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REPORT & THE EFFLCT OF YAW OR ARMOR FRENETRATION
AND O GUN TEIPERATURE ON YAV

Project KST 101 - Determinution of the Effect of
the Pltch of Rifling on Cualliber ,50
liachine Gun,

Abstract

Section I - Effect of Yaw on .rmor Pengtration

Pirings were carried ocut in culiber .50 barrols of various twists
of riflinr in ¢n effort to determine the ontiran ouns but with no con-
clusive result, Tho armor penetration wus detomained as a fuaction
of tha v ot it g Toond that the offaant of wow wis nenlisitlec on
ponetration as compared with its effect on accuracy at long rancoes,

Section II - Effoct of Gun Touneraturse on Yuw

It was found that a relatively largo wercentuge of rounds fired
in a hot gun with caliver .50 11 Ball and A.2, boat-tail dullets
have avpreciable ;yows wneroas the i Yracer rlat-vase bulledt and
gsevoral modificutions of tnig Lullet piveo mucn srullor yaws,
Rocomiendations are m.de for additionsl teats with modifioed bullets
and a gun having e modified throat coatour vofore any additionul
worZ is done on the deternination of the optirmm twist of rifling,

In an attempt to i‘mprove the perfornance of the
ci.liber .50 lschine gun and ammunitinon, & ctudy was begun
of the efrect of chunging the pltch cf »ifling fronm the
ctandard of one turn in 15 inches, The beet pilteh of
riflinr vas to be determined for i1 wmmimition losded to
2500 T/a instrunental veloclty vhere the eriterion for
best pitch of rirfling wwe to be the penetration of armor
plate at H0 yurds, After the best piteh was determined
for the il bullet at 2500 /s both the L1 wnd TeEl TWullets
were to be fired at veloclities of 2600 /s, 2700 f/s ana
3000 f/s. Fron these firings, the mnost cutisfactory
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combination of pitch, bullet and velocity was to be fired
for accuracy life in comparison with M1 amnunition,

A resume of the preliminury enults vas made in the
end Indorsement to 0,0, 471,!!'/U370, A,P,.G, W71.h/256-2,
Three ﬁitchns of rifling (1 in 13-1/2", 1 in 1Lv, and
1 in 14-12/2") had been used in the firing but there was
no disference in the penetration obtailned, In view of
this inconclusiveness, the program of firings was amended,

The amendments in the program were made in order to
obtain the folloving information which was thought necessary
for a vell-founded Judgeent concerning the best corbination
of piteh of rifling, muzzle velocity and bullet:

(1) The armor penetration as a function of the yaw
and velocity.

(2) The yaw and velocity of the bullet as a function
of the range, of the pilteh of rifling and of the number of
rounds fired,

Since the gun is often fired vhen hot, information ic
aleo desired of the effect of firing fronm a hot pun, This
may be obtalned by heuting a gun electrically and maintain-
ing a certain temperature vhile firing,

Section I - Effect of Yaw on Arnmor Penetration

Celiber .50 Armor Penetration Firing

Four barrels were used vith twiste varying fron one
turn in 15" to one turn in 12", at intervale of one inch,
The bullets used were caliber ,50 M1 A,P, and T2El, The
velocities at vhich the firings were carried out were
approximately 2000, 2500 and 3000 f/s., The plate fired
against war Cluaes B, either 3" or 1" thicknese,

In order to determine the effect of yaw on the pene-
tration, yaw cards were placed at a distance of about one
foot in front of the plate; Lt is assumcd that the nutational
yaw is damped out at a range of 50 or 100 yards and that the
yavw is due to nrecession alone, If this is trues, then one
card, placed 12" in front ol the plete, is sufficient for
the measurement of the yaw, Velnelties were measured in
the usual vay by the Aberdeen Chronograph, The penetration
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in the armor plate was obtained by a special gauge which
measurecd the slant penetration and the angle of the hole
from the normal,

As the yaws obtailned by firing the normal M1 and T2El
bullets were negligible, several rounds were fired with
nicked bullets, HNicking consists of filing or cutting
eway & small scction, weirhing from 5 to 15 graine, from
the Jacket of the bullet, thus making the bullet eccentric
and imparting to it a large yaw,

Data and Results:

Table I at the end of this report givesa complete
record of the measurements taken, The mezsured penetration
1s that obtained by meane of the gauge snd is taken along
the axie of the hole, The correc ed penetration is derived
by mnltivlying this measured nenetration bty the cosine of
the angle between the normel and the axis of the hole,

The yawe are those ohtained from the cards pieced in front
of tre plate,

In order to be atle to compare the relatlve efficiencies
of the two bullets fired at varlous velocities witii differ-
ent twiste of rifling, the deiiarre Coefricient (K) was
computed for each round, Table II gives the mean X for
CR/CII COLIDANATLON YhiGi wise gao 1o negile luic el Ve ai-
dividusl K etc, when the yaw is significant,

An examination of this tzble rehows conclusively that
the penetration at 100 yards is independent of the twist
of rifling. As between the two types of bullets, it is
algo obvious that the Ml AP, in better than the T2E1,

Effect of Veloclty on Penetration

Ags estated previously, the firings vere carrlied out
at three different velocities, 20090 1“/s, 2500 /s, and
3000 f/6. The deilurre Coefficlents ure significently
igher for the rounds fired at 3000 f/s than for those
fired at 2500 f/s, Since the yaws and the differences in
veloeity from round to round are negligible, 1t would be
interesting to uonpare the actual penetrations obtained st

pnnh "01 Cclt:,' f"“ qu t 'O Lu l\ vn.
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Table IYI - lean Penetrations and dellarre Coefficlents

Muzzle M1 AP, T2EL
Velocity/3ullet — Penetre- K Penetra- K
tion tion
4 — —— .
2000 f/s 1,1k .92 .ou 1,07
2500 1.53 91 1.35 1.02
3000 ) 1.61 1,09 1,43 1.19

While the penetrations are somevhat greater at a
muzzle velocity of 3000 f/a than at 2500 f/s, the increase
is not as great as would bhe expected, However, 1t is not
important that the penetrative power be an optimum at
this velocity since, under service conditions, the striking
velocity is congiderably lower thun the muzzle veloclty,

Penetretion vs Yaw

As stated previoucly, 1n order to get significantly
large yaws, recort hiad to be made to nicking, In thle way
ebnornal yews varying videly Iroil rouna 10 rounda Gepenac ihg
protably upon the nature of the nicking, wvere obtalned,
The dellarre Coefflclents werc computed for these rounds

- and are shown plotted aguinst the yaw on Plots No's 1 and

2, It isg evident from these plots that the deliarre
Coefficient increases with the angle of yaw, as vwas expected,

- However, the rate of Sncrease of the deliarre as & function

of the yaw i¢ hot the same for the three velocities., This
rate was conputed by the nethed of lewet scuares for the
two bullets at & velocity of 2500 £/s end found to be about
02, 1.e,, the dellarre Coefficient at any yaw is eoral to
the value at 0° yaw plue ,02 timesthe angle of yaw in
degrees,

The equations for the two bullets are

Kl AP, ¢ X .91 + ,0218

T2El : K=1,02 + ,C196.%

* In obtaining this equation the point corresponding to a yaw of 30
was not considored because of its variation from the other deter-
minations,

= S
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wvhere K is the dellerre Coefficient «nd 6 is the angle of yaw
in degrees. An increuse in K of ,02 for each degree of yavw

is not, important, cince the bullet would be apt to miss its

target completely at a yaw great enough tc decrcace signifi-
cently its penetration,

Obligue Impact

Several rounds were fired at oblique irpact (30° from
normsl) with 0° yaw and also with nicked bullets giving
larger yaws., With the same bullet, the penetration is, of
course, greatest when the trajectory of the builet is
normal to the plate., A formula has been derived for the
computation of the dellarre when the angle of penetration
1s not normal to the plate:

K = Ko[l + A(sec. 0 - 1)]

wvhere K ie the celarre &t normal impuact, @ is the
angle of irpgct rneasured from the normai and 2 is an
exnerimental constunt, A vap connuted for the tvo bullets

and found to be

M1 AP, -2,20
T2nl ~1,87

From this, 3t 1s seen the N1 A.7, bulletv iLs better than
the TZ2E1l at obligue irpact as well «s at nornal,

The deifr.rre Coefflicients for the T2E1l nicked tullets
fired at 30¢ penetration are very nuch preeter than those
for the VN1 1.,P, nicked bullets, ac may be seen from Plots
Nos, 1 an¢ 2, This bears out the suneriority of the il AP,
bullet.

Diecussion of delierre Coefficient

Reference hac been nade throughout this report to the
delarre Coefficient, Strictly coevaking the coefficient
computed and used 1s not the dei‘arrc Coefricient but -
function protably proportional to it, The dei.arre Coeffi-
cient (K) ic defined for the culiber ,50 bullet by the
following equation:

Kg = 2_4_£“L
6153\ £2

vhere B, L, is the Bullistic Limit and t is the thicknesec
of plete penetrated, In thege tests, hovever, the plate

...5-




wae of 3" thickness so that it was never completely pene-
trated; t was taken ss the actual distance penetrated
corrected for the angle of penetration by multiplying by

the cosine of the angle that the hole in the plate makes
with the normal, The result of measuring the thickness in
this way 1s that the deilarre Coefficlients obtained are some-
viut higher than they woula be if ¢ represented complete
penetration,

For some of the firing with nicked bullets, the plate
was placed at a distance of 50 yards in front of the muzzle,
For the firing withh nicked bullets at oblique penetrations,
a 1" plate was substituted for the 3¢ plate, These changes
thould not have any slgnificant effect on the results,

Sunmary of Results: Culiber ,50 Plste Firings

From the celiber ,50 armor plate firing data, no
glgnificant dirfferences ure discernible between the various
twists of rifling used.

The M1 A,P, bullet is decidedly superior to the T2El,

Although the penetration is slurhtly better at 3000 f/s
velocity than at 2500 f/e, the difference 1s not nearly as
great a8 woulu e exDeECLeQ 1oL Wl @ priol'l Cuisilderavion OF
the 20% increase in velocity. However, the rounds fired at
3000 f/s nvzzle velocity will have greater penetrative power
at long ranges than rounds fired at lowver veloclitics,

The deilarre Coefficlient is found to be epproxinutely
& linear function of the yaw, and may be expressed by the
equation

K=K + .02 8,

vhere K_ is the dellarre at 0° and § 1s the yaw in dcgrees,
the vel8city being 2500 f/s. The yaw therefore, will be
too great to adrmlt accurate shooting before it will have
an appreciuable effect on the penetration,

Caliber ,30 Arnmor Penetratlion Firings

To determine the effect of yaw on penetration of face-
hardened plate, the caliber ,30 111922 A,P. bullet was fired
againct 1/B" plate, Large yaws vere obtained either by
firing from un old narred barrel or by nicking the bullets,
In this geries of firing the velocitles and yawg vere
measured as in the caliber ,50 firing, but the penetrations
obtalned were indicated only as elther complete or partial
since the depth could hardly be obtalned on thie type of
plate,
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The data ohtalned from these firings are given in
Table IV at the end of this report; the striking veloclties
and the yavwvs arc included in this table., In order to present
the data more clearly, Plots Nog, 3 and U were dravn up
ghowlng the Kinetlic Erergles againsgt the yaws «nd also
distingulshing between complete ond partial penetrations,
From a study of the plots it is evident that the greater
the Kinetic Knergy of the bullet, the better is the chance
of complete penetration; however, this 1s a trulem vhich
does not need these firings for confirmation, As far as the
effect of yuw 1is concerned, the results are not conclusive;
on the whole, & bullet with a oronounced yaw is not as
effective as one without any yaw bhut 1t 1s not posrsible to
develop an empirical relation between yaw und Bz2llistic
Limit from these firings,

Section II - Effect of Temvnerature of Gun on Yawh*

To obtalin date with respect to the efiect of the
temperature of a gun on the yaw of a bullet, one oi ihe
caliber .50 barrels having a twist of rifling of cne turn
in 12" was heated elertrically to a temperature of 300° C
at the middle and 170° C &t the breech, Four types of
bullets wer:2 fired: the Service !l Ball wnd three mnodl-
ficatlions of the M1 A,P, bullet &as shown on the attached
Drawings Nos, 2476~A, =B and -C; the contour of the X1 Eall
is similar to that of the 1 A P, and the velphtsare equeal,
The M1 Ball bullet and the 247o-C bullet (3 wide cunne-
lureg) were fired at 2900 f/s &nd 2500 /s vhereas the
other modiried bullets were fired only &t 2500 /e, The
firinge vere carrlied out vwith the gun heated and with the
gun at room temperature, For the firet 39 rounds, 6 yaw
carde were pluced at f) foot intervals from 10' in front of
the muzzle to 35'; for the remaining rounds either two or
three cards vere used, The yaws and the orlentations wevre
measured on all rounds and are given in Table V at the
end of this report,

* The idea of firing from a hot (un aroze Zrom a statement by l¥, Coudon
of the Small Arms Section to tne offoct .that expcrience had ahmm

tnat & now Caliver 30 .achine Gun fired erraticully after o opurst

of 500 rds, but, vhon cooled to normal ltemporature, the same gun
regainod its accuracy.
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Two Oricntation vs Range Charts (Nos. 5 wnd 6) were
drawa up ror Rds, 1 and 6, N1 B«ll fired in & hot gun at
2500 f/s and 2900 £/s resvectively. The observed slopes (@!)
were feund tc¢ be 0857 and ,067m; the theoretical elope
culculnted fron the Moments of Inertia and the twist of
rifling is 050w, This agreement tetween the observed and
conputed slopes is proof that the bullet does not slip in
the bore,

An examination of Tuble V reveals come rather eurprising
results, The first round fired in this test (the gun had pre-
viouely been proof-fired about five rounds) pauve, with M1 Eall
Ammunition at service velocity, a maxinmum yaw of 23°,% Of the
first 10 rounds, of whicn five were Iired at service velocity
and five at 2900 f£/s, 5 rounds hud yaws greater than 5°,

The percent of yaws greater than 5° obtulned during the
entire test were plotted ageinst the round number on Plot lo, 7.

Plot No, 7 shows qulte clearly that the curve renresent-
ing tre yuws preater than 5° gpuinst the round number is of
a U~-chape with « very steep negative slope for the carly
rounds and & gradual positive slope for the later rounds,

The word gradual is used anly in a conparative eense becuause
the increage in yaw for rounds fired can hLarédly be culled
gradual vhen 9 out of 12 rounds fired rave yave greazter than
10¢ 4n o pun fired leee then 160 rounde, vhich wetually is
the case for the L1 firing &t 2you /s in & notv gun, ror the
M1 projectile fired at 24,00 /s, &ll of the five rounde have

yaws greater than 10° at about 1200 rounds vhen fired
hot gun. The undercut bullet 2476-C is more accurate
none of the rounds had a yaw as great as 10° although

in a
eince
% out
the

of 10 rounds had yavis greater than §°, Plot #6 chovs
results obtalned vilth the undercut bBell bullets, The errutic
results ovtained in the firing of the firat few rounds vere
probably caused by the rough ftinich of the bore due to 1ts
newness,

After the firings in the 1 in 12" gun were completed,
a sinmilar tect vas run in & gun having a twist of 1 in
14-1/2%, Ten rounde of 1l Bill vere fired in & hot gun
at 2500 f/s for yaw, 10 rounds at 2900 f/e und 200 rounds
in a hot gun at 2500 f/e without yaw cards, This scquence
of firing vas repeated five tines with the udditional firing
of peveral rounde of lil Tracer and ilindified M1 Tracer
(2601-C) at esch velocity. The percentage of rounds having
yaws preater than 5° vere plotted aguinst the round number
on Plot No, 9, There does not appear to be & grest deal
of difference between the two gung when firing il ball

* It should be uoted that tho yaws wero mweasured during the firal two
of throe periods of yaw; at a ran;o of 100 yards or mere tio ove

w1l bo coasiderably damood out and theoir efroct cn penotration vill
surely be negligible, provided tho accuracy of tha woapon ig sufficient
to enable the bullat to hit tho turget.
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Ammunition; nelther gives satiefactory results, Of the
tracer bullets fired, only one round of 18 fired hed a yaw
greater than 5°, The tracer bullet differs from the 1l Ball
in that it has no boat-tull and therefore has & much larger
bearing surface,

In view of the very promising results obtained with the
Trucer Bullet a more thorough test vias made, firing twveaty
rounds of each of 5 types of bullets, all from & hot gun at
2900 r/e velocity, The per cent of rounds having yaws
greater than 5° ere given in the tabulation below:

Bullet % of Rds, Having
Yawsg ) Ko
Standard M1l Tracer 5
i 0 " led.F1l (20601-C) 10
" WM pod,#2 (2601-D) 0 _
Standard M1 Ball | 27.5 (18 rds.*)
" " " liod.#1 (2k76-A) 75

It is obvious, from en examination of these results,
that the flat buse bullet is cuperior, at least ag far as
initial yaw is conecerned, The advantage of the boat-tail
is hardly eigrnificant at veloclties above that of sound; the
decidcd superiority of the flat-tase bullet in accuracy
certuinly conpensates for the slight increase in eir re-
sistance of the bullet.

The K1 Tracer, liodif. #1 (2601-C), is cut dowa to ,500"
diameter at a point ,UO" from tie base, The cartridge case
ves crimped at this point, which results in the bullet
seating forvard by ,355", This 1s essentially the bullet
designed by Colonel Zornig (Drawing #B129,507) and rererred
to in the lst Ind, 0,0. 472,54/4631, 1t 641 not result in
any improvenent in accuracy over the Standard Tracer but in
an old gun, the lands of which have becn eroded at the
breech, inereaging the gcating might e desirable in order
to have the bullet in contact with the lands before firing
and thus be oriented properly, The over-all dimensions of
cartridge and bullet 1e increased, naking 1t imnossible to
fire this round in & present type belt-louded Cal, ,50

" Two rounds went through one hole; yaws could not be read.
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machine gun, However, a barrel with a modified throat
contour to give a eimiler effect of increcased original
bearing length vithout the use of & lox.er cartridge has
been recelved,

In order to test the Tracer bhullets for slippage, a
round of ecch type was fired from & 1 in 15" gun for yaw
and orientation, Plots Nos, 10-12 show the orientation vs
distance from the muzzle for the three bullets, A comparison
of the observed and computed values of ! is glven below:

P!
Computed {from moments of inertia) 072n
Observed -~ MI Tracer 071w
" "  HKod., No, 1 ,072n
H ¥ Mod, No,-2 073w

The close agreement btetveen obcerved and calculuted
valueg shows that the bullets gain full spin in the bore,
Since they have sneller initial yaws, they are undoubtedly
more accurate &t longer ranges than the Ball i1,

Conclusions

The large yave obtalined in the firing of the Czliber
.50 M1 bullet in a hot new gun, and the fact thut the gun
will elmost always be hot under scrvice conditions, make &
discontinuance of the test seem advisable, There 1ec no
apnarent reascn for choosing the best of a number of vpitches
of rifling from the point of view of accuracy life vhen a
new gun gives such poor results.

It appears that a better bullet should be developed
before an attempt ie made to dccide upon the pitch of
rifling or to reise the velocity., Some of the results
reported in this test ghould be sguggestive in thie connection,

In view of the small effect of yaw on armor penetration,
the yaw 1s important, only as one of the determinants of the
accuracy, since the bullet =11l b2 inaccurate due to its
yaw before 1t will decrease significantly in penetrative
power, It 1s not necessary, therefore, to measure yaw or
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armor penetration in deciding on the optimum pitch of
rifling; the accuracy life and drop in velocity with the
age of the gun are sufficient,

. @ \341.Wl,

« R, Lane
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K. H. Zq?qu, ¢/
Lt, Col,;"Ord, Dept,,
Chief Research Division
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P TABLE I
Bullet ¢ Cal, .50 Armor Picrcing, M1
Plate ¢ Navy Class "B", Thickness 3"
Range to Plate. 100 yards
Angle of Plate:; 90° (Normal)
Rd. No., Twist of OStriking Measured Penetration Anéle
Rifling Velocity Penetration (Hormal to of
(1lone axis  Plate) Yavw
of bullet) -
1 12" ey 1,6L 1.62 - 0°
2 oL27 1.61 1.59 0
? 2372 1.53 1.5%2 0
b 2390
5 ?37“ 1,54 1.57
6 13" 2h56 1.60 1.58
7 2Ly 1.6 1.63
8 ?395 1.19 1,46
9 2352 1.52 1,50 -
— 10 - 1.52 1,51
LSRN 11 0354 1,67 1.4
o 12 cﬁyu
13 2lox 1.62 1,51 -
t 14 1he zgch 1.56 1.52 0
15 1.?9 1,52 -
16 52 1,05 1,43 0
17 : 2371 . 1,5 1.51 0
18 o311 1.5g 1.09 0
oh 15" 210 1.55 1.55 -
25 Ebb -
26 L 1.58 1.57 0
e7 ?hop 1.?2 1.?2 0
28 2336 1,49 1,46 -
57 12t :
58 = 1 . 18 1 . 16
59 1866 1,10 1,09
60 1921
61 1936
51 13 1916
52 186“ 1.1 1,10 -
52 1,23 1.23
P 54 1990
ol 5 1955 1.24 1.21
5 1932 1.15 1,12
/2 :




TABLE I (CONT'D)

Bullet

Plate

Range to Plute
Angle of Plate

Cxl, .50 Armor Plercing, M1
Navy Clase "B", Thickness 3
100 yards

$0° (Normal)

Rd, No, Twist of Striking !eacured Penetration Angle
Rifling  Velocity Penetration (lopmel to of
(Along axis Plate) Yaw
of Bullet)
72 1w 1903 -
7 168 1,11 1,10
T4 - 1,16 1.C5
75 - 1,08 1,08
76 1933
17 1918 1,15 1.13
; 78 1934 1,18 1.17
el 15 1946 1.14 1,14
5 - 1,10 1,10
&5 1818 1,21 1,19
&7 194 1.19 1,19
) 3 2oL
' &9 2041
Bullet ¢ Cal, .50 Arnmor Plercing, i1, Nicked
90 15" 2032 1,25 1.18 3.7
91 2021 1.26 1,18 -
92 2018 l.21 1,15
g 1976 1,16 1.12 0]
9 2014 1,19 1,20 9.4
i 2017 1.15 1,07 8,1
9 19867 1.19 1,06 12,0
97 2000 1.19 1,14 -
9% est. 2000 1,12 1,04 9,4
Q " 1.5 1.50
100 y 1.17 1,15
101 " 1,23 1,18
102 " 1l.22 1.16
10 "
1ok " 1,22 1,17
10
10 " 1,14 1.11
107 " 1,12 1,12
108 " 1,15 1,14
| 126 est, 2500 1.66 1.62 -
| .
127 1.61 1.59
-~ -




) | TAELE I (CONT'D)
:
. Bullet ¢ Cul. .50 Armor Plercing, Ml
Plate ¢ Navy Class "B", Thicknese 3"
Runge to Plate i 100 yards
Angle of Plate : 90° (Normzl)
Rd, No., Twist of OStriking Ilieasured Penetrztion Angle
Rifling Velocity Penetration (MNormul to of
(Along axis Plate) Yaw
of Rullet)
7l 12" ?u11 1.32" 1,33 0
35 1 1. 1,35 -
26 2u? 1.21 1.50
37 auss 1,38 1,38
34 2u61 1.78 1.36
39 2l:05 1.37 1.34
4o 13" 1,31 1,71 0
b1 ?ﬁu 1.33 1.32 ~
uo nuul R 1,36
I3 238% 1.32 1.32
) i 2 30 1,74 1,24
) bs 2427 1.47 1.56
19 L4 2358 1,33 1,30 0
20 2367 1.30 1,29 0
21 2399 =
22 2397 -
23 2392 1.30 1.29 0
29 15" 2450 1.k2 1.k2 -
30 2hal 1,34 1,33- 0
31 2h32 1.ko 1.;5 0
! 22 - 1.3 1,43 -
53 2lig 1,38 1.38 -
62 12" 1944 -
6 19%8 0.96 0,21
6 1959
65 2020 0.95 0.9k
o 1551
46 13" 2027 0.95 0.95 =
47 1941 0.92 0.91
4s 1914 0,90 0,72
g 0,9t 0.93
50 1961
y
A . 3 -
)
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Bullet
Plate

Range to Plate
Angle of Plate

wc 02 ¢» @

TABLE I (CONT'D)

Cal. .50 Armor Piercing, N1

Navy Class "B",
100 yards

g0° (MNormal)

Thicknegs 3"

Rd., No, Twigt of Striking MNeasurecd Penetration Angle
Rifling Velocity Penetration (Normal to of
(Along axis Plste) Yaw
of Bullet)

67 14 193% 0.93" C.93" =
68 1896 0.93 0.92
69 1309
70 1968 1,12 1,09
71 - 0,88 0.57
79 15" 1952 0.96 0.96 -
&0 195k 0.96 0.95
81 1995 0.9% 0,93
&2 1957
83 1903

Bullet ¢ Cal, ,50 Armor Piercing, T2-El, Hicked
109 15"  est,2000 0,96 0.9k -
110 " 9,3
111 L] 0.92 0.58 8.0
112 " 0.92 0.54 10,5
11 " 0.90 0.0 13.4
11 J 0,90 0.76 16.6
119 - 0,59 0,54 6.7
11 n 0.92 0,85 5.9
117 " | 7.0
118 4 0.4 0.75 15,1
119 " 0.97 0.587 11.6
120 " 0.88 0.81 9.5
121 o 0,48 0,76 15.3%
122 . 15.7
123 L 0.9k 0,84 10.5
124 est, 2500 1.30 1l.21 10,0
125 s 1.19 1,14 Z,o
128 . 1.1g 1.08 A
129 . 1.1 1,06 13.?
130 " 1.25 1.17 6.4
131 " l.,22 1.03 9.9
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Bullet
Plate

Range to Plute

Angle of Plate

TABLE I (CONT'D)

¢ Cul., ,50 Armor Plercing, Ml
<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>