

2.
yoxtono- Zala-nd T2

and plotted in Figs, 26,27 and 28. These
graphs also show the superiority of the
MDIO and MDIl modifications over the MD
3 and MD5 rounds. It is apparent that
the MDIO is an improvement over the MDII,
especially for extended ranges, when this
variation is considered,
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Fig. 17.

[Mozzie wrioeiny Tiise

Remaining Velocity Versus Muule Velocity.

T17IMD3, MDS, MD10 and MDII Piojectiles: 1 000-yard Range.

Fig. 18. Elevation Versus Munle Velocity.
T17tMD3, MD5 MDIO and MDI1 Piojectiles, 1.000-yard Range.
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Fig. 19. Time of Flight Yersus Mumzle Velocity.
TI7IMD3, MDS, MDIO and MDII Projectiles: 1,000-yard Range.
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Fig. 20. Remaining Yelocity Versus Muzzle Velocity.
TI7IMD1, MDS, MDI0 and MDI | Projectiles; 2,000.yard Range.
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Fig. 21. Elevation Versus Muzzle Velocity.
Ti7IMD3, MD5, MDI0 and MDt! Projectiles; 2,000-yard Range.
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Fig. 22. Time of Flight Versus Muzzle Velocity.
T17iMD3, MD5, MDIO and MDil Projectiles; 2,000.yard Renge.
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Fig. 23. Remaining Yelocity Versus Range.
TI7IMD3, MD5, MDI0 and MDII Projectiles.

'Il_oﬂ imil_sfll

Eleva

Fig. 24. Elevation Versus Range.
TITIMD3 MDS. MDI0 and MDI1 Projectiles.

30
CONFIDENTIAL




CONFIDENTIAL

h sec))

me of Fligh

Fig. 25. Time of Flight Yersus Range.
T171MD3, MD5. MD10 and MDDt Proiectiles.
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Fig. 26. Variation in Hit Versus Range Error.
TI7IMDY MB35 MOI0 and MDOII Projectiies 1,003-yard Range.
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Future Program

l. Because of the advantage the re-
duced drag force provides and the simpli-
fication of penetration problems offered
by the conical nuse, continucd emphasis
will be placed on achieving satisfactory
accuracy with the MDI10 modification,
Several T171IMDI0 projectiles are at Erie
Ordnance Depot awaiting firing from a
1-500 twist tube., This test is designed to
show the effect of spin rate upon the ac-

33

curacy of this projectile,

2. A test similar to (1} is planned for
T171 MDI1 projectiles,

3. T171 MD1! projectiles, modified by
replacing the regular tee with the T138
E23M nose (page 19, BRL Memo Report
592, A. S. Plalou) are being prepared
for evaluation tests,
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PENETRATION STUDIES

Scaling Studies

Twa separate but related scaling studies
have now been completed. One is based
upon the DRB398 copper cone and the
first part of this study (75mm) was pre-
sented in the Thirty-Fifth Progress Re-
port, The second considered a family
of 45° sharp apex copper cones and was
reported in the Thirty-Sixth Progress
Report., In this report new data for the
90mm size DRB398 type cone is presented
and all data for the two studies are sum-
marized,

The 90/105mm scaled counterpart of
the DRB398 cone and CRC376 test as~
sembly consists of a DRB707 cone and

DRC506-1 test assembly (No, 2 nose ring).
Fig, 29 shows the cone and Fig, 30 shows
a cone and charge assembly. Thesc cones
were made from DRB398 drawn cones by
cuiting them off at the approprizte base
diameter (3.0 inch register diameter)
and by machining the inside wall surface
to the specified wall thickness (. 086 inch),
The only departur om linear scaling
is in the small spitback tube whose cimen-
sions are unchanged from the original
DRB398 cone,

~
o ty
oal

The inspection data for the DRB707
cones are shown in Table XIV and the pene -
tration data are shown in Tables XV(A) and
xXv{L).
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Fig. 30. DRC506-1 90 mm. Penetration Test Assembly.

90/105 Scaled Counterpart of DRC176 Assembly.
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2. The indic

~ b2
alea

1. Lower datum is ,48% inch above base; the upper datum is 2,32 inches above base,
mcasurentent at each datum is the total indicator runout of the liner‘<
outside surface relative to the register diameter,

Table X1V
Inspection Data
DRB707 Cones
; Mox. Variatian in Max. Wall : v 0o ey 2
Cone wall (iJchr:g:;\e ss wall Thickness(in) S i, Bose(ionc:;ter;cny Tc;n“e \“’Fi'o
No. Max. | Min. | Avg. |TransversefLongitud.| O.D. | I.C. |Datum | Dotum | in Assembly
Specification
DRB7C07
 Cone __ .08 _.,084 _  -- __ ,001L __ .003 __ ,003 __.003 __.0030 .0030 __.015 {(Maximum)]
13'51049—1 . 086 .085 1 . 0851 . 001 , 001 ., 002 . 002 .00101}.0020 , 005
FS1050 .088 . 086 . 0865 . 002 .002 .001 .002 . 0020 | .,0025 .010
FS1051 .085 .084 . 0845 . 001 . 001 . 00! . 002 ,0040 | ,0010 . 004
FS1052 . 090 . 085 .0878 . 001 ., 004 . 002 . 005 .0020 ]| ,0015 . 002
FS1053 . 092 , 086 . 0890 , 001 .00% .002 .003 .00201|,0010 . 004
FS1054 . 090 . 085 . 0875 . 001 . 004 . 002 . 003 .0020].,0020 .010
FS1055 . 094 . 086 .0898 . 001 .008 . 002 . 008 .0015].0040 .008
FS1056 . 086 . 084 . 0851 . 001 .002 . 002 L0035 -023101 ,0020 . 005
F&1057 . 085 . 08Y . 03850 |<,001 <,001 L0002 . 002 ,0020|.0020 . 008
FS1658 . 086 . 084 . 0851 . 001 .002 , 002 .003 .0010}.0020 .010
FS1059 . 086 . 084 . 0850 . 001 . 002 .002 .003 .0020 | ,0020 , 007
FS1060 , 087 . 086 . 0865 .003 . 003 .002 . 002 .00151].0040 . 006
FS1061 , 085 . 084 . 0845 .002 . 002 . 002 . 002 .0030|,C060 . 016
FS1062 .090 . 086 . 0880 |<,001 . 004 ., 002 . 004 L0020 1.0010 ., 004
F51063 3 ~-— ca- - NO DATA - - LR .- - > c -
FS1064 , 087 . 085 . 0863 .0C2 . 001 .002 . 002 .0020 | , 0040 . 005
FS1065 . 087 . 085 . 0860 . 001 . 001 ,003 . 002 . 0020} ,0040 , 012
FS1066 . 090 . 08% . 0879 . 003 . 003 . 002 . 003 .00201}.0030 . 006
FS51067 . 086 ., 084 .0853 . 001 . 002 . 002 . 003 .00101}.0010 . 008
FS1068 .088 . 085 . 0864 .061 .003 . 002 . 005 .,0020, ,001¢C . 005
FS1069 , 085 .082 . 0843 .002 .003 . 002 . 004 .00201{.,0020 . 001
FS1070 . 087 . 085 . 0860 . 002 . 002 , 002 . 004 .0020].0010 <017
FS1071 . 087 .084 . 0854 . 001 .003 . 002 . 004 .00101{.0010 . 002
FS1072 ., 085 .083 . 0840 . 001 . 002 , 002 . 003 .0020},0010 .010
FS1073 . 090 , 085 . 0875 . 002 , 005 . 002 , 005 .0020].0010 .006
FS1074 , 086 . 085 .0853 .001 , 001 . 002 . 004 .00301}.0010 .010
Avg, . 08751 ,0848 . 0862 .0013 .0026 . 0020 ., 0033 .0019 1.0021 . 0072
Std.
Dev, +.0024 +,0010 +,0017 +.0007 +.0017 +.0004 +,0014 +,0007 +,0013 +,0039
Notes:

The difference between the runout

at the two datumn planes is an indication of the lack of perpendicularity of the register
plane and the liner axis,
3., Held as sample,

LS Sud
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Table XV
Penetration Data
DRB707 Cones
Stondoff Penetrotion Mox. Spreod Std. Devigtion
Round No. | Lb.Camp B {in.) {inches M.S.) i (in)
A. Effect of Standoff

FS1049 1.56 65,0 18.69
FS1050 1.58 6.0 16,94
F'$1051 1,60 6.0 15,81
FS1052 1,58 6,0 17,31

Avg. 17,19 2.88 £1,19
FS1053 1.56 9,90 18,31
FS1054 1.56 9.0 18,25
FS$1055 1.58 9.0 17,94
FS1056 1,60 9,0 17, 44

Avg, 17,99 .87 $0,40
FS1057 1.58 12,0 19.12
FS1058 1.56 12,0 17,44
FS1059 1.58 12.0 18,62
FS1060 1.58 12,0 19,12

Avg, 18,58 1,68 +0, 80
Notes:

1. Cones were modified from drawn DRB398 HW3 item | copper cones,

and were assembled in DRC506-1 test bodies, plugs and No. 2 nose rings,
2., Loaded at Ravenna Arsenal, BAT Lot No, 32, with Composition B

from Holston Lot No. 4-1197,
3, Tested at Erie Ordnance Depot without rotation;mild steel target plate was used,

B. Effect of Rotation

Penetration Mox. Spreod Std. Deviation

Raund No. | Lb.Comp B| Rev/Sec Incehes,M?S. (,n_)p (i;.)
FS51049 1.56 0 18, 69
FS1050 1,58 0 16,94
FS1051 1,60 0 15,81
FS1052 1,58 0 1_7.31

Avg, 17,19 2,88 11,19
FS51061 1.56 30 15,25
FS1062 1.58 30 14,75
FS51074 1,58 36 13,88
FS51064 1,60 30 12,75

Avg. T4, 16 2,50 £1,10
FS51065 1.56 60 8.18
FS51066 1.56 60 7. 75
FS1067 1.56 60 8,18

Avg. 8, 04 0,43 I.25
FS51068 1.58 30 6.56
FS51069 1,56 30 6,62
FS1070 1,58 90 6.50

Avg. 6,56 0.12 +.06
FS51071 1.58 120 5.94
FS1072 1.56 120 5.56
FS1073 1.58 120 5.38

Avg, 5,63 0,56 +.29
Notes:

rings.

1., Cones were modified from drawn DRB398 HW3 item 1 copper cones,
and were assembled in DRC506-1 test bodies, plugs and No, 2 nose

2. '.oaded at Ravenna Arsenal, BAT Lot No, 32, with Composition B
from Holston Lot No, 4-1197,
3, Tested at Erie Ordnance Depot at a standoff of 6.0 inches,
steel target plaic was used,

Mild
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Scaling of Standoff

The penetration data for the effect of
standoff are shown in Fig. 31 and are com-
pared directly with similar data for the
75mm and 105mm scaled counterparts,
The curves have the same general shape,
Fig, 32 is a generalized plot showing the
effect of standoff, Data for both scaling
studies are included in this curve, Both

depth of penetration and standoff distance
are expressed in terms of charge dia-
meters. In confirmation of generally
accepted theory a single curve represents
the data adequately for standoff distances
up to 4 or 5 charge dirmeters, At longer
standoff distances other factors such as
precision of manufacture, charge sym-

metry, etc., become increasingly im-
por tant,

Fig. 3I.

Penetration Versus Standoff.

75 mm., 90 mm. and 105 mm. Cones Type Cones.

v
Y]

CONFIDENTIAL

T N S P —



CONFIDENTIAL

e

@bl S L R T

STRADT | T

HIEN

Fig. 32. Penetration Versus Standoff.

In Terms of Charge Diamaters.

Scaling of the Ratational Effect
The penetration vs spin rate curve
for the 90/1G65 modification of the DRB
398 type cone is shown in Fig, 33, Fig,
34 is a generalized plot in which the data
for both sharp apex and spitback tube types
of cones are presented, The data for a
1.63 inch diameter charge (Carnegie In-
stitute of Technology, Report No, CiT-
ORD-RI18), though not scaled directiy,
are also shown for comparison. The pene-
tration (Pw) at any spin rate (w radians,
sec) is expressed as a fraction of the
non rotated penetration (Po) and is equal
to Pw. The spin rate is expressed in
P,
terms of surface speed and is equal to
wr . As expected the effect of spin is

38

invariant under these transformaiions
and the one curve represents the data
for all of the charges quite well, There
are, however, certain restrictions upon
the general applicability of the relation-
ship between spin rate and penetration
shown in Fig, 34, The data were obtained
using conical copper cones of such quality
that without rotation they would pene-
trate approximately 6,0 charge diameters
inio mild steel target, Charges of poorer
quality, or of other shapes or materials
will lose their penetration at a different
rate, Under these latter conditions the
empirical relationship presented in the
Supplement to the Penetration Studies
beginning on page 38 of the Eleventh Pro-
gress Report is more neariy applicable,
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Fig. J4. Penetration Versus Surface Velccity.
2.5.in., 3.0.in.. and 3.5.in. Sharp Apex and Spitback Cones.
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Penetration of DRB398 Ccnes to provide a srrnall clamping flange, :ig.
At High Spin Rates 35 shows the cone (DR3G3G8HW 3 item 1)
and Fig, 36 shows a DRC376 test asseinbly

The penetration spin rate behavior of with No, 2 nose ring. The inspection
DRB398 copper cones has been well es- data for these cones are shown in Table

tablished between the spin rates of -25 XVI and the penetration dala are pre-
rps and +30 rys., These data have been sented in Table XVII and Fig, 37, The

presented in Fig, 6 of the Twenty-Seventh dotted curve shown in Fig, 37 is for the
Progress Report, The tests have been earlier data, (Fig, 6 of the Twenty-Seventh
continued and data are now available for Progress Report). The agreciment is ex-

spin rates up to 250 rps., In this experi- cellent,
ment the bases of the cones were modified

n
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~ ' EFd%
e 2778 T
NOTES _ SEENOTE D s
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B. ALL INDICATED SURFACES MUST BE C(ONCENTRIC WITHIN SO03 TR wWITH RESPECT 70 2555 Dim
C.ALL INDICATED SURFACES MUST BE FLAT § PARALLEL wITHIN .C0S5 TR & PERPENDICULAR

To & OF PART.
DN THis REGION VARIATION N STRM GHATREDS SR THIGKNEDS OF wALL SHALL nOT
EXCEEDR 00% N ANY AXI1AL PLANE. VARIATION OF WALL. THICK NESD IN ANY TRANSVERSE
PLANE BHALL NOT DXCEED .002

E. PREFERRFD MATER AL OXYGE™ FEé'E,No RESIDUAL DEOXIDANTS COPPER.

Fig. 35. DRB398 HW3 ltem | Cone.
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Fig. 36. DRC376 Penetration Test Assembly.

DRB3?8 Cone.
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Table XVI

Inspection Data
DRB3%S HW3J Item 1 Cones

O Cane Woll Thickness Mox. Woll Thickness [ Max. Wai! Conceniricity T.1.R L2
’ {inches) Variation{in.) Wavlness (in) Bose | Apex Cane Tip in
No.  ™Mox_ | Min. | Avg. |ironsverse[Longifud| O.D. | I.D. |Dotum lootum T Assembly
Specification
DRB398 .,105 » 100 - .002 , 006 ,003 .003 . 0030 .003C ., 015 (Nominal)
HW3 Item I
_Cones __ _ _ o e
R56 [ .103 T.100 L1016 | .o002 . 003 .002 .603 | Ju0z L5010 L002
. R57 ,105 . 102 . 1040 .003 .003 .003 . 004 .002 .0020 .003
RS .104 . 102 . 1024 .002 . 002 .003 .003 .002 . 0020 .002
R59 .104 .101 . 1021 .002 .002 .003 .002 .003 .0020 .,003
R60 .103 . 101 » 1020 .002 .002 .002 ,002 . 002 .0010 .003
R61i , 100 . 096 . 0388 . 002 .,004 .004 .004 .002 .0010 .004
Ré62 .103 .100 .1013 .002 .002 .003 ,002 .002 . 0020 , 006
R63 .101 | ,099 . 0999 .001 .002 ,003 .002 | ,004 .0030 .002
R64 .,103 +100 .1018 .002 .002 .002 .002 . 004 . 0040 .003
R65 .102 . 100 .1014 .001 .,001 .,001 .003 .002 .00i0 .002
’ R66 .102 . 100 1011 .002 .002 . 002 .003 .003 .0020 .002
R67 .101 ., 098 . 1000 ,003 . 002 .003 .003 .002 . 0020 .003
R&8 . 104 . 102 . 1029 .002 .002 . 002 . 002 .002 .0030 . 005
R69 .103 . 100 .1014 .003 .001 .002 .001 .002 .0030 . 010
R70 .104 .101 . 1024 .003 .002 .002 .002 .001 .0020 .009
R71 . 104 +102 ,1029 .002 .002 .002 .002 . 002 . 00290 . 002
R72 .102 . 098 .1003 . 004 .003 .002 ., 003 .002 .0020 , 006
R73 .103 .101 , 1016 . 002 .002 . 002 . 002 .002 |[<.,0010 . 002
’ R74 .102 . 100 . 1009 . 002 .002 . 002 . 002 . 002 .0010 , 006
R75 .104 . 100 .1023 . 004 .002 .003 ., 002 . 001 .0020 .002
R76 ,103 | , 101 . 1019 . 002 .00 003 .002 | .002 , 0020 ,007
R77 .107 . 101 . 1034 . 005 .004 . 002 . 004 .003 . 0040 .002
R78 .105 . 102 . 1034 . 002 .002 . 002 .002 .002 .0010 . 003
R79 .103 .102 ., 1026 .001 .001 . 002 . 005 . 002 . 0020 . 004
R80 .105 | ,102 . 1036 .,003 . 002 . 002 .003 | ,002 , 0020 . 006
R81 . 105 .103 . 1041 . 002 .002 . 002 . 002 .001 . 0020 . 002
f’ R82 ., 105 .102 . 1038 .003 .002 . 002 .002 .002 . 0020 . 004
R83 . 102 . 098 . 1000 . 004 .002 .003 . 002 . 002 .0010 .001
R84 .101 . 100 , 1006 .001 .001 . 002 . 002 . 002 . 0020 .008
R85 .101 . 100 . 1005 .001 .001 . 002 . 003 .003 . 0030 . 005
Avg. .1031 ,1005 .1018 .0023 .0021 .0023 . 0025 .0022 ,0020 . 0040
Std,
Dev, +.00i5 +,0vi6 +,0015 +,0010 +,0007 +,0006 +,0009 +,0007 +,0012 +.0023
’ Notes:
1, Lower datum is , 484 inch above base; upper catum is 3,302 inches above base,
2% The indicated measurement at each datum is the total indicator runout of the liner's
outside surface relative {o the register diameter., The difference between the runout
at the two datum planes is an indication of the lack of perpendicularity of the register
plane and the liner's axis,

@
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& Table XVl

Penetration Data
DRB398 HWJ item | Cones

Round - Penetroticn Mox.Spread| Std Deviation
No. Lb.CompB | RPS (inches MS ) (in) tin)
. R56 2.50 0 19.18
R57 2.46 " 19,18
RS8 2,46 ' 22,69
Avg. 20, 35 3,51 +2,03
RS9 2.46 15 19.81
R60 2,46 L 20,25
- R61 2.46 i 20.6G6
A Avg. 20,04 | 0,44 10,22
R62 2.46 30 13,88
R63 2,46 L 13.75
R64 2,46 = 14,06
Avg. 13,90 0,31 10,16
R65 2.46 15 9.69
' R66 2.46 g 9.88
R67 2,45 " 9. 44
Avg., 9,67 0,44 0,22
R68 2,46 60 7.5
R69 2,46 o 7. 75
R70 2.46 " 7. 44
Avg,  7.65 | 0.3l 10,18
R71 2.46 90 6.56
R72 2,46 8! 7.25
R73 2.48 2 7. 00
Avg, “6.94 [ 0.69 10,35
R74 2,46 120 5.81
R75 2.44 " 7.18
¢ R70 2. 44 " 7.88
< : Avg. 6.96 | 2,07 10.85
R77 s, 46 150 7. 06
R78 2,44 i 6.94
R79 2,46 0 5.81
~ Avg., 6,60 1.25 10,69
R80 2,44 180 4,81
i R81 2,46 B 4,56
rRo2 2.46 B 4,31
Avg, 4,56 0.50 10,25
R83 .48 250 4, 69
R84 2.46 ' 4. 94
R85 2.44 " 4, 38
Avg, 4,67 0,56 10,28
g Notes:
1. Cones were drawn DRB398 HW3 jtem | copper cones assembled in DRC276
test bodies, plugs and No, 2 nosc rings,
2. Loaded at Ravenna Arsenal, BAT Lot No, 34, with Compositicn 1 {rom
Holston Lot No. 4-1i97,
3, Testcd at Erie Ordnance Depot, mild steel target plate, 7.5 inch staandoif,
Ay
w
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Fig. 37. Penetration Versus Retation,
At High Spin Rates.

Behavior of Zinc Alloys
(Zamak 3)

At the Quarterly Meeting of the Shaped
Charge Committee held January 28, 1953,
in the Ballistic Research Laboratory at
Aberdeen Proving Ground, Mr, Guy Thro-
ner (Naval Ordnance Test Station , China
Lake, Inyokern, California) reported 26
cast Zamak 5 cones having an apex angle
of 42.5° and a 4% wall thickness pene-
trated 6.2 cone diameters into mild steel
target. This level of performance is as
good as is normally obtained with well
made copper conres of optimum thickness
and is well above that reported for ''pure"
zinc cones by workers at £,1, du Pont de
Nemours and Co., (Report for March,
1943, Contract No., W-670-OCRD-4331,
Section VII), The du Pont cones were
drawn from sheet at Frankford Arsenal
and were 45°, 1,63-inch base diameter,
. 037-inch (2.27%) wall cones, The best
average penetration observed was 5.5
inches (3. 38 cone diameters) of mild steel,

Since the performance reported for zinc
by NOTS was so good and since zinc may
offer certain advantages over copper fo:
use in shaped charge weapons, the pene -
tration behavior of two zinc die casting
alloys, U, S, Army, Specification No,
57-93-2A, Alloys A and B, are being
determined in this laboratory. The tests
for standoff penetration benavior of Alloy
A (Zamak 3) cores has row been com-
pleted,

The cones employed in this program
were made by machining rough sand casi-
ings to DRB398HW3 itern 2 and 3 (Fig. 35).
The cones were assembled in DRC376 test
assemblies using No, 2 ncse rings (Fig
36). The item 2 cones have a wall thick-
ness of .120 in, the item 3 cones ,140 in,
but the outside dimensions of the two ser-
ies of cones are alike,

The inspection data for these cones are
shown in Table XVIII and the penetration
data in Table XIX and in Fig, 38,

43
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 PENETRATION - INCHES MILD

Fig. 38.

At a standoff distance of 7.5 in,, ap-
proximately the standoff available in pro-
Jectiles using a cone 3.5 in. in diameter, "
the average penetration of these Zamak
3 concs is approximately 18 in. (5.2 charge
diameters) compared to the 2G.4 in, (5,8
charge diameters) observed with the cop-
per cone controls (Table XVII),

Although there is no substantial dif-
ference in the average penetration of the
. 120-inch wall and .140-inck wall cones,
the standard deviation of the ,140-inch
cones is uniformly less than for the ,120-
inch wall cones, suggesting that ,140-in,
is closer to the optimum wall thickness,
The sand castings from which these cones
were machined were not uniformly dense
and some of the porous areas remained
It is possible that the
. 120-inch wall cones would be as satis-
factory as the heavier cones if the porosity
was eliminated,

in the final cones,

The charges used in this test and also
those used by NOTS have reasonably heavy
confinement while the du Pont charges
were uncenfined, In view of the difference
in confinement, past experience with cop-
per cones would indicate that the differ-~
ence in wall thickness, 4% vs 2% is of
the proper magnitude for satisfactory

44

Penetration Versus Standoff.
DRBI98 HW3 items Z and 3.

performance,

It is typical of these cones that no slug
remains in the cavity produced by the jet.
Presumably because of the relatively low
melting point of zinc the slug appears
to have melted and splashed out between
the target plates. There was #lso some
evidence of target shock or damage be-
vond that normally experienced with cop-
per cones, There is a steel box approxi-
mately two fcet square and three feet deep
buried beneath the penetration table. This
box is covered by a 3/4-inch steel plate and
the target plate is stacked on top of the
steel cover. In these tests two rounds,
I'S1190 and FS1210, caused sufficient shock
to overturn the cover and to dump the
target plate into the pit, This effect has
never been observed in the testing of other
rounds,

The excellent performance of these
Zamak 3 cones, the low cost and availa-
bility of zinc, the high production possi-
bilities of die cast cones and the possi-
bility for increased damage beyond tiie
target invite a continuation of the study of
the behavior of zinc cones. Zamak 5
cones are now being manufactured and
their performance will be compared with
the Zamak 3 cones,
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Table XVIii

inspection Data
Zamak No. 3 Cones

| Y Lower datum is , 484 inch above base; upper datum is 3,202 inches above base,

2. The indicated mcasurement at each datum is the total indicator runout of the liner's
outside surface relative to the register diameter. .
at the two datum planes is an indicaticn of the lack of perpendicularity of the regisicr
plane and the liner's axis,

The difference between the runout

Cone /a1 Thickness - in. Max.Wall Thickness Mox Wall Woviness Concentricity in. T.I.R %
Number Yorigtiop = in iin.} Bose 1 | Apex Cone Tip
Mox. l Min. l AV'] Trons. I Lonn_ 0.D. ‘ 1.D Do'um Dotum in Ass'y.
A. DRB398 HW3J item 2 Cones (.120-in. Wall)

Specification

DRB-398 ,125 . 120 - . N02 . 006 . 006 . 006 .0030 ,0030 . 015 (Nominal)
HW3

Item 2

| Zamak #3 - e

FS1183 . 124 121 .1226 . 002 .002 . 001 . 0n2 . 0050 |. 0030 , 002
FS1184 .123 .116 .1209 . 005 007 . 001 . 007 .0030 |,0040 . 008
FS1185 . 124 117 .1216 . 004 .0G6 |< 001 . 006 .0040 {,0080 ,010
FS1186 . 123 .118 . 1206 . 002 . 004 . 001 . 005 . 0040 |,0040 .010
FS1187 «127 .118 . 1229 . 005 . 006 . 001 . 006 .0030 [,0030 ., 009
FS1188 .123 117 .1210 . 005 . 005 . 001 . 005 . 0020 |,.0030 . 005
FS1189% . 125 .123 . 1244 . 001 .032 . 001 . 002 . 004D | . 0030 . 002
FS1190 .124 o122} 1226 . 002 .00z . (01 . 002 .,00390 . UZ0 .00z
FS1191 124 .122 . 1230 . 002 . 001 . 001 . 003 , 0020 |,0010 . 004
FS1192 « 124 123 . 1233 . 001 <,001 . 001 . 001 L0UsC 11,0020 . 005
FS1193 . 125 .121 .1231 . 002 .002 . 001 .003 .0030 },0010 .003
FS1194 . 124 .121 . 1226 . 001 . 003 .001 .003 .,0030 |.0020 . 005
FS1195 J122 . 124 » 1238 . 001 . 002 . 001 . 002 . 0020 {.0030 . 009
FS1196 . 125 .124 . 1245 . 001 <,001 . 001 .00} L0044 L Duse 6503
51197 . 125 .120 .1211 . 001 . 002 . 001 + 003 »0030 |,0m10 .0U1

Avg, .1239| 12041 ,1225 . 0023 .0029| .0010 . 0034 .0032 |.0031 .0053

Std,

Dev, +,0013 $,0025 +,0012 4+.,0016 +,0023 ~w- +, 0019 1,0009 +,0019 +,0031

B. DRB398 HW3J ltem 3 Cones {.140-in. Wall)

Specification
DRB398

HW3 . 145 . 140 .- . 002 . 006 . 006 . 006 .0030 ,0030 .015 (Nominal
ltem 3

Zamak #3

| Cones e — ]

FS1198 . 146 , 138 . 1425 . 004 . 006 . 001 . 005 . 0040 },0050 T . 001
FS1199 . 147 .138 . 1433 .003 . 007 . 001 . 007 . 0020 {.0n30 . 006
FS1200 . 150 .143 . 1471 . 005 . 0C5 . 001 . 005 .0030 {.0030 . 004
FS1201 . 146 . 141 . 1435 . 001 . 004 . 001 . 004 .0030 [.0050 ,003
FS1202 . 147 . 141 . 1438 . 004 . 005 . 001 . 005 .0060 |, 0060 . 005
FSi203 . 144 .136 . 1410 . 005 . 007 .001 . 006 ., 0030 |, 0010 . 003
¥S51204 . 148 .139 . 1440 . 006 . 008 .00} . 005 . 0040 [, 0050 005
FS1205 . 149 . 141 . 1443 . 008 . 006 . 001 . 006 0060 [.0090 . 005
FE1206 . 147 . 137 . 1429 . 006 . 006 .001 . 006 .0030 !,0050 . 009
FS1207 . 145 . 140 . 1424 . 002 . 005 .001 . 004 .0020 },0010 .011
FS1208 . 144 . 140 . 1420 . 001 .004 1,001 . 003 . 0030 | ,0020 . 009
FS1209 . 145 .139 . 1425 ., 002 . 006 . 001 . 006 . 0030 |.0030 . 005
FS1210 . 145 . 138 . 1429 . 005 . 006 . 001 . 006 . 0020 | , 0030 .001
FS1211 . 147 .139 . 1434 . 004 . 005 . 001 . 005 .0070 |, 0060 . 00€
FS1212 . 146 . 139 . 1430 .003 . 006 . 001 . 006 . 0020 |,0030 . 004

Avg, .1464 | ,1393] ,1432 . 0039 .0055] ,0010 . 0053 .0035 |,0039 . 0051

Std,

Dexw, 4£,0017 £,0018 £,0012 +.0015 x,0009 -«- +,0019 %,0016 4, 0022 +,0028
Notes:
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Table XiX

Penetration Data
Zamak No. 3 Cones

Round No { Lb.CompB | Standoff Peffe"afw"- Max.Spread Std.Deviation
{in.) (inchesM.S) {in.) {ins)
A. DRB398 HWJ3 ltem 2 Cones (.120-in. Wall)
FS1183 2e:13 7.5 16,50
S1184 2,48 7.5 18,00
FS1185 2, 48 7.5 19,12
FS1186 2,48 7.5 14,94
FS1187 2., 50 7.5 17,69
Avg, 17,25% 4,18 11,59
F51188 2,48 15,0 22,18
¥51189 2.48 15,0 16.18
FS1190 2.50 15,0 19,88
51191 2,50 15,0 22.18
FS1192 2.48 15,0 16,62
Avg. 19,41 | 6.00 12.91
FS1193 2.46 22.5 20.00
FS51194 2,48 212755 20,50
FS51195 2,50 22.5 16,06
FS1196 2,48 22.5 14, 25
F$1197 2.48 22.5 14,25
Avg, 17,01 6,25 +3,05

B. DRB398 HW3 Item 3 Cones (.140-in. Wall)

FS51198 2,48 7.5 19,38
FS1199 2.48 7.5 17,69
FS51200 2,46 7.5 18,81
F51201 2,48 7.5 17,31
FS1202 2.48 7.5 18,88
Avg, 18,41 | 2.07 +.87
F51203 2,48 15,0 15,25
¥S51204 2.46 15.0 18,94
FS1205 2.48 15,0 2l. 12
FS1206 2.46 15.0 19,25
FS51297 2,48 15.0 18,12 :
Avg, Tg‘._S-l 5.87 t2.14
FS1208 2.48 22,5 19.12
FS1209 2.48 22.5 19,12
FS1210 2.48 22,5 19.18
FS1211 2.50 2.5 15,31
FS1212 2.48 22.5 19.38
Avg, 19,22 0.26 t.12
Notes:
1, Cones were assembled in DRC376 test bodies, plugs and No. 2 nose rings,
2. lLoaded at Ravenna Arsenal, BAT Lot No., 34 with Composition B trom Hclston Lot No, 4-1197]
3. All were tested against mild steel target at zero rps at Erie Ordnance Depot,
4, It is typical of thesc concs that no slug remained in the cavity, There was some evidence

of increased target damage beyond that normally noted with copper cones, Rd, FS1210 lifted
the stack of itargctpiateand lifted a steel plate covering a pit below the table, The target
plate then fc!l into the pit, This effect has not been experienced with other types of concs,
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Effect of Tee Configuration

The effect of interior tee design upon
penetration has been reported in several
earlier reports (Twenty-Sixth, Twenty~
Seventh, Twenty-Ninth, Thirtieth and
Thirty-Third), Additional experiments
in this prograrn have now been completed,
It was shown in the Thirtieth Progress
Report that the DRC314HW1] tee has only
a very slight detrimental effect upon pene -
tration, This tee has a large bore ex~
tending nearly tc the nose end of the tee,
This large bore reduces the weight of
the tee and moves the C, G, of the pro-
jectile rearward, In an effort to determine
the minimum length of , 875-inch diameter
counterbore required,two additional tees,
DRC314HWI18 and DRC314HWI19, have been
tested, They differ from DRC314HWI11 only
in the depth of counterbore, To obtain
a direct comparison between flanged cones

Nose Ring

DRC314 (Standard tee)
DRC314 HWIl (bore extends 6,56 inches from base of cone)
4,56 l
2,56 "

DRC314 HW18( " "
DRC314 HW19 ( " "

g o
ENTIAL

and pressed in, or snap ring cones, some
of both types are included in the present
experiments,

Drawn copper cones (DRB398-7)were
assembled in DRC376 test assemblies
using nose rings and various tees, Fig.
39 shcws the various tee modifications
studied, Figs, 35 and 36 shcw the flange
type cone (DRB398HW3 item 1) with noce
ring No, 2, and Fig, 12 of the Thirty-
Third Progress Report shows a typical
assembly of the pressed~in type of cone
(DRB398) with a No. 1 nose ring.

Inspection data for the DRB398-7 cones
are shown in Table XX and for DRB398HW3
item 1 cones in Table XXI, Penetration
data for the two series of cones are shown
in Tables XXII and XXIII, The following
tabulation summarizes the penetration
cf the various modifications,

JR(CH76

L B7E

m—— = -.50D
‘,EL____X‘ET\ AR o, [ *

DRE338 Dii?g?nSISHW3
20,490 21.12
16,10 17,36
20,19 19,36
" " " 0" 20,43 -
" " " " 19.97 e
~.875° ‘ruac’ P
_ ,2); — .%’-_
SN s L3

e m:.:?‘T

—~— 2 52

DRCA 4 rN/ IL\ Tae

) \%Léﬁjr

_l

450

DRC 314 HWi9Tea

Fig. 39. Various Tee Modifications.

For Penstration Studies.
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it is evident that the deep counterbore
of the DRC314HW11 tee is not necessary.
Although the counterbore of DRT314HW19,
which extends tc a distance of 2,56 inches
from the base, seems to offer some slight
resistance to penetration in this test it
should be noted that the penetration with
this tee is as great as has been obtained
using DRC314HWI11 tzes in several earlier
tests, (Ex. Thirtieth and Thirty-Third
Progress Reports). The changes in the
basic DRC314 tee required for the HWI19
modification are quite slight znd cause
only a small change in weight and C. G,

location. It is therefore recommended
that any projectiles made using a tee or
spike boom be so designed as to provide
a free space in frout of the cone at ieast
as large as that provided by the DRC314
HW19 tee. As described in the Supple-
ment tc the Thirty-Fifth Progress Report
there is some evidence that even the DRC
314HW1l tee causes a considerable re-~
duction in penetration on dynamic firings
against inclined plate. It would there-
fore be very desirable to provide as large
a free space as possible in new projectile
designs,

Table XX

inspecticn Data
DRB398-7 Cones

Cone wetll Thickness Max.Wall Thickness| Mox. Wall Concentricity 71,1 R*?
{inches) Variation(inch) Waviness {in.} Base Apex Spitback Tube
No. Mox. T Min, [ Avg. Tronsverse[!_ongifud. 0. D. l 1. D. Datum |Dotum in Assembly
Specification 5
DRB398&-7 ,105 ,100 cewso. ,002 . 006 . 006 . 006 .0030 ,0030 . 015 (Nominal)
pions____ o — — e
R443 S04} 1017 [ 1021 | Jooz [ .o01 . 001 .00l .0010| .6020 .010
R444 .103]1,.101 . 1020 . 002 . 001 . 001 . 002 .00201! ,0030 . 008
R445 .100].099 . 0998 . 001 . 001 . 001 . 002 .0020| .0020 . 006
R446 .102].099 . 1011 .003 . 003 . 001 . 002 .0020] .0030 .014
R447 .102].100 .1013 . 002 .002 . 001 .001 .0030} .0020 .011
R448 .1041,103 .1033 .001 . 001 . 002 . 002 .0030} ,0040 .016
R449 .105(,104 . 1046 . 001 .001 . 002 . 002 .0020{ .0030 . 005
R450 .1001.098 . 0993 . 002 .002 . 002 . 002 .0030| ,0020 .003
R451 .100|,098 .0993 . 002 .002 . 001 . 001 .0020( , 0050 . 006
R452 .1051.103 . 1041 . 002 . 001 . 601 .0C2 .0030} .0030 . 0064
R453 »1011,099-1 .1001 . 001 .001 .001 . 001 . 0020 .C020 . 007
R454 .105§. fua . 1048 . 001 . 001 . 001 . 001 .00301 .0020 . 002
R455 .1011,099 . 1001 . 001 . 001 . 001 . 002 .0010( ,0020 . 009
R456 . 099,097 . 0978 . 001 . 001 . 001 .002 .0010} ,0020 .01%
R457 .1021,100 . 1008 . 002 . 902 . 002 . 002 . 00201 ,0020 . 007
R458 .105).103 . 1043 . 002 .001 . 002 .002 .0040]| ,0050 . 006
R459 .100),097 . 0980 .003 003 . 002 . 002 .0020| , 0020 . 005
R460 .101[.100 .1003 .001 . 001 .001 . 001 .9020| . 0030 .009
R461 .1031,102 . 1026 . 001 . 001 . 021 . 001 .0020| , 0030 .017
R462 .1021.100 . 1008 .002 . 002 . 001 . 001 .0G10| ,3010 . 002
R463 .107(.105 . 1959 .001 . 001 .012 . 0901 .0020| .0020 .06
R464 .100|.099 . 0999 . 001 . 001 .002 . 001 . 0020 . 0030 .012
R465 .102].101 . 1012 ,001 . 001 . 002 . 001 . 0020 ,0020 .008
R466 .101].099 . 1003 . 002 . 002 . 001 . 002 .0010| , 0050 .003
R467 .103(,.102 . 1024 . 001 . 001 . 002 .002 . 0020} ,0030 . 007
Avg, .1023 ,1003 .1014 .0016 .0014 .0014 .0016 .0021] ,0027 .0083
Std,
Dev, +,0020 +,0022 +,0021 +.0007 +.0005 +.0005 +.0005 +.0007 +,0011 +.0044
Notes:
1. The lower datum is , 484 inch abuve base; the upper datum is 3,202 inches above base,
2. The indicated measurement at each datum is the total indicator runout of the lincr's
outside surface relative 1o the register diameter, The diftcrence between the runout
at the twc datum piines .s an indication of the lack of perpendicularity of the register
plane and the tiner's ax::,
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Table XXi
Inspection Data

DRB398 HW3 item 1 Cones

1. The lower datum is , 484 inch above base; the upper datum is 3,202 inches above base.

2. The indicated measurcment at each datem is the total indicator runout of the liner's outside
diameter, The dif{erence between the runout at the two datum
slanes is an indication of the lack of perpendicularity between the register plane and the liner's

surface relative to the register

Cane Wall Thickness Mox Woll Thickness | Mox Wall Concentricity T I R._‘"
Na ,}mches e Xnﬂﬁﬂ?ﬂ.ﬂn&%%% Bose -I Apex | Cane Tip in
3 Mox. Min. | Avg. Transv. | Longit - 0. 3 Datum |Datum Assembiy |
Specification
DRB398 ,105 . 100 aew .002 . 006 . 006 . 006 .0030 ,0030 .OIS(Numinal)
HW3 ltem 1
__conel. —_ I T - — . Aeen — S it L _— e )
R1- T 0997 .098 | .0983] o001 .uol .063 [ .00z T .o00Zo[.0020 | .o005
R2 .01 . 100 .1003 . 001 . 001 .003 .003 .0030|,0010 . 006
R3 .i03 | 102 .1021 . 001 . 001 .003 . 0013 . 0020 | .0030 . 004
R4 .098 . 100 . 0995 .002 .002 . 003 003 . 0020 ,0020 . 005
RS 101 . 100 . 1006 . 001 .001 . 004 . 003 .0030  ,0020 .004
R6 . 100 . 100 .1000 [ <, 001 <, 001 .003 .003 .0020),0910 .003
R7 .101 . 100 .1008 . 001 .01 . 004 .003 . 0030 | ,0030 . 007
R8 .100 . 100 . 1000 } <, GC1 <,001 .003 . 002 .0020 ) ,0010 003
R9 .102 . 102 .1029 .001 +001 PR LR . 003 .0020]|.,0030 . 004
R10 . 104 SN 1031 . 0C) . 001 . 003 .003 .0030].0030 .003
R1t J04S LOu7 5279 . 002 .001 .003 .003 . 0010 | ,0020 . 006
R12 .100 .09% . 099% . 003 .001 . 002 .002 .0020|,0030 .005
R12 102 . 099 .1003 . 002 .oeC3 . 003 .003 .0020] .0020 .003
R14 .103 .102 .1028 L 001 . 001 . 003 003 .0020| .C030 .003
R1S ,103 . 102 .1028 . 001 .001 .003 .003 .0010! ,0020 . 006
Average ,10111 1003 .1008 .0010 .0010 . 0031 . 0028 .0021] ,.0022 0045
Std,
Dev. +,0016 4,0017 +,0016  ~-- <=~ 4,0005 +,0005 +.0007¢,0008 +.0011
Notes:

Table XXIii

Penrstration Data
DRB398-7 Cones

Raundj r Comg H Penetratian |Mox. Spread| Standard Deviatian
ype Tee : ;
No (Ibs) {inches MS) {inches) {inches)
R443 No. | Nose Ring | 2,58 20.81
R444 " " " 2,56 20,12 .
R445 " " e 2.58 21,12
R446 8 o S 2.58 20.06
R447 & o " 2.56 19.94
Avg., 20,40 1.18 1.53
Ri48 DRC314 2.60 17,31
R449 i 2,60 17,462
R450 " 2.58 15.81
R451 " 2.60 16,38
R452 " 2.60 13.38
Avg. 16,10 4,24 £1.68
R453 DRC31411WI11 2.t 19.25
R454 . 2.60 21,81
R455 " 2,60 19,31
R4%6 i 2.60 19.69
R457 & 2.60 20,88
Avg. 20,18 2.56 1,12
R458 DRC314HW 18 2.60 19,12
R459 " 2.58 (12,06}
R460 o 2,58 20,50
R461 " 2.60 21.62
R462 " 2.60 20,38
Avg, 20.41 2.50 +1.03
R463 DRC3I14HW19 2,60 22,31
R464 " 2.60 2E. 16
R465 = 2.6C 26.18
R466 B 2.60 18,50
R467 . 2,62 17.69
Avg, 19,97 4,62 +1.89
Notes:
1. Rounds were assembled in DRC376 test bodies, plugs and indicaled tees and ringe,
2. l.oaded at Ravenna Arsenal, BAT Lot No, 33 with Composition B from Holston Lot No, 4-1197,
3, Tested at Eric Ordnance Depot at a standoff of 7,5 inches aud at 0 rps,
4, Jet went through side of tee, Not includsd in average.
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Tabie XXl

Penetration Data
DRB398 HW3 Item 1 Cones

Round Tee Comp. B | Penetration Max. Spread | Std Deviation
No. (Ibs.) | (inches M. S) (inches) tinches)
nl No. 2 Nose Ring| 2,46 21,69
R2 LU 2.46 22,62
R3 x 2.46 21,94
R4 " 2.48 22,81
RS i 2,46 ZAI5S
Avg, 21,12 1,25 +.56
R6 DRC314 2.48 16,62
R7 2 2. 50 17,81
RS e 2,50 18.12
R9 i 2.50 16,56
R10 W 2,48 17,69
Avg, 17.36 1.56 +.72
R11 DRC314HW11 2,54 16,56
R12 ° 2.48 17.88
R13 (3 2.50 21,00
R14 o 2,48 18,18
R15 ! 2.48 20,18
Avg. 19,36 312 +1,32
Notes:
1. Rounds wcre assembled in DRC376 teat bodies and plugas. Nose ring and tees
were as indicated.
2, Rounds were loaded at Ravenna Arsenal, BAT Lot No,33 with Co:mnpositicn B
from Holston Lot No, 4-1197,
3, All rounds were tested at Erie Ordnance Depot at a standoff of 7,5 inches and
at O rps,

Praoduction Control
M344 (T119E11) Projectiles

Ten M344 (T119EL) prototype projectiles
were withdrawn from production and pre-
pared for static penetration tests by re-
placing the fin and chamber assembly with
a DRB86! base plug, Fig, 40 shows the
assembly as tested. These assemblies
contained DRB398-9 cones, Fig, 41, which

included all latest modifications to the
cone, The rounds were fired without ro-
tation against mild steel target at a stand -
off 1/8 in, longer than that provided by the
ogive and cap (9.35 in. from cone base
to target), The penetration data are shown
in Table XXIV, The average penetration
of 20,56 in, indicates normal performance
for this cone at the indicated standoff
distance,
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Static Penetration Round.
T119 Projectile Type.

Fig. 40.
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Table XXIV

Penetration Data
M344 (T119£11) Production Control

Roun Lb.Comp B Penetration Sh,‘;ggd Std. Dev, | COncentricity T.LL.R]
No. (inchesM.S) D) (in.) [Cone Apex [Ogive Tip

X777 2. 88 21,56 . 002 . 007

X778 2,88 20,00 . 004 . 025

X779 2.90 20,50 . 005 . 007

X780 2.90 18,62 . 005 .013

X781 2,88 20,06 . 005 . 008

X782 2,88 26,44 . 005 .003

X783 2.88 21,81 .010 .013

X784 2,88 20,38 .003 011

X785 2.90 21,06 . 006 . 008

X786 2,88 21,12 . 007 .016

Avg. 20.56 3.19 £0.91

Notes:

1. Rounds consist of DKB861 base plugs, DRC497 bodies, DRC 342 ogives,
DRA699 caps and DRE398-9 copper cones.

2 Loaded at Ravenna Arsenal, BAT Lot No, 33 with Composition B from
Holston Lot No, 4-1197,

3. Tested against mild steel target plate at Erie Ordnance Depot using a
standoff distance of 1/8!" from the nose cap to target (9,35 inches from
cone base to target) 0 rps.
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future Program

1. Cones rnade of Zamak & and alumi-
num are to be tested for penctration be-
havior., Penetrations approaching those of
copper cones have bcen obtained for cer-
tain aluminuin and zinc alloys.

2. Composite Cone Study

A series of tests of bimetal cones with
aluminrum liners and copper shells are
being manufactured for testing,.

a, ,080-inch thick copper shell and
. 020 and , 040-inch aluminum insert (24S-
Ta).

b, .100-inch thick copper shell and
. 020 ard , 040-inch aluminum insert {24S-
T4),

c. Same as (a) and (b) but using 25-F
aluminum instead of 245-T4.

d. Same as (b) but using two stamped
2S inserts in each cone.

e. Same as (b) except aluminum is
sprayed (metalized) into inside of cone
and then machined to final dimensions.

n2

3. Evaluation of Cones made by
"Spinning't,

Forty~two copper cones manufactured
by a spinning process will be tested for
penetration behavior and compared with
cones made by other methods, These cones
are P83580Al cones designed for use in the
90mm T108E40 projectile,

4., Evaluation of Cones Made by
Electroforming

A series of DRB68I1 copper cones made
by an electroforming method are being
manufactured for comparison with ma-
chined cones,

5.Effect of TII9Ell Body Length
Upon Penetration

A new TI19 type projectile with a short
body is being manufactured for test., The
penetration performance of this projectile
is to be compared with the T119Ell and
the standard penetration assembly.
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FUZES

T267E14 Type Base Element

The last reported test firing of the
TZ67E14 fuze (Thirty-Sixth Progress Re~
port, page 38) was satisfactory for super-
quick function but unsatisfactory for de-
lay function, A modification was shown
which improved the functioning of the de-
lay explosive train in air gun tests (Fig.
33, Thirty-Sixth Progress Report).

Ten fuzes with this modification were
prepared and fired at Erie Ordnance De-
pot. All ten fuzes were set delay. A
4-inch wood screen at 200 yards was the
target. Eight fuzes functioned satis-
factorily, It was discovered later that the
tetryi pellet had been omitted from one
base element and it is presumed that this
accounts for one of the two fuze failures,
The firing record is given in Tabie XXV,

Air gun tests were conducted on the
inertia portion of the T267El4 fuze. Fig,
42 shows the g's required to function the
inertia element for four different impact
media. The dense material stops the
projectile so quickly that deceleration
is completed before the inertia element
has completed its action, Therefore,
the inertia element must have sufficient
kinetic energy, when deceleration ceases,

Future

1., Fire T267E14 base elements for
graze functioning at Aberdeen Proving
Ground,

to complete its travel. In the lighter media
the deceleration lasts longer and impulse
tirne is suificient to cause functioning,
Since graze impact falls into this latter
class it appears that graze functioning
of the T267E14 will occur with approxi-
mately 200 g's deceleration providing
the deceleration time is sufficiently long.

T223E2 Fuze

Fourteen T223E2 fuzes {Twenty-Fifth,
Twenty-Sixth, Twenty-Eighth and Thirty-
Second Progress Reports) were tested at
Erie Ordnance Depot. The firing record
appears in Table XXVI, Seven each of
two types, varying only in the position
of the center of gravity of the rotor, and
therefore in arming time, were tested,
Four of the fourteen functioned,

Because of consistently poor results,
difficulties in assembly, and the present
lack of interest in the T138E57 projectile,
no further development of this fuze is
planned,

Time Fuze

Pilot models of the Firestone time
fuze (Fig. 14, Thirty-Third Progress
Report) are currently being fabricated,

Program

53

2. Manufacture and test 100 T267 fuzes
incorporating crystal shorting swiiches,
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MANUFACTURING SUMMARY

In addition to the experimental material
prepared for the research and develop-
ment work under contracts DA-33-019-
ORD-32 and DA-33-019-ORD-:202, de-
scribed in preceding progrcss reports
and in the preceding pages of this re-
port, the following have been manufactured
and shipped to the installations indicated.

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

I. Cartridges, TII9Eil, Metal Parts Assembly, w/o Fuze T208E7

Prior to August 1, 1953

August 10, 1953
August 20, 1953

August 24, 1953

Total
II. KRifles, T170Ei for ONTOS

Prior te July 1, 1953
July 24, 1953

Aug,. 10, 1§53

7695

125 {Live)
(For Testing T278 Fuze)
120 (Inert)
{(For Canadian Army Staff)
50 (Inert)
(For Charge Dezvelopment)

oo

All Shipments
Picatinny Arsenal

Picatinny Arsenal

Aberdeen Proving Ground

7980

Aberdeen ¥roving Ground
1" " "

" 1" "

III, Mounts, T172 and T26 Tripod for ONTOS

Prior to Aug. 1, 1953
Aug, 4, 1953

Allis Chalmer:.

1 1"

IV. BAT Systems less Jeep, TIT0El (M40) Rifle,

T149E3 (M79) Mounts
Prior to July 1, 1953
*  July 13, 1953

July 13, 1953

July 31, 1453

*% Aug, 12, 1953

* For firing effort (pistol grip) tests,

— ) = = N

Aberdeen Proving Ground
Firestone
Aberdeen Proving Ground
Aberdeen Proving Ground
Firestone

*¥%¥ For ammunition tests at Erie Ordnance Depot.

In addition to the above 2 T170Elrifles were sent to Aberdeen Proving Ground
on Avgust 8, 1952 for Ammunition Acceptance Tests,

5y
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Nuinber
of
Copies NUMBERS INSTALLATION

Office, Chief of Ordnc nce

1 1 ORDTS
2 23 ORDTA
1 4 -ORDTQ
1 5 ORDTB
1 6 ORDGU-SE
a 1 7 CRDTU
* 1 8 ORDIM
Arsenals
10 9-18 incl. Frankford
2 19-20 Ficatinny
1 21 Springheld Arn‘ory
r 2 22-23 Redstone
Ordnance Distr :ts
13 24 Cleveland
’ Aberdeen Proving 5round
2 25-26 Ballistics Research Labo_:iv. -
1 27 Development and Proof Services
Contractors
2 28-29 Frigidaire Div. Gen. Motors Corp.
& 1 30 Winchester Repeating Armc Co.
1 31 Tomington Arms Co.
1 32 National Forge & Ordnance Co.
2 33-34 Midwest Rescarch Institute
2 35-36 Armour Research Foundation
1 37 Carnegie lnstiture of Technology
3 1 38 Arthur D. Little Co.
1 39 The Budd Cempany
1 40 Franklin Insticute
1 41 Chamberlain Corporation
U. S. Navy
} 1 42 Buicau of Navy Ordnance
43-44 Naval Ordnance Laboratory,
White Oak
2 45-46 Naval Ordnance Test Station,
Inyokern
1 47 Naval Proving Ground, Dahlgren
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