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PR::::;FACE 

ON 

This study has been con ucted nnder N':waJ. Proving 
Ground "S xTJeriment a l Pro ·ect f PL-5 as am:,hori zed in Burea u 
of Ord a ce lett 8r l' P9/A9(Re3) dated 9 JanuEJ ry, 19Li3 n 

0 J -:CT 

To det ~rmi e t i e metal lurgic a l charActeristics of 
3" Cla A arrior plates a nd to ccrr e lat e t hese cl-iaracte.r-
i s i Cs w j_ t rl b b 11 i 8 t i C 1)8 r 1' 0 - !le. n Ce • 

llistic lLa.it det ermim1ti ons were na e on eight 
3" Cl 3 Ab ll'stic est plates with J" AP M61 projec iles 
at 20° oblic,uity. The p l a c s were s e ctioned for 1. etallu. -
g ical inv e sti ,< :. ion includ ·ng chemica l co- pos ition, tensile 
pro _er~i e , r ne s distribution, macroexa0ination and 
m·croexa ina ion, 

vari t i on in ballis ic quality w s found to exist 
we~ n iff r ent pat e s an· ov ~r t he area of a s i n le 
Thv m ximum differ ence in b 11 · s t ic limit v,a s 15% 

s 3" t' "'? 1~61 . ro j e c i 1 e s • 

An ex c e 11 en t ~ r 1 :) i o n w s ob e i n -~ b t e e n 
cil lis ic limi a nd har ne ~.3 d is .. ribut on ~ It is s hown 
ha l at e s . i h h i h s 1 r f e h r dnes..., nd ~ rd, 'eep 

chills t . v 1- i --h limit s a inst he 3'' ~ l proj ectile s. 

ii 

t 

• 
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r. INTROD.1JCT IO. J , 

For th e p :J '.":t t ~·o ea!' s n i ~1s :rss s ing amn 1.rnt of 
work h s s been done 1Jr.. te -=·t i:-1 ~; -.r-:, 1:'..c1l ,:1 3'' .' 1=> ProJe .., 1, t_,_es 

ga .i_ ns t. )'1 Clc1s s · _:: EP'rnor pJ at·~ Lic·: :,e i ruor m2t c:1 
has b ...,en · vr · l a b l 3 ,-: 1::, n" :-'.rL i -_ t hr:: me J.:1 i ur J_ ca l ch r &c: t e r 
.is t ic s or J1.a un L..,orr1.J_ , y of t he se te t let t.!S . ',11 th t his 
in vi ev1r i t wc s c _nsidr? re d des i :---ab l c to study sev 3:ra l ) ·' 
Cla ss 11

, '
1 r.nor 1) ~~· · e s s to chemiud c omposit ion, h· rd-· 

. . b t . h f . 1 ~ · 1 f " h ' .. f n a s s _s r1 J.on , ,]) •, o c. 1 , 1. e p-c1 o arc_ · a c~ , 
ten il tJ r ,per t i as , me crostr uc t ur a nd icros tructure" 

F l .,~~es we r e s u p l L, d a s 12 ,- b·- 9 ' -Pr o 9uctil c:: 
Te st P l\:1 t c;, s f o .1. a c c e Pt a n c e t e 3 t [ t t h 8 :? 1 a e u s er of 
th e r av• 1 "..:~ o~ving Gr oi.m. • 'I' l e.y \· 6r t:1 s :1 bs '1 u0 t ly s e ct i oned 
int. o }.E.:t ,;., J 1 ty J 1 to r t tJo t. c, ot ti 2 1.rmur Ernd I'ro j c t i.. l e 
La bor a tor V . h o f ·~ e 't1 l1 e re; the f' ::.1·i _e, re i,J •:11·t d 1 '°.Jr i n was 
carri ~d 0 1 • t : 

II 

rries t Cond i icns : 

Gun : 
Pr o ;e ct ile::s : 

J '' / 5 0 C fl L , i:fK , 1 ., Jo - 5 5 2 J • 
J" ! I61 . pro j 3Ct . l a s Dnu
f e ctur ed by B~ h l ~h~rn Stee l 
Co, (Beth o ;.ill , o . D_h · ·301) . 
20 ° 

The r e su l so~ ,llis .i c t Q ts , which a r e ,i ve n 
P3ne-in ,;; il in .~pp end i x , .

1 
r a sutlm8rizGd c:J l,..,N , 

tr a , i n on d 4-• '"' c ; e 1 i . i s r ., x r as e d 
of th Or v ic a l Cl as s Jlot l "c i s 
7 841 • 

. PL Mf , 
Pl Pl ~l 8 P J ~ tr r ion 

o . _ .f..£!. o ~ Lini t 

278 r; va l v 
2 9 C -rn ~- I l l. 
275 J rn - I l l" OVu 

290 '1rn. - I 1., 
279 c ,, rn . - 1 :..1. 
2 c , rn. - Ill . 

C rn . -11 • u bo v , ..... 
T 1 . • 

r 

' 

, r c t.: nt 
uo r Sk. 

~f e c i 
Ljm 't 

105±1 
1 ')7±1 
126 
1 0±2 
11 _2 



The plate ~uslity is specified in terms of two 
limits. The .,penetration limit" is the minimum velocity 
at which all of the projectile penetrat es the plate re
gsrdl e s • of the condition of tha proj ectile. The 
"effective limit" is 'the minimum velocity at which a 
complet o penetra t i on is obta ined with the projectile in 
an effective bursting condition. 

Phcito~;rephs of the br. llistic test plates and pro
jectile s ore included in A0pendix B. 

m !fi1'.2J:LURGICJ.L szr·py. 
11 J. mrp~ss nrcTRIBPI J ONS. 

Appendix C contains ha~dne ss distribution curves 
for each of the ple t e 3 te~t :3d. Th es e s h ow the varia tion 
of "Re" ha.rdn~;ss t hrough the cro '1 s. s e ct i on from f ace to 
back. 

The "chill" depth ~aa be en taken as the distanoe 
from t he f a ce to a point :!1ere thJ hardn vss di stribution 
curv a f 11s to a value of Re - 35. Similarly t ha "hard 
fac e" d pth, r e l at ,~ d to t.he m nu fa cturers• "undrillabl e" 
depth, is t h 8 dis :,a nce from t ·1e f ace to a hardn ess of Re 
- 50 on th2 cur ve . Th0s ar e more or 1 s a r itrary 
sel ect ions of hardness, but ex ne r ii:m ce he s shown thBt 
the 11: i s of the chill end the undrilla l e d pth s as 
det ermined b•r the menufa.ctur(jr·s' dri ll t sts are g nera lly 
located at approximately th A ~ val.u c.; s. 

1:.·10 oross-se~t ion s· mples of each plate w re gi von 
if f ar er t Macro-et ches; th fir st, an , mmonium parsulphEite 

etch to d · llneete t ~ deuta of ca l"buriwtion, th~ d pth 
of chi l an. the fl ow l i nes in th m t 1; an t d s cond, 
e hot- cid ddep etch o show u an macro-sEJgrogat.ion a s 
w 1 e flov.1 lin s . Ph to r a hs of th .... s e 0tched sect i ons 

:., i ven in / poendix D show normal s agr~ ati n - a wavy 
flow linos indica in the difficulty of uniform forging 
on t l: i s a uge of armor. Tha den h of c.nill c n bu a sured 
!rom . u rsul.phat. etched s e c ions as a ch ck on tha 
results obt ine d b' hardness m asur n s • 

.., 
-2-



Fhotomic r ogr aohs a r d iv a n ln ~.pp ".: n d. ix h' wh ich 
a e r c p1a s anta tiv2 of th 2 illicrost r uctur0 s of each p l a • 
In el l cas J s , tho fac e consists of m ny undi~so lvc d 
ca r bi c'l.- , s in A m rt ensiti c m tr i x. hi l t hu be 8k s . ow s 
a nor.r'L l fi . 1 t:1 s p.h E.: roidiz ,3 d st ri. cturd with i' (:J rrit u 111B t r- ix. 

------------------···--· 
Ch a~ ica l a na ly es we r 2 ~~ do n 11 oJat JQ s 

cl c k s ... i;c i 1 . . t L1 1~ m:1.n ufactn2 r' s r ·· _por -Cl. co. po ·tion. 
Det i l ·..; d r e sul f, i v 0n j_n : . pcnc1 ix F s :- o, on l y 1 inor 
iff e r -~ c a n t ~ ~~,~n j . P. L borrtor r 8 .nd uport Jd na -

1 s es . 'I'h 0 i: Y~,ica l oro n;_; r ti,:;~ wer a obta · nc on d 8CJ ;_l_a t 
a nd rc; por t o d i , J.-,p r en lx F . Th~ :·c s ul ·· u C 1L ,k '.; 11i e c l osd ~Y 
t he 1 LS ;..iv_n b· 1 ~ C .ir n uf'a ctu1 2r. 

Thu pGr 
mi n :., 

i .., n uc :i . c 

v ri - tlon ::.n 

c -::: nt O J lil l" 1_:; nil · r c -J n 11
' EJ fo e " c t a r-

.- r C n ;;.? s., di. · r i but ·_on. c urv .) ,..., :1 r 0 i nc l ud t.;) d 
o · · 11., r ,i n tl ;:; c h il l ~ . .. d ndri 1 l b l 

\.; d fie n u f C C lI' .; r I .;) r
1 I' i 11 C st • 

s i n ,• l 0 f ti 11 i ' p a"':- \.,, . '-'re 
va r i ~t ion i n pj r c • t ch:11 ~ r 71 

.J r c ,...: n ndr.' . l e. b l J . 

1.p )rd i x · r c nt ~ · n s S(" h,am ti c dr e wi n .. ,s of th0 
mEn uf' c urt:ir ' s nl e d ~ shmv·. 1~ m~.,~od of' S.J ct _;_ int_ or t 
s r. 11 t us 1 no ~ · t · or~ . fr o.r rv n l lur~· c · l 
s ,rn pl -··s v ..;r · 0:-·0 s ho, n ros ~a a r •, s . 

- J-

' 

r 

in " 0 f , ivu" 
o li½uiy, 
h h · h11 r 

£. en -

i h~ 
,:;,; P ,r 



c urv as shown in .!.pp 13 nd ix C. Th f::: se c urv ds B rv conside r dd 
t o b0 r 0· r ~s dnt 8t i v0 of th 0 3' x J' pl t '-' s fr o• ~h ich 
th . s amp l 0s wr r u tr k ~n. 

1'> PL Mfg. Penetre t i on 
PLJ'. TE Pl q t e Limit Ve l. 
NO . No. (% Sk .7 841 
hr oup 

278 7226 - 2 105± 2 
209 • 1· 6 ') 0 ,_J .) 107±2 
289 JJ29 11 2± 2 

Group B 

288 JJ6 54 115±2 
290 JJ 256 116±2 
27 5 JJ256 11 ±2 
279 J , 298 113_ 
2 0 JJ65 4 120_ 2 

For 8 S C i 

0r c e 
hi hf 

nc 
xi illil 

C ill, 
p ,a r C iJ 

on 
r n . 

is diffic 1-c to 
br ce t chill 

% Chi ll % Ha rd Ma x oFn ce 
Dupth De pt h I a rdno ss 
( "Re " - J 5 ) (B --5 0 ) ( ,;Re " ) 

- - C 

33 9 53 
32 12 52 
J2 11 57 

45 10 57,5 
34 17 58 
44 1 59 
41 1 5 .5 
50 1 58 

-s , :ay a vo bu~ n d i ide d 
h 1 ow 1 L : it V 3 1 oc it i s ' 

v J lociti '"' s . In r oup , 

8 V Q 

e 11 ha v a hi _,h 
J 1 hov 0 a 

or 
d 



Per Cont "Ho rd" is E. var y i mport vnt f 0 ct o r a nd a 
hi g h pc rc.ant 8€:_,d of llard" f 1CJ is J S"':Jlltic.Jl to obta in 
hi ~)1 bul listic li (:]. i t s. Tl i s i s conf' irmod by t h ,JS.., d e t0 
ond by the e xp ,~r i unc e of t 1d Ni:i v c1 1 Pr ovins Gr ound on 
othar ga ugus of Cla ss A a rmor. 

Ms xj :num Fa ce Hardnes s is impor tAnt a s shown by 
t h -.;, r ~: s u.1fso"flpTetft.rn ,\ PL 2"0"9° ond _~, PL 289" T h dS G pl t .J S 

h8 Vv a oprox iruot.3 l y t hJ S c ffi0 p r cont crd.l l 1- rnl pu r c ent 
"h ra ·; ohd hs v , a 5 ~~ diffe r e nc e in limi-c, . T: is diff or ·
ance ca n ba as cr·b~d to th d hi gh0r f e c 8 no r i nes s of Plc t o 
~PL 289. In e ll nr oba bi lity thdr ' i s cr it ice l hc r dnoss , 
d J~s ndont on the 0roj J ct il~ herdnoss , to which thu pl Dt e 
f a c d ~ust bo r Ai s 0d ln ord ~r f or th~ pl 0t e to h~v~ a high 
ba lli sti c ii r: it . If t hc1 ms x: ir.ium fa ce h a r d ne s s i s b C:J l ow 
this cr it i cs 1 hcn~ri n e ss; h J pl ,rt o wi 1 1 h e va a l ov; limi t. 
On t hd oth dr ha nd , it is b3li cvod t ha t v r l Btions in 
f a ce h r dn \:J::.:: s wi ll not 11 v ,.:- r.1a r k 0n. e f f .; c ts on pl nt 2 l imit s 
a s l ong r1s t h f n c 8 i s s1: f fici cJ ntly h c.. rd to br i3 a k up t hG 
proj cctil ;;; . Th s h,Jr dn d8 S of th0 c :1 p nd oft_ -:- nos e of 
Y' pro j l.'; c , il o s is ,., r;pr oximc.t oly R 55 w, i l ,:; th e . "' jority 
of 3" Cl ?ss A p l a t a s obtr i n 2d r ~c8ntly hc v J 8 f e e ~ ha rd
ne ss of P bout Re 58 . 

V 

Th 0 br lli ~tic t ~s t s on 3" c1 ~ss h l : t cs u gain~t 
3" .hP M61 pr o j :.: ct i l c s s how 1: wid o Vc· r i t i on i lL1it b 0 -
t .- ; n ;) l n t o : ,~.1. c:1 ;::; t . _;-d n d:i,f f ,.; T,H}t C I' .:)': ;:, i - ' lllv 

p l · t ,J . Th , mHxi mum v '1 r i ti on in pun .J tr. t · o_ li i i thd 
. ight pl r t~s i nv ;s ti got0d i s 15% wi h e % v ri t ion i n 
pl t 0s Dldn f r o a singl ~ l . rg~ ! l at J. - Th ~ vr ri i t 'on in 
" a ff c c iva 1

' lir.1i , t h:: t is , · n t h,:.. ·1ni um vvl oc i ty ot 
which n com ol c:t -.; r).__ r e.; t, - . n · s o b o i_n _; •,v i t J r o-
j 0c il ~ in . n u f ~ 1% 
b u ,_._, V j ! 1 t 0 8 

m 

0 i n i 

,, 

' 



of nt 1,, 1'.i flt Re 57 18 ' r!(Jllj r "ri g . s t 3" 1P ri1 pro j t•C
ti l c s . 

Ttrn p ,.:: r c ~n t c hi ll i s fo und to b u r -3 1. : tiv ..., l.y un-
1. mpo rt ,',1 n t in , --.; t Gr r · n l n v. b 3 11 i st i c CJ u 1 l i t ? ~ d . de v r i -
t ions in ch i ll hav~ li ttl e <J ff t.::c t on t hu limi ts of t hu 
pl· tcs ,~s l o:1 f: u s t h -.3 par c .:m t " h,1 rd" 0 ::1.d : a ~{ imum i' c e 
h nr d .,;; ss r r e r .._, S · rue . 
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41,57 M112v1 cos 9 
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e d 
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G Photo No. 1320 (APL ) -CONFIDENTIAL- 2J December 1943 

MACROETCHED CROSS SECTION OF MIDVALI 
J" CLASS "A" PLATE 

72~6-2 

(Actual Size) 

Etch A: 10% Amnonium Persulphate - Swab - JO Secs. 
Etch B: 38% HCl, 12i H2S04, 5~ H20 - 2-JHours - 160•1 

• Face 

• Chill Depth 
Etch A -

... • 1---.- 1' a o e 

Etch B -

Fig. 14 

I 
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o o 'o . l J l ( r1. - C I DE TI AL- 2 December 194 

r-VlCR ETCHED CR S SECTI ON OF CARNEGIE 
J '' CLASS " A" PLATE 

EE~ 

(Actual Sizt:l) 

Etch,: 1 0% Ammonium Persulphate - Sweb - JO Secs. 
Etch B : 8% HCl, 12% H2s04 , 50% H20 - 2 - J Hours - 160•F 

APL -

Face 

~ __ Chi ll Depth 
Et ch A -

----- Face 

Etch B -

1 . 1 5 

• 



I p 0 i o . l 

Etc 
E t 

Et ch A -

Etc B -

( t PL) 

ET 
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1 ' 

J II 

APL - 275 

) er 1 t.. J 

JE 

ct a i z 

a te - Swo b - JO SeJs. 
/ 0~ H2 - 2- J Hour~ - 160 °F 

APL - 290 

+-- Face 

~Chill Depth 

.... ~'-- Fac e 

. 1 
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o o o . l J J - C NFI DE 1TIAL - 23 December 191.,3 

MA ETC HED CR S SECTIONS OF CARNEGIE 
3" LASS "A" PLATE 

JJ298 

( Act ua 1 Si z e ) 

Etc h A: 1 0% Ammon ium Persulphate - Swab - 30 Secs. 
Etch B: 38% HCl, 1 2% H2S04, 50% H20 - 2 - J Hours - 160°F 

APL - 279 
----race 

~-Chill Depth 

Etc h A -

~--Face 

Et ch B -

Fi . 7 
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. GP o t o o . 1 (AP ) -C FIDE IAL - 22 December 194J 

MICROSTRUCTURE F FA E AN D BACK 
U.l" MlDVALE J " LASS " " PLATE 

7226 - 2 

Ma nif lcatl on l OOOX -- Picral-~ital Etch 

M- J6 

Fa ce 

M- 337 

ac 

Fl . 19 



NPG Phot o No. 1314 (APL ) -C l !FIDJ~ TIAL- 22 December 1943 

Ml R STR U 'T' TTRF. F IfAC E AND BACK 
OF CARt,'EGJE ) " '"'LASS "A" _,LATE 

EE6JO 

Magnificati on l OOOX -- Pic ral-Nital Etch 

M-1 60 

Face 

M- JJ8 

ack 

Fi . 20 



0 

NPG Photo No. 1315 (APL) -CONFIDENTIAL-

MICR OSTRUCTURE OF FACE AND BACK 
OF CARNEGIE J" CLASS "A" PLATE 

JJ256 

22 December 1943 

Magnific8ti n lOOOX -- Picral-Nital Etch 

M-)02 

Face 

M- JOJ 

Back 

Fig. 21 

, # . -



NPG Photo No. 1)16 (APL) -CONFIDENTIPJ.,-

MICROSTRUCTURE OF FACE AND BACK 
OF CARNEGIE J" CLAss "A" PLATE 

JJ298 

22 December 1943 -

Magnification lOOOX -- Picral-Nital Etch 

M-305 

Baca 

M-306 

Back 

,Fig. 22 



NPG Photo No. 1)17 (APL) -CONFIDlrnTIAL-

MICROSTRUCTURE OF FACE AND BJ.CK 
OF CARNEGIE J" CLASS "A" PLATE 

JJ654 

22 December 1943 

Magnification lOOOX -- Picral-Nital Etch 

M-)08 

Face 

M-307 

Back 

!'lg. 2) 



J • • 11GIL ';; ~ 0 1:'•· ,RnT· ~S OF FJ:'. CK 

CHILL T~.c;T ~T-~SULT ~. 

' 



C .l i. n'3 1J'.:sis : 

Pl 9t e C Mn p s Si Ni Cr. -
T- O. J2 0. 27 .017 . 022 . 07 3. 85 1. 64 7226 - 2 Midvq l e R- . 32 0 . 27 .016 . 021 . 07 .J . 86 l. 64 

,\ --:,L 0.30 0 . 32 .012 .026 . 07 J . 8 1. 61+ 

T- O. JJ 0 . 28 . 019 .025 . 07 3 . 91 1 , 9 ~630 Cr r nJ[: iG B- 0. 32 0~ 26 . 018 .026 . 07 3 .71 .l • . 0 

/ ,_ L 0 . 34 0. 26 .017 n 02~ . • 07 J .75 2 . 02 

T- 0 . 36 0, 21 .015 . 027 . 07 3 . 68 1 . 66 J J256 C;, rnoe i e B- 0 . 33 o. 0 . 014 . 026 .06 3. 68 l r66 
' " L 0 . 33 0 . 23 . 017 .022 . 08 3 . 5.5 1. 66 

T- 0 . 37 0 . 21 .014 . 028 . 07 J . 22 l . 45 J J 2 9 8. Ca r . ~ c i l;j B- 0 . 37 0 . 20 . 014 • J2 . 07 3 . 20 1. 41 
: __ L 0 . 35 0 . 20 . 018 . 02 2 . 07 J .18 1. 43 

T- 0 . 35 0 . 20 .01 3 . 030 . 09 3 . 68 1 . 74 JJ654 , carn Gg i e B- 0 . 34 0 . 22 . 010 . 026 009 3 , 70 1. 74 

.:.PL 0 . 33 0 . 21 .01 5 . 017 . 08 J . 65 1.74 



Ten. i l G Propor ti us of Enck: --
PL. tEJ .'i ?L -o . Y. P. rr • ,..._ • El on R • I'l • • ---

T- 90 , 000 109; 500 27.0 69 . 9 
7226 - 2 Mi dv, l e B- 90 , 500 110 , 000 2 /' . 8 3 . 5 

. ~ .. ~='J..; 278 90 , 750 108, 625 26 . J 67 . 4 

T- 831 140 107, 600 27.0 9 . 3 
"8~6 30 C[ rn e · i B 80 , 880 107 , 300 27 . 0 J . 5 

: ·L B 209 90 , 200 104 , 500 26 . i+ '7 .o I 

T- 81, 880 104;800 26 . 5 71.4 
JJ 256 Cnr negi e B- 80. 28•J 102, 100 27.0 71 .4 

:. ?L T 290 80 , l, 00 100 , 150 25. 7 73 , 9 
B 275 80 , 000 100, 100 28 . 6 72 . 5 

T- 81 ;140 106 , 00 26 .5 65 . 9 
J 298 C ·lrneg i e B- 85 , 08 0 109 500 29o0 6 . 5 

.', L T 289 84 ;900 105 , 00 26 .l 67. 5 
B 279 92,700 107 , 300 26 . .'.;. 6 .o 

T- 93 , 120 11 ,100 25 . 0 65~9 
JJ 54 C rne i e B 89 , 3 0 ll L, , JOO 35 . 0 4 . 7 

2 8 9 .750 110, 50 2 r l 70 ,5 
B 2 0 93 , 250 111 , 150 2 o4 70.J 



L.PL Chill - De th r- t " RC" 35) Chil l TJ :Jt usult s : ( / i, L Un d r i ! l bl 8 - D8pth s t " ,c" 50) 

Un - Un -;1~L Go uge Chill Chill drill drill Pla te No , (in.) ( in ) (;; ) - ( in . ) (%) -
T- 3-1/8 1-1/2 48 7226-2 Mid vol e B- 3-1/16 l- J/8 39 

,.'. ~L 278 J.2 1. 05 JJ . JO 9 
T- J-1/4 1-3/16 34.8 3/4 23 .1 :SE6 30 Cr• r na :g i e B- 3-1/4 1-1/16 J2 .7 5/8 19 . 2 

!~ PL B- 209 J .25 1. 05 32 . 38 11~ 7 
T- 3-3/8 1-1/4 37 ., 0 1/2 14 ,, 8 JJ256 Ct1 r ntJ .9,i e B- 3- 5/16 1-9/ 16 l, 7. l 5/8 18 , 9 

,,PL T 290 3.4 1.15 34 . 57 16 . 8 B 275 3.2 1. 1.0 4/+ • 5 , 17 .. 5 
'!1 - 3- J/16 1-1/16 33 ,J 7/ 16 13.7 JJ29? C .rne ,:, i t! B- J - 3/16 1-·1/2 47,0 5/ 19.5 

; PL T- 289 J .1 1.,0 J2 ') ') 10 .7 • .,I ) 
".J - 279 3.15 l. JO L,, l r 5 17.5 o ) 

T- 3- 3/ 16 1-7/16 45 ,1 1/2 ] 5. -J 65 4 Curw _;, i c:J - 3-1 / 1- 5/ 52 . 0 i/2 1 .o 
j ~. :21 T - 2 3.1 1 ~ L, 45 . 60 19. B - 2 0 J .l 1. 55 50 , 55 17.8 



,.rb on rr dLmt s : ( n s r up r t,J d by m nuf .ctur0 r) 

PL ·t G 1/8" ili: 1./ 4" B. ... ck 

rr, _ 1. 04 .5~ . J2 • 2 

722 - 2 1/lidv l o B- 1.03 .5 8 . 32 • 32 

1/16" 1/4" 1/2" l" Be. ct --
T- • 91 . 80 .40 . J3 . JJ 

:.,1~6 30 C rn\..; g i e B- 1. 03 1.08 . 1+-8 . 37 . 32 

'11 - • 92 , 99 ~ 0 . 34 . 36 
J,J2 56 C:i I'D (:; - i 8 B- l .J6 1 .20 . 67 . 36 oJJ 

T- . 91., l.2 J .64 . 38 , 37 
JJ 298 Cr r n e i e B- . 98 . 96 e60 . 38 . 37 

T- . 96 1. 0 1., . 72 . 36 . J5 
J654 C";rne , i e - . 92 1. 05 ,. 59 . 35 0 34 
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FOR 

MICRO-CARD 

CONTROL ONLY Rcprocluccd by 
' 

nrmed Services T eohnical Information ngency 
. 

ARLINGTON HALL &"l'ATION; ARLINGTON 12 VIRGINIK. 
I 



"NOTICE: When Government or other drawinss, specifications or 

other data are used for any purpose other than in connection with 

a definitelv related Government procurement operation, the U.S. 

Government thereby incurs no responsibility, nor any obli1ation 

whatsoever, and the fact that the Government may have formulated, 

furnished, or in any way supplied the said drawin1s, specification• 

or other data is not to be resarded by implication or otherwise as 

in any manner licensins the holder or any other person or corpora

tion, or ~onveying any rights or permission to manufacture, use or 

sell any patented invention that may in any way be related thereto." 
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