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WiLDlMO 01 .liMOI 

Metallurcical wmin~t1on of Sample• from Balli1ticall)- T11ted 
Unionmelt Weld14 1 !" Plate, Hev York Air Brake Coap&DT, lo. 47 

O:B.110'1' 

To exa.mine u.mpl@a from leg veldt of 1ubJ1ct plat• and d1temine 
whether reported incon1i1teney in bal111tie performance va1 due to 
~1tterenc11 in metnllurr,ioa.1 1tru.ctur1. 

S~ 01 RISUL'fS 

1. lo significant difference in hardne11, macro1tru.c\ure, or 
microetru.cture of the two l•~ vel41 wa, ob1ened. 

2. Balliatio cracking oeeune4 principall.}" in the h•t-affecttd. 
zone near th• fu,ton line. Similar coar,e-gra1n•4 • icroa,ruaturea 
eon1i1ti~ of high temperature tran1formation product, and con114er­
able free ferrite were ob11ned in both lee wll.4• in \hie region, aD4 
" nick-break fracture tHt lhoved a coarH cryetalUne fracture throucb 
thia area in the ball11tioal.l7 undalla,;ed leg wel4. 

3. Part of the bal11,t1c fracture wa, a11ociate4 with a lt.aina­
tlon in the ar11or plate, but it vaa not po111ble to 41terat.n1 whether 
thi• condition a.tfected the eztent of balli1tic fraotUN. 

,,JfJ ~ 
S. A. BerrH 
let Lt., Ord. Dip\. 
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U1'l'RODUCTIOI 

Two ~ample• from New York Air Bra~• welded H pl&te No. 47 were 
reeeh'ed. from J.berdHD. Proving Ground. Aa explained in the bade 
ecrr11pond1nee (App.andu A), the plate di•playtd definite ineo111httn07 
between the two leg weld• during balli1tic te1tin«, and it va• re­
que1t1d that a metallurgical examination be carried out to 1ee 1f an, 
difference in the metallurgical 1tructure wa1 eTident to account tor 
thi1 incon1i1tenq. 

Welding material• and procedure, and r11ult1 of radiographic and. 
balli1tic te,ting of the Plate were reported in Armor Teet Ho.AD-754, 
22 July 1943 by the ProTin& Center (Armor Branch), ~berdeen Pro•inc 
Ground. 

The plate wa• welded vith four hand pa11e1 at the root, depo1ited 
with Lincol:l Ar,iorvtld mang11neu modified 18/g @l.nd two Unionmtl t 
pa11es, one from each 1id1 cf a 45° included angle double V beTel, 
with Linde Oxweld 42 au,ten1t1o electrode, on Carnegie 1111noi1 
l-1/2 inch thick rolled homogeueou, armor plate of the follovinc 
a.nalyeil: .25 C, 1.09 Mn, .19 S1, .57 Cr, .87 lti, .20 No, and .002~ J. 

The plat• wa, Juc!ged unacceptable in veld radiographic report 
becau,e of a 3/8 inch veld metal craek at Junction of right lee and. 
cro11bar and 1/8 inch weld metal crack at lett end of cro1ebar. 

The first b~llietic iamact (75 mm . T-21 proof proJectile) hit 
on right leg 7-1/2 inch•• above cro11bar a.od produced 17-5/8 inch11 
ot ~eat-&fftoted 1one oraokinc. 'l'h1 ,econd impac, hi, 5/8 inch rtcht 
ot left lq 6-5/S inche, belov ero81bar and pro411ced 4-7/8 inch•• ot 
heat-affected ion, craokia«. A third impact hit 3/4 inch left of 
left le~. 8-1/4 inch•• abo•e cro11bar, produced 18 incbe1 of heat­
affected zone cracki~ an4 extended crack below cro~ebar to 5-7/8 inohn 
all heat-affected zone. 

'fiS! t:.'.!DliLS AND PROCIDURI 

'?he 1ample1 reo•1•e4 for exa11ination were taken fro• the rich\ 
lee throu«h the fir1t impact and fro• 1an un4&Mce4 portion ot the 
lover left leg. !ht right leg aample, ooneiatinc of one piece tro• 
each 1141 of th• ballhtic fracture, v111 photographed to ,how fraotun 
eurtaoe and a 1peoillea wae \&ken throu«h the weld for bardne•• eune,, 
IIAOl'oetablnc and • ioroeoopic exulnat1on. 'l'he left l•c 1a11ple waa 
notched with an abrae1•• wheel and fractured aoroe1 lhe ve14 Joint 
vi th a •harp blow of a ehu hulmer. A umple va• ,bell takea lhro,ach 
the veld for hardnHe eun17, mcroetchinc, and a1croeooplo e:uatuUoa. 

- 2 -
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1. 

DlTA AND DISCUSSIQI 

:&u.mination of i'nctured Surface, 

P'i«u,rt lA h a photograph of the eurfaoe of the b&l.lhtic 
fraotur, of the •am~l• fro • the right leg veld. Moat of the frac­
ture 11 in the veld heat-affected ~one of th• armor plate parallel 
and within a fw hun4red.tb.1 of an inch of the veld f1111ion line. J. 
part o! the fracture e%ten41 into the armor plate alo~ a 1helf paral­
lel to the plate 1urface for a d11ta.noe equal to th• vid.th of th• 
veld heat-affeoted sou (approximately ~/8 inch) and then break• to 
the back 1urfac• of the plate at an a~l• . The 1h•lf appear, to be 
alon« a lamination in ih• armor plate•• 1hovn in licur• lB vhiah 11 
a photocrnph of a aacroetohed 1ection taken thro~ th1t part of the 
ballt1\ic fraoture. '!he appearance of th• maoroe\ched 1urface tn­
dioat11 acclJ)\able 1teel quall~. The fractUN near t~ point of 
impact 1hov1 no tip of plate metal defect• and 1\ it i11p<>1tibl1 to 
determine whether the lamination affected the pro~tion of the bal­
littic fraoture. 

Picuz'e lC it a photograph of a nick-break fracture 1urfac1 
throu,h the veld Joint of the eample from the left le« veld which 
va1 not damaced b7 ballhtic impact. The entire heat-atfected. sou 
1hon a cry1ta.lline tTP• of fracture 1urfac• vi th larc• faceh aear 
the veld. fua1on line 1A the area corre1pondinc to \k"iat of the path 
of ball11tic failv.r• in the rioit leg euiple. J. orr1tall1n• tn,e 
frao\ure i1 tn,ioal ot 1teel vhich h of unau1 \able ••talloeraphio 
1tru.oture becauH of inadequate hard1nab1li ty or unaut table heat 
tr1atment and vh1ch tend• to fail brittlel.7, without 4etorat1on, at 
relathely low enerc, v,uuH under 1nere ball1tt1c iapaot. 

2. Macroy;aalna)loa 

Jigure 2J. it a photogrAph of 1Mcro1tched oroH •-otion thro\lCh 
,ample fro• rlcht leg veld. Ficure 2B 11 a y,hotocraph of aoroetchecl 
Hction throucb left lee veld. lo sipi!ioa.nt dltfereaeH are ap­
~aren\ betveen the maoro1\ructure1 of tM \vo lee wel4a. 

J. Bard.nHI hff9! 

JS.«ure 3 •how• re1ul h of Vidcera hardneH • lll'T91• on polhhed. 
1urfacH of oro11 aeotiou taken throu,:h 1amplH fro• MCb. lee veld.. 
lo 11,;nitloant dltferenee1 are appannt between hard.De11e1 of the weld. 
me\al, heat-a.tfectet 110n1, or ba1e plate of the tvo lee veld•• 

4. Mioroauinailoa 

Micro,oopic exaainatlon of pol11h14 cro11 ••otiou taken fro• 
the tvo lee veld.• ln4icate1 no 1ir,nificant diff•r•aa•• ln •1cro-
1,ne\ur11 betvHn th• tvo ltc weld.I. Al lhOVD b1 the photoaicro­
cnJ)h of ftcv.r• 4, the 1truoru• ot the heat-afteete4 son• of Nall 
lee weld., ln tbe area uar t.he futon Un• vhtob correlJ)OD41 to tbe 
rec1on of er•'''' 'b&lll•tlo oraalnc, con1l1\1 of hlch tru1tor-.­
Uoa teaperatv.re oarb14e• vi \ll a larc• uoa\ of frN terrtM.' 

-) -
I . , , ,., , .. , .... 11,,1, ,Jo. ,,,., , ,.,.,_, _ __________ _. • ., .. -, .. ..... ,,. ,,, -r_,_ ,,, "'" '"""" ···~ ,, 
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Wil DXPARTMKll'r 

iliBDDI PROTIID OROOID 

MARTLAID 

...... .. r"f~ :111' .. ~ ,~-G. 470.5/1162 -:! ,.;"~~~a!l ... ~-- · a-:-::. ,· .. ,_. . ·"·•r·~.-,~ .. •••~,/ .. 
Armo'r Branch 

&tb/J11 
'ht. 4165 

20 Aw._1.11t 194J 

Subject : SBJ!!plee from New Yl')rlc Air Brue 'iftlded Plate Ho. 47 

To ! Colll!!IAn41n« Officer 
\ia ter tovn AreeDAl. 
Watertown, Mau. 

Attn : Colonel Cox 

l. Thh 1tat10n 11 at,1r,p1r.~ to ',!atertow A!'llenal tvo 1upl•1 
from New Yortc Air Bn.ke welded plate llfo. 147, 1'h11 plate on b&l• 
l1et1, testing dl1pla1•d definite ~neo~111t1nc7 be\veen the \vo 
leg velde. Saaplee ha•• been cut from each o! the l•c veldt an4 
labeled 47a tor th• 1aaple t.Alc•n from the rilht leg and 47L tor \he 
•ample talten tro• the left l•~· 'l'h••• eample1 hPt b11n forvar4e4. 
to Watertown Ar11n&l !or metallurlieal exutna,toa to 1ee if there 
11 a111 di!f1r1no1 in the ~etallurgi.eal etructure of the weld• vhioh 
would cau11 thit incon1i1tena:, . 

2. The reeult1 of the te1ting nf th111 plate~ wa1 reported 
in Armor T11t Repor\ No. A~754, rrt vhtch Watertovn Ar1enal r1ee1Te4 
a COl'7. 

3. It 11 r1qu11ted \hat metallur~1ca1 1u.atnatlon be oon• 
duot14 on th111 plat11 an4 the f1n4ing1 11nt \o \hi• 1tatlon tn a 
letter report . 

1or th• Comman4tn« General: 

(e/\) G. I. Phlltp1ea 
MaJor, Ord.. D-s,\. 
Ohl et, Armor lraaoh 

. - . ·····-··-"'"-----------~----------------
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ltcn: 4~ picral followed by 
1~ chromic acid (electrolytically) 

P'IGURJ: 2A MACROITCRED CROSS SJ:CTi i:N THROUGH RIGHT LEG WELD SA!•lPLI 

X2 Itch: 4,i nicral f'ollowttd by 
10~ chromic acid (~l~etrolytieRlly) 

FIGURE 2:B MACIOETCHED CRCSS SECTI OT T11 RO TTGH LiF'l' LEG "1.i:I.D SAMPLI 
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,,eld metr.l 

Pi.era! etch 
Right leg weld sal!ll)le 

X250 PicrAl etch 
Left leg weld grunnle 

FIGURE 4 MI CROSTR'JC.TURE l~ F'JSJON LrnE OF LAST PASS 
i-iIDWALL or PI..A':'i: 
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