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Report No. WAL 710/801 R N I ///
Problem Yo, B-3.5

ARMOR-«-AIRCRAFT

Metallurgical Properties of

Sevoral aluminum and Magnesium alloys Ballistically Tested

at Normal and Subzero Temperatures

To dotermine ihe physical and metallurgical properties
as both normal and subzero tomperatures of two magnesium alloys
(35R and 52SR) and three aluminum alloys (75ST, 2UST and 1lsw).

SUHMARY OF 2ESULTS

The zagnesium allcys poasess a very low hardness as compared to
alazninus or steel although they do have a density and ccnsequently a
thicrmeas advantage on an oquivalent weight basis. Tho 4oughnoess as
measurcd by notched bars was exceedingly low. If tonsile strength is
multiplied by a factor of U, U (the density advantage) then these physical
propertiea are not remarkably different from that of hard homogeneous
steel. In spite of this thiclkness advantage, the magnesium alloy plates
are pernetratod in a brittle manner in the ballistic tests and as a
consequence are inferior to steel which is penetrated in a ductile
marner up to very high hardnosseas in an equivalent thickness range.

The alusinun alloys examined varied in both hardneegs and notched bar
impact strzngth, The 7587 exhibited the highest hardness and lowest
L ,gh"ess. 2LST was intermediate in Yoth, and 14SW exhibited the lowest
dress but highest 'oughness. The above results are comparadle to the
rcsults of the ballistic test silnce 753T exhibited the highest resistance
Lo penctration and the poorest shock resietance whereas 1L4SW was just the

reverse. The infericrity of both magnesium and aluminum allcys is
vretatly attributable to punching and/or epalling which were generally

erncourtered in these aluminum and magnesiuwn alloy plates. It is considered

that a basic investigaticn is worthwhile to evaluate and minimize this
weakness in magnesium and aluminum alleys.
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REPROBUCED AT GOVERNMENT: ExpengE:
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INTRODUCTION

In accordance with instructionsl from the Office, Chief of Or@nnnce
through the Ordnance Ressarch Center, Aberdeen, a metallurgical examination
has been conducted on ten (10) light alloy armor samples selected from a
group «f plates previously subjected to ballistic tests at the Ordnance
Research Center, and an analysis of 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.* aPG. Ko, Material Thickness Temperature
1 1 Downetal 52SR 1sn . Normal
2 5 " 528R 15" Subzero
3 5 " 3SR 3/Ln Subzero
4 3 " 3SR 3/un Normal.
5 5 Aluninum 75ST t LI Subzero
6 3 " 758T 13 Nornal
7 3 " 2usT L Normal
8 9 "o 2usT 13n Subzero
9 2 " 1l EL Normal
10 5 " 1lsy 15 Subzero

*To prevent confusion Win. nu-bers will be used In the description of all.
results in this report,

Tiae ballistic tests werg reportad by the Ordnance Research Center in
«r=or Test Report No, AD-988% in which it was concluded that:

1o Letter file aPG. 470.5/1194% - Wtn. 470.5/8653(r) received 27 Feb. 1945
and aFG. 470.5/980 - Wtn. U170.5/115(r) datod € Decerber 1944, See
Apvendix A,

2. Tadulation of ballistic test results are listed in Inel. 1 of
corrvspendence in Appendix a.

-2




REPRODUCEND AT GOVERNMENT F¥PENER

1. "The aluminum alloy platss wero, in general,
slightly superior to homogeneous steel armor (according to
Spdc. ANOS~1) on an equivalent weight basis in resistance to
penetration, but wero decidedly inferior to steel on shock
reoistance and resiatance to backspall.t

2. YThe magnesium alloy plates wore consideradbly inferior
to honogoncous stesl armor on an equivalent weight basis in
redistance to penetration, shock propertion, and resistance to
tackspall.?

- EXPZRIMENTAY, PROCEDURE

The zetallurgical tests conducted »n tha plates are as follows:
1. Chemical aralysis.
f; 2. 3Brinoll hardness tests at temperatures ranging from 20°C.
3 (68°%.) to -70°C. (-9L°F.) were made by immersing the
_ 3 spucimons in a mixturo of dry ice and alcohol for % hour -
befere taking readings. The impressions were made while
th gpecizens were in the cocling bath.
2. Tenoile teste.
4. V-notch Charpy impact tusts at tomperatures ranging from
20°C. (~88°F.) to ~70°C. (~9U°F,) using standard size
V-notch bars 394" square as in Fed. Spec. QQ-M-151a.

5. Microscopic examination,

RESULTS A¥D DISCUSSION

1. Chemical analysis,

The compositions of the two magnesium alloys and the two
alunirun elleys are listed in Tabtle IT which follews:

Wine Mo, Matcrial‘_ Mz Ju —ii e Gr ,ES Mg Al
2 S osH 230 .03 - .85 — .07 base 3.02
3 3SR L4608 - (06 -~ — base —-
S 7557 20 L4 - 5,79 .2k .22 2.27 base
h 2lsT 62 4,68 18 - ~~ .29 1.61 base
S 1LSW 78 kL 50 - — .25 .31 Dbase

*D:sifsnation! SR

S

(1A}

Het relled; ST = Solution quonched and aced: and
Sclution quexnched.

3
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that the obove companies manufactured the subject test plates.

REPRGDUGED AT GOVEANMENT EXPENSE

The designations used for the allsys in tha basioc letter are
those used by the Aluminum Company of America and the jsmerican Magnesium
Company, & subsidiary of the Aluminum Company.

Consequently it 1s assumod

The

analyoes obtained correspond falrly well with thocos specified by the
manufacturers,

24

Lockwell and Brinell tests,

Hordness tosts.

Tue hardncsa of the wseries of plates was ascertained by both

tho thickness direction c¢f the plates are as follows:

Rockwell hardnesscs at equal distances across

Wen, Ave. Ave,
No. Material Hardness - Rocxwell MEMN RUEA BHY
1 {g 5258 56.0 54,0 54,5 55.0 54
2 Mg 525R 5.5 55.5  55.5 55.5 54
3 Mg  3SA 43.5 42,5 43,5 b3.0 Lg
Y Mg 3SR bC.C 39.5  39.5 39.5 Le
Hardnecs - Rockwell "3n g:;; g;;’
5 Al 78ST 86,0 86.5 86.5 86.5 150
6 41 75ST 87.0 87.5 86.5 87.0 150
7 Al 2lsT 175 75.5 78.0 77.0 130
9 Al 1lsW 4.5 70.0 75.0 73.0 120
In order %o determine the effect of temperature on the hardness,
zrinell tests were conducted on the several materials at temperatures
ranging from 20°C, to -70°C, and the results are as follows:
Varjaticn of Temperature uporn Hardness (Brirell)
win.
He.  Material 20°c, ~10°C. -ko°c. ~70°¢,
1 Mg 5258 53.U4, 55.1*  55.5, 55,1 56.8, 60.5 £0.5, 60.5
3 “g 3SR 4745, 48.9 50.3, 50,3  53.4, 50.3  53.L, 53.4
S Al 7587 150, 150 150, 150 158, 158 158, 158
7 al 2487 129, 129 134, 138 134, 113 138, 138
9 al 1k3w 121, 121 125, 129 125, 128 125, 129

*all reacings taken with reduced load (500 XeJ.

Ui
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in hardness a small amount at the reduced temperatures, and undeubd
it ie thig chanse in hdrdneass wnieh caused the slight increaso in belitnti~
officiency observed in the ballistic results of the low tomperaturc teste.

3.

It is ovident that all tac alloys under consideraticn incrense

Physical tosts,

Tcngile tests wore obtained in both tho longitudinal and tranrore:

T
Ve &

1-r
by

directions ¢f the plates using ,505% diameter bars, and the results nre
given in the following tahle:

DABLE 11T

Phyeical Test Reaults

Wtn, 7.8.
o, Material Tirection psi.

1 5253 Longitudinal 35,000

H Transverse 36,00C

2 53R Longitudinal 36,600

" Transverse 26,100

3 ISR Longitudinal 35,500

i Transverse 35,900

U 3SR longitudinal 34,600

" Transverse 33,300

5 7587 Lonzitudinal 85,200

n Transverse §2,500

g 75ST Longitudinal 85,750

t Transverse £2,500

7 2UST Longitudinal 71,250

" Transvarse 57,000

9 148w Longitudinal  64,5CC

" Transverse €L, 260

Y.5.. Zlons. fed,
‘p;%if‘*) % Aren
22,500 7.0 12.4
22.00(: 8.0 8§u
22,500 14.0 21.9
21,250 10.0 12.6
19,000 11.0 12,4
19, 250 9.% 12.6
18,500  12.5  19.8
14,700 7.5 5.7
52.5CC**  10.C 11.8
70,600 3.5 9.5
74,400 5.5 11.2
76,000 7.5 11.0
Lg,50C 15.0 21,2
46,000 10,5 11.0
4,700 17.C o
41,000 4.3 17,7

¥3rcke oatside gage leagth,

**Used dividers.
¥ 0,2% etrfset for Ms zllovs, 1% offcet for ol o2llovs.
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The tensile properties are normal for the composition and heat
treatment of the subject plates. The difference in ductility between ;?eh,
longitudinal and transverse direction reflects the effect ogzrg}}?pg_;_ 2
was not equal in the two directions. The two magnesium alloys wers at;u
equal in ductility although 52SR alloy was slightly greater in s@:eng . .
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 thpse obtained
when the notch is in the plane of the plate surface. However, the results
are more uniform and do not markedly reflect changes in ecundness. or
laminations which greatly affect the results with the notch in the plane
of the plate surface. Tests in the longitudinal direction were made at
temperatures ranging from 20°C. to -70°C. Transverse tests wexelmade at
20°C. in order to obtain the effect of directionality upon the toughness
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 less than that obtained in good quality steel properly
heat treated to high hardness. The impact values of both the aluminum and
magnesium alloys are unaffected by reducing the testing temperature to
~70°C. (~94°F.) because, at least in part, they are already brittle at room
tomperature. The magnesium alloys exhibit a very low impact .value of from
1 to 3 ft.1bs. reflecting the inferior toughness of this material in the
ballistic tests. The impact valves of the aluminum alloys correlated very
well with the brittleness and spalling condition obaserved in the ballistic
tests. The 75ST alloy absorbed 2 to 3 ft.lbs. in the Charpy test and
exhibited the poorest shock resistance; the 2uUST alloy was intermediate in
ballistic shock resistance and absorbed 5-6 ft.lbs., and the :14SW which
exhibited the best shock resistance of these materials sbsorbed 10-11 ft.lbs.
in the Charpy test. The 14SW and 24ST aluminum alloys, which possessed the
highest impact values of these alloys, exhibited marked directional
properties. The other alloys exhidited very little ductility in either
direction and consequently differences in the soundness of these materials
are not revealed.

5« Mieroscopic exanination.

The alloys were all in the heat treated condition and their
structures are revealed in Figures 3 and 4. The 525R magnesium alloy
contained some intermetallic compound out of the solid solution which wag
probably Mgy 313. The grain boundaries of this material were not revealed

Dy the otening reagents available (diethylene glycol, citric acid, and
oxalic acid). The 3SR magnesium alloy consisted ©f a solid soluticn of
zagnesiun'with a pink intermetallic compound scattered throughout the matrix
and in the grain boundaries. The grain size dianmster was found to be
+010-,020 m. (equivalent to an AST™ grain size of 8-9 as defined for steel,

-6~
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REPROGUCED AT GOVSANMENT PYPENGE

The structure of the aluminum alloys was typical of the heat
trontod riatorials observod in the literuturelv@J, The intermetallic

compound Cu 4lp as well as intermetallic corpounds not dissolved at the
solution temperature (probably 900°-925°7,) wore observed in those alloys.

6.  General Considerations,

This is the first group of aluminum and magnesium allny arnor
subjoctod to o metallurgical examinatisn at this arsenal, and so eonclusions
rogarding the effoct of metallurgical characteristics upon ballistic
proverties nust be ¢nonsidered tentative at best. Several extensive
ballictic programs have been conducted in the past on nagnesiun and aluminum
nlloys, and it has been found that the penetration resistance incveases
with hardness and under certain testing conditions the protection is
superior to that of steel con an squivalent weight basis. However undsr
most coaditions, the light alloyc either punch or spall during penetration
and the uaterial then exhibite pnnr resistance to penetration as well as
inferior stsck properties. In this study the inferior toughness of these
alloys was found to be associated with inferior toughness in the notch
var impact tests, Since the nlloys investigated were naot designed privcarily
for armdr, they are prodadbly nct the best light alloys for the purposc.

The chtico of thuse alloys was controlled, for the most part,
by thair ability to be heat treated to relatively high hardnesses. Associated
with the increase in hardness in the group of aluminum alloys, there was
noted o decrease in touganess in hoth ballistic and notch bar tests. It is
considered advisadle to investigate the processing and heat .reatment of
aluninun and magnesium alloys to determine the cause of inferior toughness,
The precent study indioates that the large quantity and regular pattern of
the intermetallic compounds in the microstructure are partiy responsible
for the drittleness and spalling in the ballistic tests.

Fo reller and R. a. Bossert - "Revealin, the FMicrostructure of 548 Alloy,"
T.F

« 10, 8, aluminun Coupany of America, 192,

e L. F. Mandalfs ~ Mictallccraphy of Alusinus Alloys." Johrn Wiley and Sons,
Inc., 1GU3,
3o & Keller = Mdotelleoraphy of alesa 755 Alley." Ircn ige, p. 6,

otchor U, 1945,
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REPRONUCED AT GOVERNMENT EvrengE
? Microatruature of Megnesius aad Alunlnun Alloyse
- . . - I ??i
( R : .
! ' N ' . (l
RN :
T L. ) oo i
: ;
E: . . Y i :
. A X500 Diethylene Glycel
Plate 2 - 525R magnesium alley
i conteining Al, Zn and Mn, !
' ‘i '. 1
{
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§

T o 4 G S ; CE e W f,_g"hﬁigkf“j;»ga SR
B X500 Diethylene Glycol ¢ X500 Citric Actd
Plate T ~ ISR megnesium alloy containing Mn.
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D X200 % HY ) X200 Keller'y Resgent "
Plate 5 - 7587 aluminum nlloy containing Zn, Mg, and Cu. ;
. PIGURR 2 : '




> REPRONUCED AT GOVERNMENT EXPENSE
. Microstructure of Aluminum Alloy Plates
‘. - ‘ I" » ,\-. .
* e ;o_.'b' ’
~H e PV
M . . g ;,:;* ";:l'l,‘éaliéf.“-",.
’— N 3 VLo .

1 . S Y L= RIARERY i B
. A X200 3,5% Hy B X200 Keller's Reagent
: Plate 7 - 24ST aluminum alloy containing Cu, Mg, and Mn.
e TR e s T
Lo T :.7 H . - ' _%_. PN - .A,'(_."‘..':f,.'-_q‘.“" . K
- Y RN o ) ] . N b 'Aﬁ'-'i ‘.
40 Lot 9
:' .. - “
. LT L TTEEETE T e
" S X200 44 HF D X200 Koller's Beagent

Plate 9 - 1L4SW aluminum alloy containing Cu, Mn, 51, and Mg.
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ARMY SERVICE FORCES
ARDNANCE DEPARTMENT
ABERDEEN PROVING GROUND
MARYLAND 6 December 194k

APG 470.5/580
Attn:  SPITZ-F

Subject: Samples of Aluminum ané Magnesium alloy aircraft Arwor
Plates for Metallurgical Analysis

To Commanding COfficer
Watertown arsenal
Watertown 72, Massachusetts

attention: Laboratory ~ Major N. A. Matthews

l. ~ In accordance with a directive received from the Cffice, Chief
of Ordnance, Washington (00 470.5/15760, 4PG 470.5/603, dated 1§ September
1944, Subject: "Shipment of Aircraft armor Samples to Watertown arsenal),
this station is forwarding four samples of lagnesiun alloy plates and two
samples of aluminuwa alloy plates for metallurgical examinaticn.

2. Swmaries of the ballistic test results on the aluminum anc
Magnesium alloy plates tested under this progran, are attachod herewith.
Included in thesc swmaaries are the data on plates represcentad by the
subject samples. The samples may be identified as follows:

T:pe Plate No. Thiclness Temp. at Test Sammle Sice
aluminum 75 SO 1 1-1/2n Normal 1ot x I6M

" " 5 " Subzero "
Magnesiun 52SR 3 " Normal "

" n 5 " Subzero "

" ISR 3 3/Ln Normal "

r f 5 n Su’o Zero !

3. It will be appreciated if a copyr of the nstallurgical test
results is furnished this station as scon as availabdble.

Tor tho Commandine Generanl:

{s/t) G. 3. SDOY
Gol., COrd. Dept.

2 Incls. Diractor
Incl., 1 = Suminary of Results on Alwainum alloyr Plates
2 - f n n " llaymesiun alloy Plates

Project No.: U504 (26 arsé-01k)

Best Available Copy

CoPY
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REPHOGUCLD) AT GOV H[\«mu‘il YU

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

Rﬁlﬂ.;e wE g jPJ e el &bias gﬁ_‘....—_? i:gs TI%D AT Adw (55’ to 6751') :
pn.. 10 AP|CAL.,50AP | MAGHITE GUN| MACHTY guN | 20
FLATE AYO, N2 at N2 at 3m3* BURS?
1o, T{PE BKY TH, | TRMP, |O* OBL, | 0° OBL. ICAL..30 APN2|0AL..50 AP M2| at
o L L JAYY 3L |MAVY BL MAX. 5.0, | NAX. %.D, DRI?
R AN DU SR N L3[4 |rras
<3 _ 2 9/16%x9/16% |1-11/16%x
BRI ERCE) N +78 {Normal | 1941 W/Bs 1~13/16"/83
2 L J91 ¢ | 188y 3/8ax7/16%  |1-3/lex
. l ] L] W/B5 1-3[“'\'/38 _
a " . . 1 BUxh® /B3 |1-3/Unx1-3/Ue
A R A R e S/8ext /o |13/
(R SO SRy ) R N o ,
ooV .18 |subzero| 1996 5/1A%x7/gn [1-5/g9x1-7/8"
| 1 _ v/es w/38
5 v 78] 1907 ¥ox5/8v/bs 1-3/rx1-5/s'
'. o /33 )
‘ T RCINK] 19747 9/16x5/8% | ~*x2-1/8%4/BS
\ | l '/33
sz i :.‘?::.:‘::_ —_T‘ YT == ; :
| S S L AR PLATES
" = + 1,01 jomal g 22L0 L1651 T!Q-I/S'IE*S/“"
S S S S SN el . MBS _
I T U R 1719 Bxp-11/160
U SRR . S e w/B3
P toL o tyo v leme | 1616 .
7o 11.01] z—}/é'xa-}/sr
oA : SN PR .
Iy 4[ " 1,02 [Subzero; 2359 1660 - /‘x}-l Ln
o ] ] i o v/B3
. A 1.02T 77w "7 538y 1831 easls-xz-ﬂa-
I I il b | _w/Bg
[ C 1.02] * 2284 | 1694 T s-xw B
R I _ o derums |
A P . 1.50 Normal : L2112 15/16%21-1/8*
Lo ST SN U S S i W[BS
5 . T AT Al T78-3] 16w
SRS AU S S I . W/BS
3 " ; 1. h9' v '| 2135 ; 1-1/8%x1-3/8"
U S | | i - ¥/BS
A A 1,50 ¢ |
T A A SN . . ! A A R
b . 1.50 [Sub rerol 2148 i 5/16}::1-1/3-
U N i ' x
57 T 152, @ S -1/ ex1-37ee
R RGN _ ¥/p3
L ' 1.52: « | 2193 1"x1-1/8"n /B3
g | WOTES: Tx ALl Plates 247 4 367 in size ]
| ; { 2. A1l Plates corrdcted to nomigal thickuness.
. '; | 3. Diffefence bdetwden high part{al and low cokp
‘ L. Numbe! tn parsntheses revres ntl plate oa Whi
R i |
b ; | |
| | ’ | | | |
| | | a | ; i

TR IPR

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

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

R




T R Repers No.: Ar-15111
P10 | 20 om. AM POWE! 57 mm. PP Sheet 3 of 17
4 BALL at T2l
AP MN2| at 20°0bl. | 20® OBL. |at O° OBL. REMARKS
:.D.  PRITIOAL VEL.FROT, BL [CRIT. VEL.
ix
) E 1252
1814 .
‘BS e
=3/l 1310 1£30
- -_‘;;1(_’_ 1777 20mn, HE at 1853¢f/s caused a 14%ircular crask.
1-7/8n 1251 (8)7| See Remarks 1 rd. at 1932¢/s cansed plate te bdreak i twe, |
1=5/8 1233 o 1A70(11) Consideradle oracking of these plates, with !
b | 20 mm, Ball and EB projectiles, f
3*w/BS|  134b (9) | 178 (10] ;
J— e :::
~3flel 239
/16" 1709
L 1te3 | a3y
38R T T1REY T T o283
W s () | B Y]
X778 1758 19) | 2288 (9) |~
;3"23#“_”17‘63 (11)| 2218 (10] 17%x2% front spall on plate 10 with 20mm., HR.
3 NN S —— e e L
1-1/8" above
oA 974 f/a |
116w See remarku Plate breke into four pleces at 1142f/s.
SR S [ e PR S
1~3/8" 1035 3 (A1l plates droke after two or three rounds.
S SR I B (
S 1061 f/s|(
B 1001 £/s |0
-1/8% 1028 Plate broke at 1011f/s with 37mm. PP 221,
1-3/8¢ 1060
g'i,;/ns . 1066 Flate oracked excessively with 37sm, PP 701,
*e89.
low copplets penetrptions grajter than 5Q f/s.
te On Fh&ch balliastic value v+s o‘otuinod1
| | .
! l (3
1
!




A Mo, A S O TR T
AFPRONIICED AT GOVERNMENT FYPPNSE
RESULTS OF EIOHTKEM 3/4%, 19, AND 1-1/2% 24 ST Type ALUMINUM ALIOY PLATES
PTP P®
. 5 Rds. NGB 5 Rds. VGB .
Cal..JOAPK2 | OCal..50aAPM2 Oal..30APN?2 Oal. .gou'uz 3
Plate Avg. Temp. at 0° Obl. at 0® Ovl, at 0® Obl. at 0% Ovl.
Mo, Th. At Test ¥avy BL Navy BL Max, Exit Dia. | Nax, EBxit Dia. | Or
. 1/4t Plag
1 .76 Hormal 1857 ¢/s 1/2x1/2 ¥/33 | 1-1/Ux1-1/2 W/BS .
2 .76 Normal 1815 1/2x9/16W /33 1-71/16x343% ) /B8
3 .16 Normal 1849 1/2x9/164/Bs | 1-1/Ux1-1/2 ¥/B3
Average 1840 Average
7 77 Subgere 1862 3/8x9/16 1-3/Ux1-7/8 ¥/Bs
g J7 Subzero 1896 1/ 2x9/16 1-5/8x1~7/8 ¥/BS
9 .18 Subsere 1886 3/8x5/8 1-3/4x1-7/8 W/Bs
Average 1881 Average
1* Pla
1 1.04 Nermal 219 1652 £/» 2-9/16x2-3/4% /B3
1.00 Normal 2128 1645 2 x 2-1/8 ¥/Bs
1.03 Normal 211% 1658 2-1/16x2~5/16¥/B
Average 2124 average 1652 Average
7 1.02 2219 1714 2=3/Ux2-15/16¥ /B
8 1.0L 2168 1574 2-5/€x3-1/16 W/Bs
9 1.01 2217 1711 2=1/2x2-9/16 W /3B
_Average 2201  Average 1700 AvsTage
‘ ’ 189 P1
1 1.ug 2035 /801 4/33
2 1.48 2038 1/8<1-1/8 ¥/33
1.%9 1998 13/16x1 w/Bs
Average 2024
7 1.52 2069 1x1-1/8&
8 1.51 20u3 1-1/8x1-3/8
9 1.ug 2076 - 1/811
Average 2063
RCPT!: All 'nl\lJl corrected to|nominal plate tﬂicnon.




HEPRODIICED AT GUVERNMENT NPT NSL

ol BT Type ALUMINUN ALIOY PLATES TKSTED AT NORMAL (35° 70 U5®) 3D SUBZERO (-70° %0 ~4e*P.) TRMPERAYURE

PP P Repert ¥
Ras. MOB 5 Nds. ¥GB m m, AB, m sa. HB 37 m, FP Sheet 3
al..JOAPN2 Oal..50aMM2 Ball at 20° at 20° 21 at 0° ;
t 0° Obl. at 0° Ovl. ovl. odbl. Odliquity
. Exit Dia. Max. Bxit Dia. Critical Vel. Protection BL. Oritical Vel. Romar)
1/4% Plates
‘x1/2 W/BS  |1-1/4x1-1/2 /38 951 /s 1966 £/ Backspall on PTP impacts
x9/160/3s | 1-7/1643/38 918 1917
x9/164/BS 1-1/4x1-1/2 ¥/BS 976 1892
Average 9LE Avetages 1925
x9/16 1-1/Ux1-7/8 %/BS 1208 1942 Backepall on PTP impacts
x9/16 1-5/8x1-7/8 ¥/BS 1196 1855
x5/8 1-3/4x1-7/8 W/BS 1109 1831
Average 1172 Average 1876
1 ;iato-
2-9/16x2~3/4w/B3 1511 2318 Backspall en PTP impacts.l
2x >1/8¥/Bs 1557 2342
2-1/16x2=5/16W/Bg 1443 2213
AveTage 1508 Avetage 2201 ‘
bt mmtaa e m— o 1
] 2=3/Ux2=15/16¥ /d 1551 2use Baokspall ea PTP impacts.
2-5/8x3-1/16 ¥/Bg 1552 2388 ;
2-1/2x2-9/16 ¥/3 1659 2475
i AveTage 1587 Avetage 2U50
1&' Plates
7/8x3 #/38 £91
1/8<1-1/8 ¥/33 886
13/16x1 w/33 901
Avetage 893
1x1-1/% 938
1-1/8x1-3/8 920
; 1/8x1 898
- Average 918

nal plate thickness,

. s .
------------
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P o b AL N HIRRAE R L Y N

(& TO LH%) AKD SUBZERO (-70° 70 «WO°P,) TIMPERATUNRS.

&

» Repert Ne.t Ar-15891
. G, WE 37 ea. PP Sheet 3 er 19
wt A0 721 at 0°
Ul Obllq\lity
- tantion BL. Oritioal Vel. RénarXs
3 lﬁ‘ﬁf&l B Jackspall oa PTP impacte with Oal, .50 pred.
1917 L
. 1402 o )
192‘3 : B B o L] :—-f:_—..ﬂ
W Backspall on PTP {mpacts with Cal..50 prej.
1855 e )
1831 _
1276
. o e e e, . .
. - . i:__.__—._ ;%
R L4 — =
318 ! Backepall en PTF impacts.
» S
k!in:.L _i L
713 |
o R
’ _;'.:—.{.;-_';'_.'_?.”_'—.:‘: X = x Eﬁ
o 248 B Backspall en PTP impacts,
T e
ST .
I ) T Il
T er
885
- 901 —
) ‘A*f_gtaxe 533
: R T
190
.58
[ kverage 918 e
i
!
Q
%)
.
[ -




APG 470.5/1194

L
copyY

RESTRICTED

ARMY SERVICE FORCES
ORDRANCE DEPARTMENT
ABZRDEEN PROVING GROUND
MARYLAND (undated)

SPOTZ-F

SUBJECT: Samples of 24 ST and 14 SW aluminum alloy aircraft arzor
Plate for Metallurgical analysis

T0: Commanding Officer
Watertown Arsenal
Watertown 72, Massachusetts

ATTENTION: Labvoratory - Major N. a. Matthews

l. In accordance with directive received from the 2ffice, Chief cof
Ordnance, Washinton (00 U70.5/15740, aPG 470,5/603, dated 18 Sapt. L,
Subject: "Shipment of alrcraft Armor Soaples to Watertown arsenal®) four
(4) samples are being forwarded to your station for metallursical
examination. The samples represent 13" thick 24 ST and 1L SW types
aluminum alloy plates which have been bdballistically tested both at normal
and subzero terperatures,

2. The ballistic resultas on the 1-1/2" thick plates reprasentod by
these plates are included in the two sumiary shcets attached harewith,
The samples may be identified as follows:

Plate Tempcerature
Type - No. Thickness Sample Size of Test
24 ST 3 1-1/2" 127 x 367 Normal
" 8 n n Subzero
14 sw 2 n f dornal
ft it " " Subzuro

3. It will be appreciated if a copy of the metallursical tes*
results is furnished this steticn as so~n as available.

FOR THE COMYANDING GLNZRAL:
G. G. IDDY
Cel, Crd. Decpt.
Director
2 Incls, - Suminary of Ballistic Results
4594 (26 Arg-o1l)
RESTRICTED

COrY
ISN3IdX3 LNIWNH3IA0D LV Q30nuudday
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REPROGUICEN AT GOVFRNMERT # ¥ i MGk

RESULTS OF EIGHTESN 3/4%, 1%, :nd 1-1/0% 1USW ALUMINUM ALLOY I7Liie

, M0 BURS? WG
. CAL..3C AP CAL. .50 AP CAL..30 AP Mp
PLATE AVG. M2 AT O° OBL. | M2 AT C* OBl AT O° 0O3L,
¥o, ™. TEMP , Navy B.L, NAVY B.,L, mi =2XIT Dl1A,
1 g4 | Hormal 1751 ¢ 1/% ax1/ue,
2 .12 Yormal 1809 1/“'11/3“;
3 73 ¥orzal 1779 1/4ux1/ L
Average 1780 7 . _
L i 3ubzero 12836 1/o*x1/2" B3
5 ;7& Sunzero 7179“ ] ) 7 - 51i6“19/32““4
£ .74 Subzero 1855 _ 1/&{;1/&'
AveraZe @ 1828
I 1.00 | ¥Normal 2096 1621
2 1.01 | Normal 2065 | 6
3 1.00 Rormal 2120 1641
Averare | 2094 - 1625 B
1.01 Subzero ) 2153 16h3
5 1.01 Subzero 2138 1634 €
3 1.01 Subzero 2146 | 16L4
i Average PRI 16U0
- - - .
1 1.49 Normal i 19L5
{‘ﬁ 2 1.9 Normal . 7 1954
3 1.u8 Normal 1981
- , Average 1950 )
i 1.L7 Subzsro _ 7 2026 L 7 7/16“:??
5 1.48 Subgero ) 2052 L 7/16"19}
& 1.u8 Subzero 20 B | 7/16%x9/
Averuge 2013
NOTASt i 1. All values cdrrected to nominal thicknes
2, Yalus sy rox{mate - difference|/betwesn ¥
I

7
£




,JsiyxCﬁfﬁﬁﬂﬁnFFﬂ;ianUViHNMFNTF%Fﬁwgé

@ ALMINIM ALLOY LSS TESTED AT NORMAL (L5° T0 55°F.) & SUB-ZERO (-70% to -LO®°F,) 'I"WERA'I'U."
dind

d AL ML A
B PURSY WG BURST
AL. .30 AP N2 CAL..50 AP M2 70 mw., AM BALL 20 mm, HE AT 17 ma, PP 721

. AT O% 081, 2450 AT P0Y OBL. 20% OBL, AT 0° OBL.

AX, IXIT DIA. MAX. BXIT Dla. CRITICAL VEL. PROTECTION BL. CRITICAL VEL.
o 3/ue prames o » _
Mbsxyfue, 1"x1* 4/Bs, 856 1872 Bacvay

by . ci e - Cﬁi. +
{unxl/Ln, 1931=1/ 16" @/B3, gL 199
fangl/ L 1=1/% mel-1/16", - 838 1879

7 Averauge 895 1893
[~ni1/an B3 1%x,- /8" BS 1010 - 1987 Backsp

= _ . S . - C&l- *

[ [18%x0/ 30 15/3€4x1-1/8" 977 2007

5 Mawxy/ue 15/1€ *x1-1/8* 1026 1965

é Average 104 19364

L o 1% PLATSS

1-11/16%x1-3/Lnd/3s] 1440 377 Bachar
1-7/8%x°% W/3s 1448 2301
o ~o1,/15%21=3/Un &/BS| 1443 2330
Averagze 1457 0341
1-15/1A%12% BS 1551 7523 Backen
~-1/L#ei=7/16" BS 1573 2551 i
N W=/ 7" BS 151 500
i | Average 152 2505 )
_ o M"PLATES |
7//1Clx\~’/i?l T 792
5 o BARSR T T T T T T ivelow 7190
° 7/1.‘:"77:‘('1 8141'
7/5&11/175‘:;5 L o2 |
7/1€9x9/15 910 2 T

0 | 7/16%29/160 933 2

- :ac to nomira} thickness.

e - diffarence|/between Ligh vartiu) wnd low couplete| denetrations greaper than 5C f/s.

i ey - —




(& SUB-ZEHO (~70° to <UOSF,) TRMPERATURES _

REPRODUGED AT GOVERNMENT EXPENSE

¢C em, HE AT
.0Y OBL,
ROTRCTION BIL.

17 mm. PP P21
AT 0° oW,
CRI1TICAL ViL.

ﬁm&m

172 Bac~arall on PTP lmmacts with
o | L&), .0 projectiles. |

192y 1

1879

1893 7
) ia—”_ Backsvrull on PTP impacts with
e e Cal, .50 vrojectiles,

XOT

3 ;.'cij' R - -

o e e

n3To Backsprall on PTP impacts.
,’“3,"1' o
T30
NELS _ 7
503 Bucvanall on PTP impacts.
) 2551 T
sTCs.
5 —
""""" BERREE 1
" lbelow 790 )
T gh1
B S §13 2 ,
) 910 2 |
) 933 2

netratione grea

Ler than 5C f/s,




HEFNisirntini.rye WILIY LIviviCien ey 8

_COMPARTSON OF 3/U4%, 1%, AND 15" MAONESIUN ALLOY Pl

Pty

C“lo-}o A? Calicso AP lucbhll Gu -
AYG, K2 at O® M2 at 0° Burst. Cal..30| B
BHN TH,| TEMP, | Obliquity | Obliquity AP K2 .é
Navy 3.1L. | Navy B.L. Max., K.D, !
34
i o , 'L
1 33R 13 |Nermal 1263 3/Mex3/Ue /8BS | 7/
2 " 3 [ 1258 3/uex3/ue w/Bs | 7
3 " .78 . 1259 5/89x3/4s W/Bs | 14
L | 3R .70 |Subgers | 1310 2 7/8%x7/8% W/3s | 15
5 ' JO_ | ¢ 1292 15/169x1¥ W/BS | 1-
6 . 73 . 1272 1/84x15/169 /39 1
_ , 3w
1| 57R 75 |Normal 1291 7/84215/16% /34 1!
2 | s .73 g 1286 | 13/16"x7/8%/39 1.
N 6 | ® 1295 | 3/bex3/umi/Bs | 1.
T ' i -
Y 525R .7% iSubrero 1300 L 3/U%x15/16%/Bg 1.
5 % IE 0 1312 7/89x13/16"4/39 1.
6 . ) 70 | ¢ RL)! 15/16*x15/16% /85
o 1° ]
1 | 588 -99 | Normal 1465 1094 7 1
> . 98 | " 1523 1090 ) 1
3 . | 96 | ® 1489 1098 1
4 | SR _+99 ] Subgere 1509 | 1093 11
5 . I 1515 1076 1
L6 . 98 | ¥ 1462 "2 | 1080 1
' , L
1 | 5258 | 1.46 | Normal L1361 E
2 . 1.4 | ® L 133 ]
> ‘ 1.48 ) . 1341 )
| ] ]

4 | 51 1.46 | Subrere 1 1368 R
5 . 1.4k . I 1387 < :
6 . 1.46 . S L) B !
NOTES: 1. All|ballistic valuep
: 2+ Difference betveen *14

|

|

|




REPRODIIGED AT GOVFRNMENT FXPENSE

(~70% to ~LO°F,) TEMPERATURES B B o (""}
‘ _
1 37 pa, PP Report No,: AR-15001
{ T21 at 0® Shest CA of 28
Obliquity _
CRITICAL ViL., REMARKS

B VS |
X
. )
. : '
.

Backepall edtuined onm all PF {mpucte.

— e
1
|
e !
i
}
i
[ -
1
i
e e
|
|

ME—

.- — t - - J
- - - : j
E' — = =1

CP at 812 37 mm FP TP°1 not acequate test for 137 plate.

|

L]
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REPRODUCEN AT GOVERNMENT FXPENSE

AAGNESIUN ALLOY PLATES AT NORMAL (€U® te 70°) AND SUBZERO (-70° to -LO®P,) TEMPERATURES

Muchine Gum Rachine Oun 20 mm Am., Ball| 20 mm HB 37 ==, PP
Burst. Cal..}0| Burst. Cal..50| at 20° Obli- |at 20° Obli~ T21 at O°
AP K2 AP M2 quisy quity Obliquity
Max. E.D. MNax. B.D. CRITICAL VEL. |PROTECTION | CRITICAL VEL,
B.1L.
4® PLATES OF TIPE
3/Unx3/ 4 w/BS | 7/89x1-1/8%d/ - Backspall obtained ¢
3/4ex3/4e w/Bs| 7/8%x1-1/8"w/B} 930
5/8%x3/%e ¥/B5| 1%x1-3/32% ¥/B§ 9ul
7/8%x7/8% W/BS 15/16-x1-1/16-1/ns 1006
15/16%x1% W/BS| 1-1/8%x1-1/u* §/BS 919
7/8%x15/16"i /B 1*x1-~-1/8* W/BS 97
3/4% PLATES Of SPSR TYPE
7/8%x15/16"W/B 1%x1~1/13%W/BS 1050
13/16*x7/8"/3{ 1-1/16°21-1/84Fs 1038
3/Wex3/umi /B 1-1/8*:1—3/16-1:/1;3 1052
3/u-x15/16-w/34 1-1/s-x1-3/16-iw/ns 1068
1/8*x13/16"%/34 1-1/16"x1-1/8*F/BE 1131
15/16"x15/16"ABs 1-1/8*x1-1/8M/Bs 1125
1* PLATES OF 525R TY L
1-1/8%x1-3/8%[BS CP at 681 — 20 mm Am. Ball not §
1-1/48x1-5/16"%/BS CP at €60 1316 '
1-1/4#x1~7/16"W/Bs 1278
1-1/4%x1-1/U*WfBS CP at 669 1391
1-3/8%x1~1/2"fBS CP at 662 1306
1-3/16%x1-1/4mi/Bs 1309
14* PLATSS OF 525R TYPE »
1-9/16%x1-9/ 16 /BS 1823 [cP at 812 37 =m PP T21 not ad§
B 1~5/89x1-13/16"/BS 179%  |cP at 864 |
1-3/84x1-5/84/Bs 1808 -
1-9/16-x1-3/h+/ns 1858
1-5/8%x1-5/8%4d/BS 1870
) 1-13/16"x1-13/16"4/BS 1894
'allistio valuey corrected to mpminul plate tHiskmess. —
irence Yetwveen kigh nartial and low complete fjenetratioms #ruter tham 50 (/8.




