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Wattrter in ArsenIal Laborator' ._uR.eprt ,No. 'a 710/801" . >. " ,/// -i. ">;'i,
Problem No. B-3.5

ARMdOR---IRCRAF•'

Metallurgical Properties of

Several Uaminum and Magnesium Alloys• allistically Tested.
s i

at Normal and Subzero Temperatures

OBJECT

Te dotermine the physical and metallurgical properties
at both normal and subzero temperatures of two magnesium alloys
(30R and 52SR) and three aluminum alloys (75ST, 24ST and l4sw).

S~l-::,•2Y OF RESU'LTS

lThe magnesium alloys posseso a very low hardness as compared to
D r steel althoa,, they do have a donsity and consequently a

thichuess advantage on an equivalent weight basis. Tho Aoughnose as
measurcd by notched bars was exceedingly low. If tensile atrength is
multiplied by a factor of 4.4 (the density advantage) then these physical
properties are not remarkably different from that of hard homogeneous
zteel. In spite of this thicknzess advantage, the magnesium alloy plates
are penetrated in a brittle manner in the ballistic tests and as a
consequence are inferior to steel which is penetrated in a ductile
""manner up to very high hardnosses in an equivalent thickness range.

The aluzinuz alloys examined varied in both hardness and notched bar
ir,:pact strength. The 75ST exhibited the highest hardness and lowest
tc'*hnoss; 24ST was intermediate in both, and 14SW exhibited the lowest
hznr~heos but highest toughness. The above results are comparable to the
rcsults of the ballistic test since 75ST exhibited the highest resistance
to 7,onctration ad the poorest shock resistance whereas I4SW was just the
reverse. The infericrity of both magnesium and aluminum alloys is
*>sebably attributable to punching and/or spalling which were generally
encoantered in trese aluminum and magnesium alloy plates. It is considered

a basic investigation is worthwhile to evaluate and minimize this
weak-ness in anes...m and al=.ninum alloys.
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INTRODUCTION

In accordance with instructions from the Office, Chief of Ordnance
through the Ordnance Research Center, Aberdeen, a metallurgical examination
has been conducted on ten (10) light alloy armor samples selected from a
group rf plates previously subjected to ballistic tests at the Ordnance
Research Center, and an analysis nf the results are inclosed in this report.

The group of plates submitted are listed in Table I which follows:

TABLE I

Plates Submitted

Ballistic
Testing

Wtn. No.* JPG. No. Material Thickness Temperature

1 1 Downetal 52SIR 1½ Normal.

"2 5 52SR l½" Subzero

3 5 3SR 3/4" Subzero

4 3 3SR 3/4?? Normal

5 5 Aluminum 75ST 1½ Subzero

6 3 " 75ST 1½" Normal

7 3 " 24ST 1P" Normal

9 " 24ST l2" Subzero

9 2 14sW 11 Normal

10 5 " 1l5W l" Subzero

*To prevent confusion Wtn. ntubers will be used in the description of l1
results in this report.

The ballistic tests wer• reported by the Ordnance Reserch Center in
: or Test Report No. A--98g in which it was concluded that:

1. Letter file APG. 470.5/1194 - Wtn. 4 70.5/9653(r) received 27 Feb. 1945
nd LG-. 470.5/980 - Wtn. 470.5/115(r) dated 6 December 1944. See

ApD" endix A.

2. Tabulation of ballistic test results are listed in Incl. 1 of
corruspcndence in Appendix •.

-2-



fjicPHOMIC AT .0VF A NMEN~~N

1. "The aluminum alloy plates wVre, ia general,
aiiglitly superior to homogeneous steel armor (according to
Spoc. ANOS-1) on an equivalent weight basis in reuistance to
penetration, but weore decidedly inforior to ateel on chock
rocistanco and reilatance to backupal,."

2. "The magneium alloy plates wore considerably inforior
to homoguneous steel armor on an equivalent weight basle in
reaistance to penetration, shock properties, and resistance to
backspall."

EXPZR I!EN TAiL PROCEDURE

Th- zetallurgical tests conducted nn the plates are as follows:

1. Chomical aralyoi3.

2. Brinell hardncss testa at temperatures ranging from 2000.
(66cr.) to -7'0C. (-9e4F.) were made by immersing the
GupcimzonG in a mixture of dry ice and alcohol for ý hour
before taking readings. Tht impressions were made wh•i•

t paclhens wure in the cooling bath.

-- en Ten ile tests.

1 4. V-notoh Charpy impact tusts at temperatures ranging f£rom
200C. (-68.0F) to -70°C. (-9b4F.) using standard size
V-notch bars .394" square as in Fed. Spec. Q,-M-151a.

5- I.Mcroscopic examination.

R E7SUTTS AND DISCUSSION

1. Chemical analysis.

The coMIositions of the two magnesium alloys and the two
a!iirin• ~allcys are listed in Table II which follows:

ChetŽica! Pnalyses

Wtn. I.. Material* Mm Vu Si Zn Cr Fe Mg AI

2 ;z28 *30 .03 -- .95 .07 base 3.02

3 3SR 1.46 .04 .06 - base --

6 75ST .20 1.49 5.79 .24 .22 2.27 base

24ST .62 4.68 .18 - - .29 1.6)1 base

4 1w .-78 4.49 .90 - - .25 .31 base

"i. sirnt'cnS WR : Hot rSlied;"ST Solution hqenched and aged, and
SW= Solutiorn quenched.

i3
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The designations used for the alloya in the banio letter are
thote used by the Aluminum Company of America and the American Magnesium
Company, a iiubuidiary of the Aluminum 0ompany. Consequently it iu assumed

that the above companies manufactured the subject test plates, The
analyseo obtained correspond fairly well with those specified by the
manufacturer s.

2. Hardness tests.

The hardncs3 of the oseries of plates was ascertained by both
RPockwell and Brinell tests. Rockwell hardneasoo at equal distances across
the thickness direction cf the plates are as followst

Wtn. Ave. Ave.

11o. Material Hardness - Rockwell "E" R"En.'t B13M

1 Mg 52SR 56.0 54,0 54.5 55.0 54

2 Mg 52SR 55.5 55.5 55.5 55.5 54

3 Mg 3S.;, 3.5 42.5 43.5 43.0

ML 'g 3SR 40.0 39.5 39.5 39.5 48

Hardness Rockwell "31f Ave. Ave.
___ ___ ___ ___ ___ __ RU"3 BHN

5 Al 75ST 96,0 86.5 86.5 86.5 150

6 Al 75ST 87-0 87.5 96.5 97.0 150

"7 Al 2b4ST 77.5 75.5 79.0 77.0 130

"9 Al i4sw 714.5 70.0 75.0 73.0 120

In order to determine the effect of t.emperature on the hardness,
r'.rie.,e tests were conducted on the several materials at tempere.tures

r Fg n.. from, 20", to -70oC. and the results are as followe:

Vpriaticn of Temneratu-re upon Hardness (Brllnol!)

il Wtn.
Nc. )Material 200C. -10%. -4000. -70 0C.

1 Mg 52SR 53.4, 55.1 55.5. 55.1 56.8, 60.5 60-5. 60.5

3 g 3S-• 7.5, 48.9 50.3, 50.3 53.4, 50.3 53.4, 53.4

"6 Al 75ST 150, 150 150, 150 15g, 158 158, 15g

l7 1 24s8 129, 129 134, 138 134, 133 138, 138

9 .,l 14i4W 121, 121 125, 129 125, 125 129, 129

S"l ruadir.ns taken with reduced loa (5 aS).

-4"
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It is ovicent that all the alloys unaer consideratir;n i'crve'-se
in hardness a sm~all amount at the reduced temperatures, and undoubte-.1i-
it is this chanuo in hardneaa which caused the slight increaoe in tEl)-ntA-I
efficiency observed in the ballistic results of the low tomperaturo toýt•.

3. P48sical tests.

Tcnailv tests wore obtained in both tha longitudinal and tr~i-.vnr.
directions of the plates using .50511 diameter bars, and the results ",rr,
given in the following table:

TABLE III

Phycical Test Ronults

r

Wtn. T. S. Y. S, -long. -700.
.10. Material Pirection psi. psi.) _ .r e r,.

1 52SR Longitudinal 35,000 22,500 7.0 12.6
"Transverse 36,000 22,00C 8.0 3.4

2 52SR Longitudinal 36,600 22,500 140 21.9
Transverse 3G,100 21,250 10.0 12.6

S3 SR Lonituinal 35,500 19,000 11.0 18.4
Transverse 35,900 19,250 9.5 12.6

4 3SI Longitudinal 314,600 1,500 12.5 19.g
"Transverse 33,300 16,700 7.5 5.7*

5 753T Longitudinal 85,200 52,50'• 10. 11.3
"Transverse S2,500 70,600 S.5 9.s

6 75St Longi tudinal 85,750 74,14OO 9 11.9
""Transverso S2,500 70,000 7.5 !I.D

7 24ST Longitudinal 71,250 148,50C 15.0 21.2
Transvcrse 67,000 46,000 10.5 11.0

9 114SW Longitudinal 614,50C 40,n700 17.0 2C. '
"tt Transverse e4,200 141,0o0 94.5 Y.

"Brcke outside gage length.
**sdldviders.

*; 0.2% clffýt fol' MV &I!loYs, lo offset for A1 aclo.ys

-5-
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The tensile properties are normal for the composition and heat

treatment of the subject plates. The difference in ductility between the

longitudinal and transverse direction reflects the effect ofzrolling which
was not equal in the two directions. The two magnesium alloys wer- --bout

equal in ductility although 52SR alloy was slightly greater in strength.
It is also noted that the ductility of the aluminum alloys varied inversely
as the strength and hardness. The ballistic efficiency of the armor varied
directly as the hardness of the alloys.

4• V-notch Charpy impact tests.

The notched bar impact tests were obtained in both directions at
room temperature with the notch perpendicular to the plate surface. The
use of a notch across the thickness yields lower readings than those obtained
when the notch is in the plane of the plate surface. Howeler, the results
are more uniform and do not markedly reflect changes in soundness or
laminations which greatly affect the results with the notch in the plane
of the plate surface. Tests in the longitudinal direction were maade at
temperatures ranging from 2000. to -70 0 0. Transverse tests were made at
20* 0 . in order to obtain the effect of directionality upon the t6ughness
of the materials. The average of duplicate tests taken midway between the
surface and center is graphically illustrated in Figures 1 and 2,

The impact energy of the aluminum and magnesium alloys studied
is considerably loes than that obtained in good quality steel.properly
heat treated to high hardness. The impact values of both the aluminum andmagnesium alloys are unaffected by reducing the testing temperature to

-700c. (-940P.) because, at least in part, they are already brittle at room
temperature. The magnesium alloys exhibit a very low impact value of from
1 to 3 ft.lbs. reflecting the inferior toughness of this material in the
ballistic tests. The impact values of the aluminum alloys correlated very
well with the brittleness and spalling condition observed in the ballistic
tests. The 75ST alloy absorbed 2 to 3 ft.lbs. in the Charpy test and
exhibited the poorest shock resistance; the 24ST alloy was intermediate in
ballistic shock resistance and absorbed 5-6 ft.lbs., and the :1SW which
exhibited the best shock resistance of these materials absorbed 10-11 ft.lbs.
in the Charpy test. The 1l4SW and 214ST aluminum alloys, which possessed the

* highest impact values of these alloys, exhibited marked directional
properties. The other alloys exhibited very little ductility in either
direction and consequently differences in the soundness of these materials
are not revealed.

5. Mieroscopic examination.

The alloys were all in the heat treated condition and their
structures are revealed in Figures 3 and 4. The 52SR magnesium alloy

* contained some intermetallic compound out of the solid solution which was
probably Mg4 A13. The grain boundaries of this material were not revealed
by the etching reagents available (diethylene glycol, citric acid, and
oxalic acid). The 3SR magnesium alloy consisted of a solid solution of
""zaenesium with a pink intermetallic compound scattered throughout the matrix

4 and in the grain boundaries. The grain size diameter was found to be
.010-.020 rm. (equivalent to an AS51 grain size of 9-9 as defined for steel.

-6-
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The structure of the aluminum alloys w~as ty'pical. of the heat
trunjtod m~aterials observed in the literuturelo2v3. The internetallic
"c-.PO'unc1 Cu 4.12 an well as intermotallic compounaa not disaolved at the
ioolution teraporature (probably 9001-925oiF.) wore observed, in those alloys.

6. Geineral Considerations.

This is the first grourp of aluminumn and mnagnesium~ allo~y armor
*ubjoctoci to a naetallurgical examination at this arsenal, and so conclusions
roegardin.g, the effect of metallurgical characteristics upon ballistic
properties must be considered tentative at best. Several extensive
ballictic programs have been conducted in the past on m~agnesiumn and. aluminum
nllo)ys, and it has been found that the penetration resistance inovreases
with hardness and under certain testing conditions the protection is
superior to that of nteel on an equivlalnt weight basis. Howover under
;'lost coaditio^ns, the light alloys either punch or opnll during penetration
an~d the :.-iaterial then exhibito poor resistance to penetration an well as
infterior s*:'.sck properties. In this studyr the inferior to-u41mhess of these
alloys was found to be ass;ociated with inferior toughness in- the notch
bar imrpact tusts. Since ther alloys Investigated were not desi6gned priz-,rily
Ior t!o,.tey nre probably not the beoot ligh*-t alloys for the purpcos.

1-e c-hoice of* t'l1use alloys was controlled, for t~he riost part,
by their ability to be heat treated. to relatively high hardnessea. Associated
with the increase in hard-ness in the group of alumin~um alloys, there was
rioted a decrease in. tough;lness in both ballistic and notch bar tests. It its
considvord advisabILz to investi(gate the processing and heat ~reatment of
uluiniunu and ma,-ilesitzi alloys to determine the cause of inferior toughneso.
Tho proeont study indioates that the large quantity and ret-gular pattern of
the intermetallic compounds in the swicrostructure a~re partly responsible
for the brittleness and spalling in the ballistic tests.

F- - Xeller arid R.. Bossert l~Pevealinc the -icrrstructuye ofý 24S lo"
-.P. 170- 8, Cou~pany of Aioerica, i94~2.

2. L. P. Mir~lf;) - "I1e tallogýrraPhy c' Aluninu-- Llloys." John% Wiley and Sons,

Keller- "'Xeta luo-raphy of -lcoa 75S Alo. 1 Io .614,
1St½:bc-.r 4, 1945.

L*-
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bdrowitturo of ~ Dp~-4 & Iuln~ujv Vlloys

L9

AX500 Diethyleae Glycol
Plate 2 - 52M maenesi~um alloy
con tuining 11, Zn and a Yj.

*2.~ 76

B 
-itylt Clco 0500 CitricAd

Plate 3 S d-Ansumaloy containirig Mu.

I) ~ 0O$Hy X200 Koller's R.eamt
Plate 5 -75ST1 aluminw= nlloy containing Zn, ke, An&. Cux.
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)X1crostructl.rO' Of Alumin"f 4110Y P1AtSO

*X200 i% Hy B X200 Keller's Rtageait

Plato 7 -2
14ST alu~minum allIoy containing N, Mg. and Min.

vi , -7

~x
X20i y D X0 Kle' egn

Plate ~ ~ ~ ~ ~ ~ ~ ~~~5 9 4Wau-nnaly ot'nngCX-Si n g

4,--.-.
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COPY

APMY SERVICE FORCES
C.3DNANCE DEPARTIMNT

A3ERDEEN PROVING GROUaD
S•YLAID 6 December 1944

APG 470.5/990
Attn: SROTZ-F

Subject: Sa-mnoles of Aluminum and Magnesium Alloy Aircraft Arcor
Plates for Metallurgical Analysis

To Commnanding Officer
Watertown Arsenal
Watertown 72, Massachusetts

Attention: Laboratory - •ajor IT. A. •atthews

1. in accordance witih a directive received from the Office, Chief
of Ordnance, Washington (00 470.5/15760, ,PG 470.5/603, datud I1 September
1944, Subject: "Shipment of Aircraft Armor Samplus to W4atertown
this station is forwarding four samples of 1.Iagnesiun alloy plates and two
samples of Aluminux= alloy plates for motallurgical examination.

2. Swniaries of the ballistic test results on the Aluninum anrr
Magnesiu:m alloy plates tested under this progrn.i, are attache-d herewith.
Included in these stummaries are the data on plates reprosenttd by thi
subject samples. The uanrples may be identified as follows:

T.rpe Plate No. Thickness Temp. at Test SnJmle Size
AlUminum 75 ST 1 1-1/2" Normal 12" x 36"

"" 5 Subzero "
MYageesium 52SR 3 " Normal"

" "i 5 " Subzero "
"it 3SR 3 3/41" Normal "
" "I 5 1? Subozero "1

3. It will be appreciated if a cop- of the metallurical trst
results is furnished this station as soon a2 available.

For the Cornmandi,, generLl:

(s/t) ~ .ED

Col., (Ird. Dept.
2 Incls. Dir~c tor

Incl. 1 - Summary of Reoulto on AJ]uir•um . lloy Plates
2 - 1 N.Ia,!,nesitLi i'lloy Plates

Project No.: 145c4 (26 trLý-0o14 )

Best Available Copy
i d NN COPY
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MAo1 20 M. AX UK. R 57 P.iP Shoot 3 of 17

BALL at T21
AF X2 at 20Obl. t2 OIL. at 0* O3L.
'.D. 'RITIOAL VIL. ?OT. BL CRIT. TUL.

IX

,_/Bs 1252 1_ _ _

18111
BS

L-3/4n 1310 1530

1210 17T7 20... E at 1853f/s caused a ll4oroiua crae.
1-7/9 8'95 ~ See Romazks 1 rd. at 1932ff. caused Plate to break in two.L

1-5/89 1233 1470(11) Considerable oraoking of these plates$ with
20 m. Ball aad HR projeotiles,

• WB 1344 (9) 1979 (10

-3/442329

116" 1709.

1723 2-337
3 1i 3 -2 283

IjI

)-1d 1705 (81) 2232 (10l'? rn sal) lt 1 ih2 .U
Wd/B -- --170-9 (11) 2219 (10) 17rex2l froent spall on plate 10 with 20mm. HR.

I --- See remarks Plato broke into four pleces at 111/2ff.

1 l. . ... .10 5 4 8 (.l11 plates broke after two or three rounds.

________ 1061 f/s(
____ ________ i~~041 f/ a(_______________________

-1/gf .. 102 . Plate broke at lOllf/s with 37m. IPP 21.

1060
z____ "1066 F Plate cracked exooesively with 37*9, PP T21,

low conplete penetr tions t-r,; ter than V f/l.
ýte on wh'ch ball ht A value w a obtained,
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RISULTS 0o1 ZE•IHTF j/4". Is. A•D 1-1/2' 24 ST ?yp* ALUMIMM QL7 PLATMu n I

5 Rd*. MG3 5 Amd. 1GI
Oal.. 30Ao 2 Oal..50AFM2 Cal..30.•P2 Oal..;QAPH2 Is

Plate Avg. Toep. at 0 Mbi. at 0° Obl. at 0' Obl. at 0 I Oi.
No. Th. At Toet Navy BL Navy RL Max. Exit Dia. Mau. Exit Dte. Cri

_ _ .... /4 Plaj

1 .76 Normal 1857 f/1 . if2/2 W/33 i-f1i4l-12 wli- • -_n

2 .76 Normal 1815 1/2x9/1GwfIS l-T/16j03f1fE/BS
*J.76 Normal 184 1/2x9/164:D3s 1-X/4xl-1/2 W/313

_ Average 1540 Average
7 .77 Subzero 1862 3/8x9/16 l-3/4x-7/ W/BS n

6 .77 Subzero 1896 l/299/16 l-5/gxl-7/8 V/Bs __

9 .78 Subzero 1586 3/645/3 l -3/14x-7/9 v/Bs
Average 1881 Average

1 1.04 Normal 2129 1652 f/8 ______ -9/1Wx-3/4w/Bs
2 1.00 Normal 2125 1645 2 z 2-1•/8 /is __

3 1.03 Normal 2114 16558_______ 2-1/16x2-5/1603 _

Average 2124 Averago 1652 Average

7 1.02 2219 1714 2-3/4x2-15/1GW/B
8 .0 2168 1674 2-5/dx3-1/16 V/ _

9 1.01 2217 17T1. 2-1/2x2-9/16 wv/ a
Average 2201 Ave ago 1700 Average

1 1.4g 2035' 7/8xl W/23

2 1.4s 2038 7/6d-1/8 ,/Zs

3 1.49 1998 _______ 13/16x1 v/BS
,_ _Av rage 2024

7 1.52 206
8 1.51 _______ 2 0t&3  -/x38
9 i.4s 2076 T83

______Average 2063

N( T: All valu e corrooted to nominal plate tkioknegu.

= .Best Available Copy
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24 ST Typo ALUM I OT ?.M AT, S TSTUD AT VOINAL (35* TO 45") AID SUZUMO (-70 TO` .TO *l0.)

PT?
Rd*. YAG 5 Ids. V•G 20 M. An. 20 -. KI 3T w - 1 Shoot 3

al..30APX2 Cal.. ;2UM2 Nall at 20* at 26- T21 at 0*

t 00 Obl. at 0 Obi. Obi0 Obl. Obltqulty

* Exit Dia. MaX. lxit Dia. Critioal Tel. Proteotioa IL. Oritioal Tel. itm!

3/4L plates

xl/2 WiN 1-1/4xl-i/2 W/E 951 f/u 1966 fl/ _ackepall on PV ate

x9/iGwfz lU -7/1623/V)W/RS 918 1917 _______

x9/1643/S 1-1/14xi-1/2 W/33 976 1______2_

Average 94__ _ o -AT*!o 1925

x9/16 1-3/4x1-7/8 w/3s 1208 19s42 3_ekepan re Pi pactg

19/16 1-5/8xI 7/9 V/AS 1196 19555 ____________

l5/9 l-34x1-7/l WV/S 1109 1531
Average 1172 AvoI 'me 1876

1 Plateso_0,

_____2-94W6x-3/1403E 1511 2315 ________ ackupali on PW xp aote.

2 X 2-il/S V/B5 1557 23142 _______ ____________

_ _ -. l/16x2-51i6WIS 1443 2213
Average 1504 Aerago 2291

- 2-3/l4x2-15/16V/20 1551 21488 ______ aackspail en P's' impacts,

-5/8x3-1/16 wlB/ 1552 2398

-,-__ 2-1/2x2-9/16 VW/ 1659 2475
Avero 1587 Average 2•450 _

li' Plates _

7/Sxi W/MS________________ 
891 _____________

7/9'-a-1/9 V/ES 886

_______13/16ui V/ES 901

Avi ýago 893______ _____

i-i/8g- 3/8 _______________ 920 ____________

________ ________________Ave 
#,o 918_ _ _ _ _ _ _ _ _ _ _ _

nal phae t 60es.

est vailable COPY o
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o, T o 41)') A.SD SMUINKO (-TOO ?0 ..1407.) WO kAVUUS

119 37 ma FIIsbeet 3 Of 19
t iý. T21 at 06

Ub 1 0Obliquity

196~ /~ U&kspal1 ou IPTP i~pots with Oal. .50 prop.
19.17 ____ ________________________

1,)2 Backoupa1I 6A ? IM pacts with U....50 Proj.

Backspa11 o*k P'W Wmaots.

2753

9I__

0 L1tg 901
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AM4Y SERVICE FORCES
ORDPWNCE DEPART1•JT

A37RI-REEN PROVING GROUND
MARY1A.ND (undated)

APG 470.5/1194
SPOTZ-F

SUBJECT: Samples of 24 ST and 14 SW Aluminum Alloy Aircraft Armor
Plate for Metallurgical Analysis

TO: Commanding Officer
Watertown Arsenal
Watertown 72, Massachusetts

ATTENTION: Laboratory - Major N. A. Matthews

1. In accordance with directive received from the 9fflco, Chief of
Ordnance, Washin.,ton (00 470.5/15Mh0, APG 470.5/603, dated I1 Sept. 44,
Subject: "Shipment of Aircraft Armor Sno3ples to Watertown •Lrsonall') for
(4) samples are being forwarded to your station for metallur•,,tcal
examination. The samples represent ii" thick 24 ST and 14 SW type,
aluminum alloy plates which have been ballistically tested both at normal
and subzero temperatures.

2. The ballistic results on the 1-1/2"1 thick platwon rej1r-.entod by
these plates are included in the two sumtary shcets attached horewith.
The saimples may be identified as follows:

Plate Tenperature

Type No. Thickness Sample Size of Test

24 ST 3 1-1/2" 12" : 36" Normal
"I 9 " " Subzero

14 Sw 2 I t :mr:.al

" 4 " " Subzc.ro

3. It will be appreciated if a copy of the metallur,-ical tzst

results is furnished this station as so-n as available.

FOR THE COKL.NDING GE-"R.AL:

G. GO. EDDY
Col, Ord. Dept.
Director

2 Incls. - Sulm-ary of Ballistic Results

4594 (26 Arg-014)

COPY
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pRPP icW'Fr) AT G(VF NMP Nt VVPti-Qitý6_

RMULTS OF EIOHTN 3 /h4, 1i, .nd 14 AI• vl ALL0'JOY •%-

~ MG
MCAL..30 AP CAL..50 AP' CA&L.30 AP ME1AL

AVG. X2 AT 0O O3L. k2 AT 06 03L. AT 0 0 L,
NO. W •T. B.L.2L. WAY B,. L, W6 EXIT DIA. MAX.

_- - -- -+74 . No Normal 175,13l. a./ 4/. 1-tx/l I/

2 .72 Normal.________ ________ 1/094 xi/41.'.__

3 .73 Normxx~al 1779 1/4 x1/s4,

Average e9780

4 ..74 Subzero 183 1/ýOxl/7/• B31 4(

.74 S.ubzero o5_//16-4/3 15 ",(Ix

6 1 .74 1 Subzero 1855 1/4x/41/1-'x

1 1.00 INormal p061623

t 2 1.01 Norma. I. .. 5 1614. 1-7./8.

*3 1.00 Normal 1 2120 16141
Avrarae 204 1625_

14 1.01 Suibzero 2153 161131-56

5 1i1.01 Subzero M39 1634____________ 40____ x

6 T1 Y.0u Subzero 2146 16e44

_______ Averag~e cL- 46 __ _ __ _ _ _________

*1 1.149 Normal 1 945 7_______

2 1. 49 jor ma l 195 4.
1.48 Normal1 1991 ---7 -IC 7.

1.47 ____ Subzr 20rt 2!¶ 7/16-fil
1.4___ Subzero 2052 _________

6 I1.48 Subzero ____>0____200 7/ 16',9
- t -- .

Averuge 2033 _________

NOWS, . l values a rreoted. to nomiia& thicineU

2. Values u:. rox mate d ifferenceg between

"-6" "'" ." -*" '+ .-. " " , '"", +" ,% °' " " [" ' i ;," " - '' ," " , '''"'''° ' ,•- .""'°o *" " "." . .*" .+ ' .. - '

S . .. .. .. . ,_ +.. __ . . .. •, .t,_.• •.•. • -. -. •- • ' • ' '_ r, : :' 7 , * '. .' ", , , - - .'7. ''' .- -- .- " -' -' -



IJ c - w rll r I (0VI f'NMFN1T F'P~tNSF

ALA".]MINTfl ALLOY U Tk"PEf AT NORVAI (1;5" TO 550Y.) & StW.-Z-'10 (-70' to A4cO,.i) NwEPRAVIitJ?

MOAw WG bURST
A..30 A.pMp CAL..50OAV M2 3 auj. AM BALL 1210 m. 1IAT 37 am. PP ?~1
AT 0" 019L. j450 AT )0 g " fBL. doo o03L. A. 0~ OBL

A.X. '.XIT flI.. KUX , "IT MA CRITICAL VUL6 P1ROTAXCTION BL. CRITIC~IL M~.

--- /14o PL&TIZ__________

/4X Ox 1q/4 flac- 4/6.I

* ,' ~/2" 3 1.NK 6" W/S~BS 940z0 1929B~kt

895 1993

b. m" s1)010 197 acs

14...- N.%~ 1/435190ý'

Averw~a 192256

_____ 1ý" FLýr9

.7/1LAx.-71/m~h3 BS_ 9133 '25

_____7/1 below 7910

~7i 1o rlodt7 tbikle

* ~ ~ 1r'X11- diffrenc 913ee 2ihpri n o O1t.~nt~to~re rte 0f

91

............................................
..................................................



& ~iUB-Z¼:tO (-70* o -406.AO) T~iMATJRUS

ZI mm~. IX A.T 37 am i PP TP1
Ou03L. AT 0 On

ROTECTI014 BlL, CMTIUL UL..~X

IF72. Ba-ý3pall on FT trP nc wi~th

19 ý7 Back-spadl oni PTP 1nmpact,ýwt
_____________cal. .50 jro~ectiloss.

*3 Bucl'upall on PFT impacts. -1

792

913
_______ 9102

_____ ~~9332______ ____

7:e.trAtloflai erp er than 50 f/6.



Cu1..30 AP U16..50 AP Machiu. Gum
H PV Q M a t 0 0 X2 at 0 * B ur t . W -. 30 B

"BaT. TH '•W, Obliquity 0bliquixty ' AP XP
1,Kvy B.L. NAvv7 I.L. USA. X.D

I ____ -33R 473 Norma__ 3/ 4*3! 4" W/28 /

2 4- 1258 3IW3~IV3

3 U.58 ____ 1259 _______ 5/8ox3/14* VDsa 1'

4 , .70 Sbzr 1310 2 7/944/84 /W/s 1

j 5?SR _ _ 0 .75 1____-_ 1291 _ 7IS' .5/16" W/:1 r I

i6 •3' I -73/1, x7/]. v/ 127I~ 5?SR _______ 2.uriu1l 1291 i3/34Nx3/16MW/X 1
2 _ _ __ _ .73 1__ ___6 _ ___________~w -i

4_._ 5__SR .714 Subzero 1300 - 3/.....5/16 1/
[5_____ 75 U1312~_____ 7IBNX13/ i6 lewfi i.

6 d.70 N13~41 ______ 15/16#x15/16*W)3S

1 _5SR .99 N ,or•a 1465 t 10914 __ _

2 .9___1523_ 91090

34 K 96u i2~94095 ~

52R .99 iSubsor. 1" 1093 . .-
* _ __ __ -~1515 1076_ _ _ _ 1

"6.98 _i , ' ' 100 1

I_ _ - - -

1 5MS __ __ 1.~46 IMonwL 1_____ 1361
2 ' .6 •] 1334
3_________ 131.41

21 52 __ 1.46 sub-ero . 1368

__5 _ __ _ _ _1.144 1.3-.-..

[6 1 .146 1 411__ _ _ _ _ _ _ __ _ _ _ _ _ _

NOUS: 1. Al l ballistic values' I

2. Dif rorence betwees hij

I . ..-1•'- I • •rq '-1-1..r~:.... ....... r~ ............. :IK •i" :" i : -)i ., .~ >' rZJ



VFFPA.r|jICFD AT GOVFHNNMENT F,-PVNCE

37 mm. PP Report No.: ARI-15091

1 T?1 at o0 Sheot 2& of 2

:. Obliquity'
MRITI=CAk VNL. UaL.IX

I

* I -•aeckspall obtuined on all PM i•p•cte.

S210 am Am. Ball nc-t adequAte test for 10 plate.

OP at 91 1 37 an PP ?22. not adeqmate test for 10' -plate.

44

4 §rcater th~ 50 X/15.



REPR~nmICFr) AT GOVERNMENT FXPFNSE

iAQNSILW ALLOT PLAS AT NOR)"A (60 to 0J* All) SXBZER (-70* to -1.0 w.) TIMPEATURES

Kmahlas Gu= Naahime OUm 20 M Am. Ball 20 M EU 37 as- PP
Burst. Oal..30 Buret- 0al1-5 0 at 20* Obli-. at 20* Obli- T21 at 00

AP KP AP MP qui~ty quity Obliquiity
Maz. X.D. Max. N.D. CRITICAL VIM. PROTSCTIOI CRITICAL TEL.

___________140 PLATES 0f1I TYPE_________

3114*23/ 40 W3AS 7/8Sxl-1/8*id/ Backspall obtained

3/4x3/)4-.V/Bs 7/ 8Ux1.../8vWfU_______ 930 ________

5/S'x3/14v V/US 1'xl-3/320 W/B 9144

7/804/94 V/US 15/16axi1l/16a /Bs 1006 _________

15/16"xle V/US l1Sx-/& /33 939 _______ _________

7/8vx15/l6gW/M 1'xl-l/8" V/PA________ 971 __________________

3/ 44 P`LATES Of 55 TYPE ________

7/90I15/16*W/3' 1*x1.../li@V/BS 1050 __________

13i75~ ii 16sx/sv/ l-1/8 1038 _________________

3/14*x3/146W/3,S 1-1/S'4x-3/16 /3S 1052

7/8'x13/16"Wf3 1-.1/169xl-.1/gf JB 1131 _______

15/16sx15/16"W/PS 1-1/sex1-1/8 Bs712

__________1-1/89El-3/86V B$ OP at 681 ______ 20 m Am. Ball no t

___________1-i/
1 4@zl-5/16 3S OP at (6-0 -1316 _______

__________1-1/40%1--7/16- /Bs 1278 _______

1-1/14vx1-./I4-w Bs aP at 669 1391
_________1-31901i-112WW BS OP at 662 1306

_________1-3/161.i-1/14 /Bs 1309

_______1-9/16@xl-9/1 /Bs 1823 OP at 812 37 an PP VT11 not ad
_______1-5/8'zl-13/1"/BS 1794. OP at g614

_________1-3/8'xl-5/8**BS 1808

___________1-.9/ 16 @xl- 3/ 4 /s N 1858 _______

________1-5/ 9 axl::5/ 8 t38 1870

________1-13/ 160x1-13/16"'/BS 1891.

!4ll istic value icorrected to rminnl plate t1 i~xess.
srenco between kigh nartl~l ane low complete Tenetrationa creater tb~a 50 f/6.

Best 1VabeCOPY


