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Baport Ho, 642/12 
Watertown Arsenal 
Kx» 0. 50“A2 Jaimiaiy 7. 19^2 

arc m.mm of abhor 

Bulit Welds in l-l/2M Boiled Honiogeneous Armor Plate, 

The purpose of this investigation was to obtain data on the 

physical and metallurgical properties of butt jointe on 1-1/211 

thick rolled homogenoouB armor weldod with 25/20 and modified 

1S/S etaiulößs welding electrodes. Thee© butt Jointe wer© from 

b&llietlcally tea ted I-type test platee which were received from 

Aberdeen Proving Ground. The butt Joints wer© prepared for weld- \ 
lag with unscarfed plate odgess. 

0.0, 470.5/4881 - tf.A. 400.273/250 - 8/11/41 

(Appendix I) 

CONCLUSIONS 

In view of the fact that only three welded test platee were 

involved and that the welding ©loctrodes used and preparation of 

the plat© edges? wore not uniform. It ie believed that definite 

conclueions aro not warranted. The following statements chould 

therefore bo considered ao observations made from a study of the 

results and to apply only to butt welded Joint® l&M,/2tt thick 

rolled homogeneous armor. 
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1. Th® tensile stree-th of a Gfcraieht gap butt joint welded 

with a modified lg/6 gtainlese oloeferode, the plate odgsß having 

an applied root of weld metal on tinsofteaod flame cat tjcorf faces, 

io at least 102ÊOO Iba/oo.in. (tfwo test opecimens gave IO2600 lbs./sip in. 

and IOH70O Ibs./sq.in.) 

2. The tensile strength of a ntralght gup butt joint waldcd 

with a modified IS/S otainloBs ©leotrode, tho plate edges having 

an applied root of weld matai on flam© softened flame out eoarf 

facer, ie at i0afifc SjhOD Iba./aq.in. ('fwo tost specimens gave 

8‘ÿ^OO Iba^aq.in. and 96700 IbB./eq.in.) 

3. With a straight gap butt joint, having flame softened edges 

and an applied root of weld metal the yield strsngth (divider) of 
\ 

the veld with 25/20 electrode is greater than that of tbs weld with 
i 

modified 18/ß electrodo. 

**■ a straight gap butt joint having an applied root of 

weld metal the yield atrongth of the wold with 25/20 electrode on 

flajise aofteaed edges is approximately tho easae an tho modified 

18/8 electrode on uno of toned edges. 

5* The ductility of the modified 16/8 wold aofe&l is leec 

than that of the 25/20 wold metal. 

6. The pintes with flame softened edges had a lovrar hard- 

neee value in the heat-affected acme than tho plates with the un- 

eoftsned edges. 

7* Maoroexaalnation of the cross section showed that the 

heat-affected sone cauoed by welding on the unsoffcened edges did 
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not diSBipato the heat-affected trone get up hy flama cutting. 

8. Micro examination revealed a dendritic etructure through¬ 

out the weld metal of both modified IS/g and 25/20. 

9. A narrow martensitic band in the plate metal at the fusion 

line was observed. This band was slightly narrower in the spool- 

mus with xmßoftened plato edges. 

10. The grains of the 25/20 stainless weld metal and the 

modified 1S/S are of an average sise of .023 sq* mnu 

•Taraeo A. MacDonald, Jr, 

Jr. Pfays, Science Aldo 
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Welding Engineer 
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m'BOflIJCTIÖft 

Ia thfe» three Y-typö ahocfc test plates of l~lfP* thick rolled 

homogéneo«« armor examined, the ßtvdy of which In covered hy this 

report, the plate edges at fch© jointe vero gas cut and aot bevelled. 

In two c&eeu tho plate oâgeo were flam© ooftencd after g&ß cutting, 

fhc voided plat©« received vor© a® shown belowi 

Plate glgctrodg f>carfln^. 

A Anaorweld Ho 

B 25/20 Ho 

C Armorvfild Ho 

Plate Sdfe 
fflaroe Softened 

Yes 

Yea 

Ho 

?h® welded ploteo submitted for teats vero 36u x 360 x 1-1/2° 

Various test« were preecribed for the plate« and specimens cut out 

as shown in illustration® of ballistic tests. (Fig®. 31a, 32et 

and 33»'- ) 

ïhe various toot® to which the welded Joint® were subjected 

are a® follow«2 

1. B&diographio examinâtion. 

2. Physical tent». 

a. Wold metal t9n0il0f 

b. Cross veld tensile* 

3. Hardnesfi surveys of weld croes section©. 

4. Macroexamination of veld cross sections. 

5. Microexamination of weld Metal and heat-affected none. 

® *505 Specimen as shown in Speo. Q^-IÇIA Type 1 

* Sketch of specimen shown in Plate 1* 
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Radiographie ©zaminaîion wsr irnde of the welded Joints to 

determine the extent of veld defects and any indication of the 

effect of the shock test on such defects. After radiographic ex¬ 

amination, the flections from which the test specimens wer« to bo 

taken ware laid out as shown in Fig«. ?iai 3¾ and 33^ 

An index to the Barking of the specimens is given in the fol¬ 

lowing table. 

^latg Hardnoso* 

A m 

AS? 

AWj) 

B BH1 

BH3 

BH5 

C CHI 

CHÎ4 

CH5 

Croco cactions of the Joints wore polished and lightly etched 

In 1$ nltal for Imrdaess surreys. These hardness surveys were made 

on a Vickers Brinell hardness machina using a special Jig designad 

for making such surreys. After hardnoee surreys were completed, 

the specimens wore given a light PeClj etch for macroexaminâtion 

and raieroösaainötioii. 

tt tiardneos specimen wood for macro and micro examination. 

Cross Weld Tonsila Weld Ratal Tenon P Analysis 

ACTS-l 

ACTg-2 

ATI 

ATU 

ASC2 

BCT1-1 

BOTl-2 

BT*j 

BT'i 

SCSI 

CCT3-1 

CCT3-2 

CÏ.1 

0T6 

CCS2 
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RESULTS OF TESTS 
. —.— — . 

U was notnd on radiographic exaaiin&tion that many dsfectß 

were present in the welds. The meet prevalent defect wan lack of 

fusion between the nose beads and the joining weld natal. Orator 

cracks and lack of penetration wore the next most common defects. 

The tensile specimens taken transverse to the joint gave the 

results shown in Table ï. 

Table Î 

CKOSSS wms TjgSILg ggsgg 

Weld Yield* Tensile $ Klonga- í> aonga- 
Specimen ne tel gdflg Strength strength _tlon_lÜ —tion_S^ |-~^f 

Iflema 
ACT2-1 

ÆT2-S 

BCT1-1 

BCTl-2 

iS/g Softened 9^50^ 96.700 

lg/g H SI,300 83.^00 

Flame 
25/20 Softened S6.U00 111*^00 

Break in wold. 
15.O 7.5 Lack of fwsioii. 

Coaree dendritic 
15*0 ?o0 structwa. 

25/20 SO,700 105,400 

26.O I3.O Break in weld. 

24.0 12.0 Crater crack». 

22.0 

16.O 

II.5 

9.O 

CCT3-I 18/8 UnBOf tened 86»200 104,700 

GCT3-2 ).8/8 SO »000 102,600 

* Yield Strength hy divider method. 

The resulto of the all weld raefc&l tension tests aro given in 

Table II* The resulte shown In the table indicate certain incon- 

oiBtencioB in the teete that, on examination of th© specimen frac 

tur ob, appear to be due to defects occurring in the w©M metal. 

Break In weld. 
Slog inclu¬ 
sions, Qraek. 
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all \fHLu im'Al* Tmsih'k T^STS 

Stoecl~ Weld Sectional liold^ Twicil© îi'Slon- 54 fe“ ^ 
men Hotnl Areaaq. In Strength Strength .gation Auction 3äEMS 

Flame 
00,500 90,000 ATI 

ATU 

BT? 

BÏ5 

18/0 Softened 

18/S " 

25/20 Flame 
Softened 

25/20 

.2 

.2 

.2 

.2 

78,500 105.500 

9.5 

22,0 

77,500 953,500 1^-0 

70,000 93.500 27.0 

CT1 

o?3 

18/ß Uneoftoned .2 

10/8 " -2 

32.? 

37.2 

34.6 

BO. 3 

26.0 

Begul&r 
'break* S’ine 
Grains. Weld 
craolcR* 

Begular 
hreels. Fine 
Grains. Fu¬ 
sion in 
weld metal* 

Begular 
break. Fine 

27.4 grains.Cracfc^ 
in weld. 

76.500 99*000 27*0 

87.500 111,500 11*0 

* Yield Strength by divider method. 

It was noted that, regardless of the variations in sise of the 

heat-affected »onoe in the joints, the joint with uneoftoned plat© 

edges exhibited more ductility. It we« aleo noted in the epecitaen 

with flame softened edges that ©orne of the breaks started in the 

fusion gone approximately in the narrow martensitic band in the plat© 

and oxtendod into the weld raetal. ‘fable 2, ACT2-1 and 2, CÛ^-l and 2 

On inepeotion of the fractures of th© tensile specimone, it 

was observed that the all weld metal specimens had fewer dofecta 

than the cross weld spoclmens. 

^ It was observed In the hardness survey® of th® weld cross soc- 

tione that tho hardnew of the heat-affected aono of the Joint with 

flame out unooftenad edge© was slightly greater than the hardnosees 

of the heat-affected cone of the Joint with flame cut, flame aofteaod 

edges. However, the general hardness survey of the weld croes 
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fteotioa revealed no ôxôôrsívo hardness; that iß, th© hardness of 

th© heat-affected son© v/&ß not much higher than that of the plate 

oscapt in the narrow martensitic son© that showed a a&xiamm hard- 

nese of U25 to 475 Vickers Brinell. 

In the Kacroexanninationn of the weld cross sections, it wae 

observed that there were no cracks or defect« in the heat-affected 

»one« of any of tho speciaons, however, crater cracks, lack of 

fusion, and IfiClc of penetration wore oboervod as indicated in photo- 

macrographs. (See Pige, 1 to Iß, Photographe and Charte.) 

£he FeClj etch showed a needle-llke grain structure In the 

wold metal and a fine grain structure in the heat-affected «one®. 

‘Phe sir-© of the hoat-affocted zone of the joint with flame cut un- 

aoftened edges Î& approximately the eamo ae that of the joint with 

flame out, flam© softened edges. 

Wicroaxaraination revealed a dendritic structura throughout th© 

weld metal. ïraasgranular cracks throughout the wold metal occurrod 

parallel to the dendrit©© and it la quite probable that the occur¬ 

rence and arrangement of then© dendrites would cause ouch cracks* 

It was also observed that the grain oise around the lack of fusion 

defects doereased considerably in else. (Not# Pig. 24b.) Also, ih® 

modified Iß/8 weld motal contained some slag inclusions, while the 

25/20 weld metal did not. Th© narrow martenoitic son© in the pl&t© 

metal at the fusion lino gave way to a tough troostite structure in 

the hsat-affcctcd son® farther away from the fusion line, This was 

apparently due to the buttering technique used in applying the root 

/ 
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Of ih& donbXo V m 0ftoh TOccoedln„ wn1. . ^ , 
a ng weld ^»<3. changed the h©at- 

affocted *one of the Previo«, KttltlpI. n p088lbl(<i 

*'"■»«">•. «* ,.. put. ,. . „!nlou.. 

»ISCIJSSIßH 

»rp«. w „„ r(>port ,o te tnveiMwte tto ^utr 

““ ”M th‘ »" for »««,, „»„r. 
11.1...11.5 t«.h»l,n, retaran to th(>t ^ 

•■■..t « •»,»• of ,h. , ,h|! taK joiot^ 

■"i. *» tW., Me4 . aMtir, ,S/8 

lees electrode, and ® PH/pn 
3/ »sinless electrode. The compoeltiona 

of the weld raetel deposite are ne follow«, 

-S- -iîs_ «Si Jü. ^Çr m Mo J_ 

i,0d' 18^S " “39 U,^° '50 S.SO Iß. 19 __ #g0 

25/30 ~ *15 ^50 -7e ao.5i? 25.4s .60 .42 

Th” ”f '"><>. .Le 0. po„.ity ala 
». .PI»™.»- ...lously tt. „rter^e, of t„. ^ 

Jol».. .. H.Ul.,1. ak«k tMt 0. frm th( 6>u!>Uo 

test report. 

PUt" *. f.™ • ‘ï” Joint. 
t~ of th. Pi.«.. »... tu„ .of t.M 6ofo„ ths ,mm, of mH 

-tel ». P». ... tt. „„ pM „ la TOoh s ^ m m 

f"" “ ^19 *‘*‘ “« «it. «... teCTtt.r, 

Phyrtci «„«, .h„M tB. TOdlfi.a 18/6 t0 m 
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«oca for fal)rlcftUoa with this? Joint as the 25/20 eleotrodo due to 

its similar properties. Hardness value®» hoing lower wbon the 

fiara© ooftenad edges ar© used, docreas® the tendeneies of the 

platos to fora welding cracks. î‘hlô le shown "by the fact that 

the plates were welded without a preheat and no cracks wore found 

in the hôat-affíicted sonos. 

Gomp&ring those data with data obtained on other Joints welded 

with a modified lß/8 electrode, the straight gap butt joint uolug 

a root built up by the buttering technique exhibits properties ao 

satisfactory &a the double ^ and single V butt jointn. 

In view of tîi© proportion cbeorved In the testa, it would seosi 

advisable to say that for production the straight gap butt joint 

would be satisfactory providing adequate fusion of wold uietal to 

plate metal le obtained. 



a p ? a h d î c a s 

*• V *>• »•'* *»:/-.*NV.;--M • v,t?- 

.=, , P/áV S.,* 
^ w V •■; iv> - > . ' ■• • 
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APPENDIX I 

WAR WWSmWiT 

OFFICE OF W& CHIEF OF ORDIAHCS 

WA6HISÎÔÏOS 

O.O. 470.5/^1 August 11, 19^1 

Ind. Serv - Tank Dlv* 

QjjallfIcation Weld Testes of "Armorwald" Electrodo for 
Arroor Jlato 

Tos Commanding General 
Watertown Arsenal 

u Wat©rtown, Man @. 

Attn: U, Colonel S. B, Hitchi© 
Director of Laboratory 

1. In the month of July, Mr* B. J. Brugge of the Lincoln Floctric 
Company propared flv© welded tost platee at Abordoou as follows* 

a. Y joint In l-lfZ* Dloeton armor plate, flame softened odgoe, 
** no angular « car f leg. 

(l) Welded to get ballistic rcalntanc© of Lincoln 
ftAraorwel<!f to 37 and 75 shock. 

b. Y Joint In l-l/2w Dieeton armor plato with nneoftenod 
flamo cut edges, no angular scarfing, 
(l) Welded to got ballistic resistance of Lincoln 

11 Anaorweld*1 to 37 rslt3# an^ 75 obock. 

c. ï Joint In 1-i/ß” Biss ton armor plat© with Lincoln 
w 25-20} flame ©oftoned groove, no angular scarfing. 

(l) Welded to got ballistic resistance of plate to 
37 mm* nnd 75 mm. shock on Lincoln 25~20. 

d* T Joint with Lincoln ^Fleotweld“ (mild steel) electrode 
In l~l/2M Disston armor plato. 
(l) Welded to get ballistic resistance of mild steel 

with square Joint procedure. 

0. So called torture test consisting of slot in 1-1/2* 
Dtsston armor plate, welded with Lincoln ^rmorwold* ; 
flams softened single Vee groove, 
(1) Welded to get physical properties of weld metal and 

to note behavior of Joint in l-l/2H of armor welding 
from one side only. 

Aberdeen has been requested to send tho four Joints, a, b, 0 and e 
made with the Cr-Si electrodes to Watertown for sectioning, mechanical 

/ i 



SubjectI Qualification Weld Tests of ’•Araorweld" Klectroda for Armor 
Plat© 

toefcs and met&llurgloal examination of those parta which were not des¬ 
troyed or ooveroly deformed hy bailie tic firings. Joint d failed in 
ballistic test asid ie not being sent you. A detailed report oa the 
manner of welding wi 11 be forwarded by Aberdeen, 

2. After the construction of the first wedded Medium ïanlc at 
Hock Island Arsenal» Mr. B. J. Brugge proposed that preparation of the 
groove for welding bo performed without flame scarfing but with a but¬ 
tering operation, a description of which is inclosed,(A). It is believed 
that this procedure reduces cracking* of welds made with rtArrnorweld“ 
electrode. It will b© noted that the three Y Joints, a, b, c, welded 
with nAnaorv;oldM were all made without scarfing the welding groove. 
'These tests at Aberdeen were performed to qualify the Lincoln "Armorweld” 
electrode for welding tanks and consequently should have been prepared 
with grooves similar to those used on the first MJ medium welded tank, 
ïïovortholoss, successful ballistic tests of this tank at Aberdeen Proving 
Ground qualify the electrode. 'Phis office iß now taking g tops to place 
orders for welded tanks and a decision must be mado regarding the de¬ 
sirability of using edge preparation described In the inclosuro as com¬ 
pared to double Voo, siegle Voe, U or other conventionally scarfed 
grooves. 

*5. chief argument for ’’no edge preparation” is an increased 
amount of wold metal at the neutral axis of wold, heneo, lese dilution 
by the plate metal and greater ductility at this point. On tho contrary, 
a® is obvious, th© buttering technique requires more weld metal than is 
nececs&ry with single Vee grooves. Comparative data on thia are given 
in incloour® (B). 

a. îhe object of examining the Lincoln welded Y joints ia to ob¬ 
tain data on the strength and other characteristics of voids produced 
by tho buttering technique. It la belloved that the Arsenal has data 
on scarfed Joints prepared with an electrode similar to the tíArmorweld” 
typo for comparison, 'iho torture test weld joint prepared with ^Anaor- 
weld41 will provide data on mechanical properties resulting from a looked 
up condition without ballistic deformation and in a ©carfedsingle■ Ve© joint. 

4. It i© appreciated that the welded ballistic test plates, a, b, 
and c, contain many uadeformed areas for metallurgical ozamination, hence 
th© entent &nd nature of toots Is left to your choice. Hardnes® explora¬ 
tions across the welds and heat-affected sones» macroscopic and tniero- 
ßcopie examinations and chemical analysis of the deposited wold metal 
are suggested as a miniraunamount of work. Plate © will permit meehanical 
teste if judged desirable. 

By order of the Chief of Ordnance: 

(o/t) B. X*. CUMHIHG8 
Major, Ordnanco Kept. 

2 incls - Assistant 
X-(a) “Tank Armor Plate” 
2-(b) Comparison sketch. 
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TAWK AHWOa PLATE 

PROPOSED SQUABS TïPE W S L ï) J O I H I 

3. j. Brugge, EDgr. 
She Lineóla Electric Co. 



FKOrOOT SCJJAHK TíTZ ãOU? FOH v/EXDiKG ARMOR PliATB 

;r«ifss Sá^ -- - 
type of joint has many advantage. indlcato » Hmro out 

i«» »“ Sf”Lî: ;s‘"hSTIT.s* ;r ^ - to~ 
j weld, ¡«tal with lover yield «!ÏÂ «trength and low ductility, nad 
[Hoaßß all sfcraino are thrown on the wold ductlllty is uoeâ. 
are abeorhed or eotolisedT the ri<iid platc a3id 
2") that ta a. toS“Sa ,,¾ ' “14 W l" 

Beoawee of this it 1r w«n fn ., 
root of the wold. If only ,! 7 /R» ^ , °f V'?ld ffletßl ßt to® 
when it strstchea 1«m5 of l/â"' or io.l)lii0d the 1/s" ßaP fail 
on the 1« top aide « of 1« or ?er6fwold would atrotch. 
Sap ia eßsy L use ^ 
bocauao It 1.B not difficult to bridre a lS el if^f« vreldin«‘ 

« t”ä»:z.:rto e*‘ «.r»op 

s-ztäiä r s-:.“ - - -- 

rÄsrxzT“ s:“ ^ «»“ «»« p^... 

rSBiK-— 

piZ"Z«r”'ue:LZrä.rhr1r ,to"*h “a 

íSí.m?sto*ttVss»’á^rztgí,2r”’d°f T“iH ’''-'’"'p”1 
resulta. ° Ereaíly reduoed ^ a *««er weld joint 

,¾¾ 
;Í™ “‘’.f“«* “• j»««»« »SPtter a»4 th, r»,lon ™,. of to 
Joint «« 1, a „„anion h.fo„ mr pi,““ "0"° 



Begids 1. ?. and 3 aro applied 1) of ore strosts bead "a" is run. Stress 
o«&d pi Ab easy aná faßt to Bin beeause of small gap* 

tiniferw section of weld notai at all points in the weld, root io sane 
width m top of wold. 

It Is a remote posaiMlity that less ductile wold metal than the ex¬ 
pensive austenitic typo could he used with this type of joint hecauco 
of the ftdVftBtege® cited* 

SRQiilEO SOBS BftABS APPÏ.IED AND WILD SIDES READY TO BS JOISED BT FIRST 
BEAD LAID IN ROOT GAP. 

I 



rr.'L“‘ 
- ‘™‘“¡ 4» f »»‘1? % Sfî.r.îw'S4S »^“loïrt'iê'^'La 

2.¾¾ srrjLS-,«.^ 
ficiönt ÏÏ tvwA lain* ‘i 0 ö^ufrG JÖAnv» 'because it approachos the ef~ 
1olnt î'?fc d fot uee an5r roore weld metal than a ?ee type 

i.y ï,“4' ;”„r"H‘°ÄlÄi“°; r°re 
ir^'zäzxtZii: rh. 

wiU SrSir XeÏJr bßCaU“e °f Ühe opGn P««i«on weldera 
(InV?ee w ^ *Up aad vm9te ^11 1,6 h9ld ^ a minimum ., , ejoltit tho first passee would b© run with diß 

lïValZ r nTlLof tîls vrloneGr 2»ctS iiSd 
*i/l6 äin tho s<iu®f0 ^p® Joint no elactrodes amallor t.Vmn 

epied aw Si m* SqUare typo J°iat iwreaL wSng opsoa t.0oUu IV and reduce losßee of olecfcrodo atout 8$. * 

1. 
а. 

1: 

5. 
б. 

7. 

Summary of Adrantagaa of Square aVrie Joint 

Increases speed of welding atout l4$. 
Reduces root grinding and chipping to minimum. 
Kedueoe electrodo loss about 8p, 
Reduces aseembly jigo necoeeary about 30^. 
Kose beads are open to inspection. 

Sor/ltlV^10? mTi0B &re touehi5nod by heat treatment perore straiti beads are applied. 
Welders are easily trained for none build up welding 

‘ r*™" ?!»*» »“»0 i» »«ine ov.t bull píáí..*¡c.M0 piates caa be nested closer. 

(t) B.J. Bruggee, Welding Sngineer, 

ïhc Lincoln liloetric Company, 

dune 25, 19U1 



APPENDIX III 

Comparison of Cross Sootlonal Area of Lincoln Proposed 

Butt i/eld (no edge preparation) with Double and Single 
¥ee Butt Welds in 1-1/2» Thick Plate. 

Weld Grose Sectional Area 

Without With assumed 
Reinforcement Reinforcement 

eq. in» Bq. in0 

1.125 1.210 

0.784 0.809 

l.l4 1.23 
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FIG I 

X 

CROSS SECTION,AREA ^1 fPLATE ,,A,, (FIG SIA). FLAME 
EDGES. ELECTRODE,”ARMORWELD". SMALL CIRCLES 
APPROXIMATE LOCATION OF PHOTOMICROGRAPHS. 

SOFTENED 
INDICATE 

A - LACK OF PENETRATION 
B - LACK OF FUSION 
C - WORM HOLE 
D - BUTTERING LAYER 

W.A.639-3682 
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FIG 3 

X 2½ 

CROSS SECTION AREA $3,PLATE ’’A" (FIG Sia). FLAME SOFTENED 
EDGES. ELECTRODE,hARMORWELDm# 

A - LACK OF PENETRATION 
D - BUTTERING LAYER 

W.A.639-3683 
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X 2¿ 

CROSS SECTION AREA PLATE "A” (PIQ 3Ia). FLAME SOFTENED 
EDGES. ELECTRODE,',ARMORWELD,, . 

A - LACK OF PENETRATION 
B - SLAG INCLUSION 
D - BUTTERING LAYER 

W.A.639—3684 
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FIG. 7 

CROSS SECTION AREA 

lÄo^fs/IÖ FLAME S0FTENED- 

A 
0 

lack of penetration 
buttering layer 

( 
•i 

\ 

i 

W .A .639-3685 







no. 9 

X 

CROSS SECTION AREA $3,PLATE "B” (FIG 32a) FLAME SOFTENED. 
ELECTRODE,25/20 STAINLESS 

A - LACK OF PENETRATION 
B - LACK OF FUSION 
D - BUTTERING LAYER 

(SMALL CIRCLES INDICATE APPROXIMATE LOCATION OF PHOTOMICRO) 

W*A.639t3686 
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MG. Il 

X 2'5- 
CROSS SECTION AREA ^B.pLATE "n" ^rip r-. 

ELECTRODE,25^20 STMNLESS ^ AME S0FTENE:D' 

n ~ kM?ïr0F penetration 
D — BUTTERING LAYER 

W.A.639-3687 
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FIG. 13 

X 

GROSS SECTION AREA $ I ,PLATE ,,CM (FIG 33a) UNSOFTENED EDGES. 
ELECTRODE - "ARMORWELD” 

B - CRATER CRACKS 
D - BUTTERING LAYER 

(SMALL CIRCLES INDICATE APPROXIMATE LOCATION OF PHOTOMICROS) 

W>A*639—3688 
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FJG. Í5 

X 

CROSS SECTION AREA #4,PLATE "C” (FIG 33a) UNSOFTENED EDGES. 
ELECTRODE - "ARMÒRWELD" 

D - BUTTERING LAYER 

»•/•A ,639-3689 
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FIG. 17 

X 2¿- 

CR°SS SECTION AREA ^ 5,PLATE "Ç" (FIG 33a) UNSOFTENED EDGES. 
ELECTRODE - "aRMORWELD" 

B - LACK OF FUSION 
D - BUTTERING LAYER 

W.A.63^-3690 
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FIQ I9A ETCH.FECL X 100 

BOUNDRY OF BASE METAL AND WELD METAL AT FIRST BUTTERING LAYER. 
NOTE DENDRITIC STRUCTURER I LUT ION OF BASE METAL IN WELD METAL 
AND DARK NARROW BAND AT FUSION LINE.FOSSIBLY MARTENSITE. FLAME 
SOFTENED. 

FIG 193 ETCH,FECL X 100 

BOUNDRY OF FIRST AND SECOND BUTTERING LAYERS SHOWING PARALLEL 
DENDRITIC STRUCTURE IN MODIFIED IB/8 WELD METAL. 
DECEMBER 12 194I W.A.639-3706 
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FIG 2| 
, ETCH jFECL X 100 

BOUNDRY OF BASE METAL AND 25/20 STAINLESS WELD METAL 
AT FIRST BUTTERING LAYER. NOTE DILUTION OF BASE 
METAL AND DENDRITIC STRUCTURE OF WELD METAL. 
DECEMBER 13 1941 W.A.639-3709 



PIG 22 
ETCH PeCL X 100 

shrinkage 
PARALLEL 
DECEMBER 

IN R00T Z0NE: OP WELD METAL Mnrfr 
dendrites in relation to crack: E 

W.A.639-3710 
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FIG 23a 
ETCH FECL X ICO 

LACK OF FUSION WORMHOLE BETWEEN BUTTERING NOSE BEAD 
AND JOINING WELD METAL. DEC |3 1941 W.A.639-371 I 



FIG 24A ETCHjFECL X 100 

TRANQQRANULAR SHRINKAGE CRACK PARALLEL TO DENDRITES IN MODIFIED 
18/8 WELD METAL. DECEMBER 12 I 941 W.A.639-3707 



FIÛ 24b 

SLAG INCLUSIONS IN MODIFIED lô/S WELD METAL. NOTE SMALL SLAG SPOTS 
AT GRAIN BOUNDRIES. DECEMBER '|2 1941 W.A.63M708 
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FIGURE 25 

TENSILE SPECIMENS OF PLATE "A“. 
NOTE COARSE DENDRITIC STRUCTURE 
AND LACK OF FUSION. 

TOP ACT 2 - I 
BOTTOM ACT 2-2 
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FIGURE 26 

TENSILE SPECIMENS OF PLATE 
NOTE GAS CAVITIES AND CRACKS 

TOP 
BOTTOM 

BCT I - I 

BCT I - 2 



FIGURE 27 

TENSILE SPECIMENS OF PLATE "C". 
NOTE CRACK AND SLAG INCLUSIONS 

TOP 
BOTTOM 

CCT 3 - I 
CCT 3 - 2 

/ 
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FIGURE 28 

WELD METAL TENSILE SPECIMENS OF 
PLATE "A” SHOWING CRACKS AND 
QAS CAVITIES. 
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FIGURE 29 

“ önuwiiNU r I NE G 
STRUCTURE AND SEGREGATIONS. 

TOP 
bottom bt - 3 

BT — 5 

W.A.639-3695 



FIGURE 30 

WELD METAL SPECIMENS IN PLATE HCH 
SHOWING GAS CAVITIES AND CRACKS . 

W.A.63^-3696 
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WATERTOWN ARSENAL 

I l/2M ROLLED HOMOGENEOUS ARMOR 36M X 36". 1 Y" JOINT 
FLAME SOFTENED EDGES. REF# A.P.G. REPORT PI 15 AI 144. 
OCTOBER I,ig4l 

OF LINCOLN "aRMORWELD" 
HEAT $1844 
W-A.710-1437 

Fig. 31a 
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WATERTOWN ARSENAL 

I I/2*' ROLLED HOMOGENEOUS ARMOR 36M X 36". "y" JOINT OF LINCOLN "aRMORWELD" 
FLAME SOFTENED EDGES. REF! A.P.G. REPORT PI 15 AI 144. HEAT #1644 
OCTOBER 1,1941 W.A.710-1442 

3¾. 31b 



Fig. 32a 

WATERTOWN ARSENAL 

/2" ROLLED HOMOGENEOUS ARMOR 36" X 36" 
ME 1 

I I 
FLAME SOFTENED EDQE8. 
OCTOBER 1*1941 

ref: A.PoG. REPORT PII5 AII44 
"y" JOINT of LINCOLN 25/20 

*ie: HEAT ^IE32 
W«A »710-1438 
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WATERTOWN ARSENAL 

I I/211 ROLLED HOMOGENEOUS ARMOR 3611 X as1'. 
FLAME SOFTENED EDGES, REF* A.P.G, REPORT 
OCTOBER 1,1941 

MŸM JOINT OF LINCOLN 25/ZO 
PI 15 AI 144 HEAT #1632 

W,A,710-1443 

1' 1' 32b 
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WATERTOWN ARSENAL 

I I /2** ROLLED HOMOGENEOUS ARMOR 36” X 36”. 
UNBOFTENED EDGES. REF 5 A.P.G. REPORT 
OCTOBER 1,1941 

HY" JOINT OF LINCOLN ”aRMORWELD” 
PI|5 AI 144 HEAT $1857 

W.A.710-143© 

Fig. 33a 
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WATERTOWN ARSENAL 

I I/2” ROLLED HOMOGENEOUS ARMOR 36" X 36" 
UNSOFTENED EDGES. 
OCTOBER I.1941 

ref: a.p.g. repor- 
"Y" JOINT OF LINCOLN "ARMORWELD" 
PI 15 AI 144 HEAT ^1657 

W.A.710—1444 

Fig* 33b 
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