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,401b C Ex-f,€riment.al 1-1/2 Inch Thick 
Rolled Homogeneous Armor Plate 

OBJECT 

To determine ballistic shock performance of subject armor as welded 
with a commercial austoni tic electrode and an experimEmtal forri tic 
electrode. 

SIBviMARY OF RESULTS 

1, Two .4o% C 11 H11 Plates woh~od with a commercial 19% Cr, 9% Ni 
austenitic electrode (no preheat) anci. t he 't1sual type of butt weld e.rmor 
,joiD.t design, showed excessivo ballistic cracking in tho weld metal im
mediatel:,' adjacent to t he wel0.-plate inturface. A .26% C 11 H11 · ple.tc with 
e.n ic1.ontice.l weld jotnt clesign f o.il ecl in a simile. r manner b:r fusion zone 
ere.eking. It is not believed that t he so failures u ero assoctated with 
base metal composition or properties. 

2. Two , 40% C 11 H11 pJ.a.tes welr=tecl with the same austoni tic electrode ( no 
preheat) a nd having e. weld jofot rlesign modified to (1.ec:cea se susceptibility 
to fusion zone failure ha.d extremely goon. ballist,ic shock resistA.nce. A 
.265"6 C "H" pl1:1,te similarly wel~.ed also performed exceptionally well. 

3. }Jone of the austcnitic woldecl "H" plates (four .407b C and two 
.25% C) pas$ed rn.cUographic inspection, but none of t he radiogrr.:phic 

.defects nppenrod to influence ballil",t i c performance. There may be a 
greater tenr.ency for development of fine weld metal cracks (not clis
cornible tmtil radiogrnphic inspection) during welding of .4o% C steel, 
but this crackin::; should be avoidable b;y slif;ht l!lodificA.tion in the 
welding technique or elcctrocle cor:rposi tion. 

4. Two .40% C 11 H11 pla tes welded with an alloy (276 Mn, .4~b Mo) 
ferritic electrode with a stainless type coating showed very good, bal
listic shock• resistance. However, it was necessary to preheat these 
plates to 300° F. in order to nvoid wel<l. metal cracking in the ro~t 
bead passes. 
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Il::'I'RODUCTION 

An i mpor t ant consicleration in t he specification of a r mo r for Or cLr1a:icc 
fabrications is weldao ili ty, ou t sinc e a l • ost any st ee l can oe we:1..de d 
satisfactoril~,· ·prov i ded enough precauti ons are observ ed , the adoption of 
exact specification limits for armo r t o b e welded by p r acti ca l co mmer cial 
pro cedures ::.s a difficult ma t ter . Since increa se in carocn conteEt of any 
stee l is accompanied b;r a decreas e in tl: e ease of wel ding , a ma:x i;nwn 
carbon con tent is a yi rimary cons i deration . In ac c ordance wi t h tho b est 
opinion of industrial representatives a nd Orc',nance Depa rtment perso nnel 
a limit of . 3056 max imum C (ladle c:.nal::;s i s ) has "been actopted in the s;,ec i
fi cat ion for armor plate; Steel, Ro lled, Ho:nogene ou s (.A:CS- 1.:.SS ), which 
covers a ll armor over 1/2 inch gage which is to l,e fe.ori ce.tecl by • etal 
a rc welding. 

T:iis limit j_s b elieved by man~' t o be an unnecessanr restriction on 
steel-maldng pract i c e and best balli s tic prqpertics of armo r fo r ce r tain 
app lica tions . The establisl:i..!!wrt t of the .3o~b C limit vas uncloubtedl:,' in
fluenced. by t he knowleclg e tna t ,1..rtderbead cracki:1g d.ifficul ti e s incr ease 
markedly with hi gher ca rbon co n t en t s in ~,ardena-o le alloy steels welded 
with heavily coated ferri tic electrodes. Since t h is t ype of cracking 
has b een demonst.rated to be a ssociated with the c ellulos e and mo isture 
contents of the electrode coating (l) thi s cons ide r a ti on can be discounted 
for welds made with electrodes having suitable (li r::e o r titan ia base ) 
stainless e lectrode t ~vpe coatings. 0!1 t i:.e othe r hand, it ha s been sho,,m ( 2 ) 
that t he tendenc·y to dev eJ. o:,o int er granular 11 hot t ears 11 in the weld h ea t
affected oase Lleta l of ver;y h i gh carbon a nd alloy steels ( .52 C, . 6 Mn, 
2.5 Cr, .6 Mo) necessitates preheating even wton · welding with austenitic 
clectroc:1.es. 

Recent evaluations<3, 4) of shock p roperties .Jf a nu.rnber of Helded 
armor join ts indicate that b2.llistic ::; ho ck :ailures in current. a r mo r 
compositions can be associ a tell with definite metallurgical and joint 
design factort', none of which are associated c:1.ircctly with exce s sive 
carbo n or alJ.o~r content of the armor plate. ~1/hil e a numb er of armor 
weld.ments have oeen made froI:1 relatively hig:1 ca rbon armor JJlat0 

(1) 

(2) 

(4) 

Report No, 1iA.L 642/115, 11Arc 
Metal Cracks Associat~~ with 
S. A. Herres, 12 June 1943. 

~
1!eldin€; o: Alloy Steel s-. - Stud;'r of .Base 
Effects of Arc ~'Tel ding Process, 11 

Rep ort Ho. ~:fAL 710/542, "Armor and Welding - lJ!etallurg::. cal :.%camination 
of Armor anc1_ 1:-Tel ded Join ts from German PzKw VI Tari..:.C, IT P. V. Riffin and 
S. A. Herres, 23 February 19h4, p. 11. 
Report Ho. "t'ti\L 648/5, 11 3valuation of Shock Properties of Welded Armor 
Joints - .Examination of Sar.mles from )3 Commerciall:r 'Jelded, .Ballis
ticall~r Shocli:: Tested 1 H' Plates, fl S.A. Herrea and A. M. Turkalo, 
10 June 1944. 
Report Ho~ iv.AL 643/6, "3',aluatj_on of Shoe~ Prop erties of Welded .A...rmor 
Joints at Subnormal Ter.::;Jeratures - Examination of Samples from 31 Com
mercially Welc1..ed I H' Plates J3allistically Shock Tested as part of t he 
1942-1943 Canadian Cold Test Program, fl S.A.Herres and A.M. Turkalo, 
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(e.g .• 50 C Cr-l-1o-Va homogeneous armor , series of .42 C Hn-Cr- Mo-Si armor 
H p lat es ba llistically tested during wir.. ter of 1942-1943, and present 
grades of aircraft armor), the circumstances of welding and t esting have 
not pe rmitted adequate comparisons "i th b a lli stic sho ck performance of 
armor grades covered by Specification .A.XS-488. The purpose of the s ubject 
investigation was t o determine bai listic shock characteristics of 1-1/2 
inch thick rolled homogeneous armor of approximately . 4o% C as welded with 
commercial austenit:i.c electrodes and an experimental Mn-Mo :ferritic elec
trode having a stainless type coe. tit)€ . 

DA.TA. AND DISCUSSION -
Primary Armor Test mta 

Steel of 1-1/2 inch g~e for test pla tes was procured f rom Republic 
Steel Corporation from a heat of tYJ)e NE-874o with a check analysis of 
.405% C. - Complete data as to ch emical composition a nd n rocess ing , together 
with results of ballistic tests of unwelded plate, are given on the first 
data sheet of Anpendix A. This steel had a fracture t est rating of n 
(small laminatio.ns present but well distribu ted and not concentra ted in any 
one plane; no lamination exceeding 1/2 t.he thickness of plate) which in
dicates relatively good steel quality. As heat treated to approximately 
269 Brinell the steel was entirely satisfactory in primary balli s tic tests 
for penetration and shock • 

. For · compa.riso!l purposes, 1-1/2 inc..l-i. gage Jones & Laughlin Mn-Mo 
• 26~j C plate was used. Complete data as to chemical composition, processing 
and results of primary ballistic testir.g of t h is steel are given on the 
second data sheet of Appendix A. Fracture test rating was B, and as heat 
treated toEpproximately 277 ~rinell, the steel was entire~v satis:actory 
in primary ballistic tests for uenetration and shock. 

~vel,2-ed Armor Test Data 
' 

On Charts 1 through 4 (Appendix A) are tabulated welding procedure 
and ballistic test.. data for the six .40% C a~d the two .26% C H plates 
fired under this program. Also inc;luded. in_ Appendix A are a key to tabu
lation methods and symbols and a sunv,nary of curre1,t specification require
ments (AXS-497, Rev. 5, Decemb~r 1943-) for H plates welded with austenitic 
electrodes. There follows a nat':rative discussion of the welding and bal
listic test program. 

•' 
The firs, w~J.d:J.ng was attempted Ni th a lot of an approved brand of 

19% Cr, 9% Ni, · Mo modified electrode. It was found impossible to deposit 
the ro ,)t of the weld because of excessive root bead weld metal cracking. 
Subsequent tests proved that this electro~e could not even be used for 1015 
steel a.nd the shipment was returned to the electrode manufacturer who re
ported (Wtn. Fil'e Mo. 470.5/9180) that the core wire of this shipment was 
outside their specification for the Cr-Ni ratio. Plate WA:l. was partially 
welded and scrapped in the course of experiments with this electrode brand. 
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Plates WA2 and WA3 ,.,rere we lded with t he e l ect ro des anc:1_ 1•.reldi ;1g :pro
c eclures bdicated on Cha rt 1 (A:.Jp enc1.. ix A) . Jo i !1t desi g n is s:10,.m i n more 
detail on extract from W.AS-2 Forms (Append i x A). ':'he joint set- up ancl 
1.,1el .:li!,g proc edure \,ras selected b:: t h(3; 1Ia t e r to,.m Arse~12,l repr esen tat ive 
and l1ir. A. J. Raymc; , ,,,ho super~,-ised the weldi ng of t:1ese two ::o l a t es at 
3aldwin Lo co ITiot i ve Works, as t ypical of t!:e b es t armor weldin6 p ract::.c e . 
Tl,e use of nose b eads at t he r oot of t !1e we l d was intendoc1- t o r;liEir:iiz e 
weld metal crack ing in this zone. 

On be:. llist ;i c s ho ck t es ting at Ab erde en ? r oving Groc:.n c1_ exces2ive crack
i ng developed in t ~e fus i on zone of the we ld ( see Chart 1). The n l at es 
were 1.1.nsati sfactor:· on radiographic inspection cecat:s c c f sr:-,al l Hel e_ octal 
cra cks , ,,,hi ch were no t cl etected. during welding . These c r·acks f_id no t ap
p ear to i nf luence t he p atl1 or exten t of balli sti c frac ture i n any ,-,a~·, 

The :plates wer e returnee. to iiatertm,,n Arsena l Labora toq' for examL1a
tion. ?igure 1 s h o1.,1 s a ::1acroetcr',ed transvers e sectio n throusl: t ne ba llis~ic 
fr a ctur e, an edge photograph of a b2_1list i c f r a cture ( weld metal side ), and 
a macroetched section t hroug.l: an unc~a!laged p or tior:. of t he welo.. . 3end f rac
ture t es ts* were made on bars t aken across w1damaged section s of the welds 
in t hes e :olates . ~!1ese -b.srs ren roC1..uced t he 'b2_llis t ic i' r a ct1-1r e 1·1r'. i ch pro
ceeded a l mos t entirel;.r t :·u.- ough 1re ld met2,l, E·:_n1J r oxi::iately . 002 inches f ro m 
the bo nd metal. A t h in s cale cf weld meta~ was vi s i ble on the nlate metal 
side of t:1e fractur-e ( see Fig,_rres 1 and 2). T'.1is t ;rn e of fail~e has been 
iden tified in t,,ro other inv est i ga tions of sarr.:ples f ro r.: co mmerciE,11? welded 
ar:nor joints (5), a;,1cL found to proceed through a n e_rea where very f ine non
metallics are nrec initated parallel to t ~e fus ion line in eustenitic weld 
me tal (Figure 2). This condition, ,,,h.ich ,,,n::_ 'be c":_i scussed more f uHy in 
e, fort r..coming report, c1-oes no t awoear to 'be r e l a t ed. t o t he ca roon content 
or he.rcl_enabilit:r of t :.,e ex:nerimental .4o1; C armor plate. 

Almost ideri. tica-l :fractures were o:::ita ined in bend fr a ct,tre tests from 
joints macl.e with ·sir.iilar joint ' .desi gn ancl_ welding proceclure in Ca rnegi e 
and Jones & Laughlin armor :platesof apJ)roxi::iately .26~~ C. An attem})t ,ms 
Dext made to improve t he 'bend fre_cture b~., che,n ges in t he joint design . 
The use of a 60° rat::pr than a 45° i ncludect angle a_id no t cha nge the type 
of failure. The use of larger beads (3/16 instead of 5/32 inch diameter 
electrodes) at the weld :plate .junction for both crowns of the c'l.o ti:'o l e V 
joints, did effect cons iderabJ. e imnrovemen t 1rnth fer • 26~J C Ca rnegie 2_nd 
Jones l: Laughlin and the ex:perime~tal • 40);; C armo r p lates. A f1-irther 
improvement 1!1as ~ough t abo u t by grinding additional bevels (1/4 inch Hide) 
at the top corners of t n.e ' cro,ms, 1:rnd continu ing t he use of the 3/16 inch 
diameter electrod.e for the corner beac'1.s. Photo graphs of t '.'1ree bencl frac
ture bars from this series of ,,!elds are shown in Figure 3. The imp rovement 
is o'bviously a result of relocating the stress-conce~1trating notch, which 
is unavoidably :present at the jun ction of t :i.e Helcl_ anc'l p late surfaces, 
so that faihire is not initiated. in the f ;,;_s i on zone,a.nd. of breaking u:r the 
straight line fusion zon e contour observed in the photcrnacrographs of 
Figures 1 and 2. It is ·well esta'blishea_ t hat if ballistic cracking is 

* Test method described in Appendix]. 

See Footnotes 3 and 4. 
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forced into tough austenitic weld metal or pronerly made a rmor p l a te, the 
extent of failure will be markedly reduced. 

It was therefore decided to weld t,10 additional H plates of . 4o% C 
experimental armor with the improved joint desi gn developed in th'3 bend 

- I ( fracture tests and two H plates of • 26~- C Jones & Laughlin armor see pre-
ceding section on prir.mry armer test data) - one with joint design used ou 
first two plates and one with improved joint design. Two H plates (WA5 
and 1·lA6) welded at Ilald1.-,in Locomotive Works were not ballistically tested 
because small weld metal cracks disclosed in radiographic examination were 
unsuccessfully repair welded. 

"H" plates WA9 and \Wl of • 4of, C Republic armor plate and plate \fA.12 
of ·.26% C Jones & Laughlin armor plate were welded at Waterto\,rn Arsenal with 
the improved geometry described in Charts 2 and 3 (Appendix A). .To int de-
sig;1 is shown in more detail in extracts from WAS-2 Forms (Appendix A). 
.Plate \lAl.O of .26~ C Jones & Laughlin armor was welded with the sam~ crown 
bead technique employed for plates WA2. and ·i;oz:A.3. 

On ballistic shock testing at Aberdeen Proving Ground. the Jones & 
Laughlin plate with original joint geornetriJ developed excessive ballistic 
cracking in the fusion zone, while the two experimental .4o% C and the o~e 
.26% C Jones & Laughlin plates me.de with improved joint geqmetry showed very 
superior ballistic shock resistance. The maximum length of cracking was 
3 inches for any one of a total of twelve impacts placed on the latter three 
plates with 75 mm. test projectiles at 1200 f/s velocity. 

Figures 4 through 9 show photographs of the two Jones & Laughlin and. 
one experimental plates after ballistic testing; ma.croetched sections through 
ballistic impacts; ma.croetched sections through undamaged portions of welds; 
bend fracture tests from undamaged portions of Jones & Laughlin welds; and 
nick-break fracture*. The limited depth of ballistic cracks which appear to 
have initiated in the tempered band at the ~uter edge of the weld heat
affected base metal. and the favorable bend fracture for plate with improved 
joint design may be noted. The nick-break fracture test was made for com
parison purposes and will be di~cussed in a lat.er section on ferritic welds. 

None of the austenitic plates was sati~factory on radiograpnic in
S!)&etion because of small weld metal cracks and incomplete fusio~ which 
were not detected during ,,relding, but these defects did not affect the bal
listic shock test performance. It is probable that an increase in carbon 
content of the base metal would tend to increase root ·b~~d CTaC'king, and in 
accordance with the current theory on this subject(6), a decrease in nickel 
content or an increase- in Ct PT ?10 contents of the filler metal would 

' tend to. compensate for the increased C pickup and improve this si tua
ti"tJu. The ~se of Mo instead of Mn modified austeni tic electrodes would 
be a desirable first step. Also, slight modification of the welding pro
cedure, such as use of heavier root bead passes, might be effective. 'rb.e 

• 
(6) 

Test method described in Appendix B. 
Field, A.L. 1 F.X. Eloom, and G.E. Linnert (Rustless Iron & Steel Corp.), 

. 
11 Progreaa Report on Dovelopment of Armor Welding Electrodes: The :&ffe-ct 
of Variations in Cr-Hi Batio and Ho Content of Austenit1c (20 Cr-lO Ni) 
Electrodes on .Froperties of Armor Weldments," OSRl) 3034, Serial M-1S2, 
14 December 1943. · 
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f our plates welded at Watertown Arsenal wer e held to a. 150° F. maximum 
interpass t emperature and DJ.lowed to cool to room temp er a ture ov er ~igh t 
between the three successiv e days of welding on each p l a te, which practice 
nm.y have increased weld metal cracking tendency. 

Two 1'H 11plates, W.A.7 o..nd '.•TA8, were welded at :Baldwin Locomotiv e i'Torks 
with ferri tic electrodes. The Hei.rnischfeger AW2C el e c t rode with stainl es s 
typo (lime base) coating was used. Preliminary welding on p l , ,te WA4 in
dica ted th£1..t a 200° F. prohee.t was insuffici ent to provent excessive wold 
matal cracking (detectable during welding) and this plate W'E+S abandoned 
after being pr.rtially welded. Tho supervisor of welding r e search for t he 
National Research Council was consulted since his office has sponsored a 
large amount of developmen t welding with this electrode . 1'-!r . H. J. Zoog 
of the N.R.C. Welding Research Staff was appointed to supGrvise welding of 
plates WA7 and WAS. The two plates were welded with a joint desi gn and 
welding procedure ( see Che.rt 4 and extrnct from '.~AS-2 Form - Appendix A) 
selected by Mr. Zoog. A preheat of 300° F. and an int erpass temperature 
of 350° - 400° F. were maintai ne d during this welcling . Results of firing 
tests 2.t Aberdeen Provi ng Ground indicr.ted very excellent 1J e.1J. is tic shock 
resistance for both of t he Jil2.tes ( seo Chart 4 - Appendix A). A photo
graph of one of the plates e.fter ballistic testing is shown in Figure 10. 
Photogr aphs of a macr ootched section, and nick-br eaJc ancl bend-fracture 
specimens are shown in Fit,-ure 11. The bend-fracture sho\1(8d wold motA.l 
failure aft P-r considerable deforma. tion. The nick-br eak test was made to 
see if the relatively high preheat nnd interpnss temperatures bri.c'l caused 
loss of toughness in the heat-affectec. zone (as a r e s ult of slow cooling 
after being heated above the critical hardening tempen,ture dui·i ng the 
welding operation). However, compe.rison with the nick-break fracture 
specimen for the austenitic weld (Figure 9) indicates that this very severe 
test developed no cryste,lline (slack-quench, shock-cleficient)structure 
in either weld heat-affected zone. The ferritic weld metal itself developed 
only a very small amount of crystallini ty and may therefore be judges as 
relatively tough. 

Plate WA8 passecl radiographic inspection, but WA7 failed because of 
3/4. . inch of incomplete fusion. This defect ha:,1pened to be in1Jnedie.tely 
adjacent to ballistic imµ,. ct Ho. 2; so three tre.nsverse section~ 3/4 inch 
wide wore taken through this impact, mncroetched ancl pho to6 raphed ( see 
Figure 12). The clofect may be observed t>.t the root of the weld in two of 
the sections. Tho severe ballistic impact 0.icl. not initiate crE>.cking at 
this defect. 

GEHERAL COMMENTS 

It is evi<'tent that ballistic failure of .4o16 C exporimental 1-1/2 inch 
thick rolled homogeneous armor plnte welded with austenitic electrodes is 
of the same type as that occurring in armor pla te of .26% C and may, there
fore, .be ;.1inimizea. by the same precnuiions which shoulcl 'be user. for welcl
nents l:le.cle with current e..rmor compositions. · Very excellent ballistic 
shock perfor:nance was obtA.inml for 11H11 plates made with tho subject' .4o% C 
arn or nnd no .ten(lency for ballistic fn.ilure nssociated in any way with the 
hardened weld heat-affected base metal observed. 
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A probable tendency for increased root bead cracking of austerri tic 
weld metal during the welc1-ing of high carbon onse me tal may b e disclo sed 
by radiographic inspection. It is believed tha t such c:·acking may 'be p re
vented by observing estaolished principles with regard to C-Yi-Cr-lfo 
'ba lance in chemical composition of the weld metal. 

A tendency for increa!'led root bead cracking of alloy ferri tic welc . 
metal when welding the .401;, C armor plate may be prevented-by utilizing 
slightly higher preheat and interpass temperatures. Very excelle!1t oal
listic shock l)erformance was obtained for H plates of .40;; C e.:>..1)erir.iental 
armor 1.1elded with Hn-l:1io ferri tic electrode having a stainless-type (li::ne 
base) electrode coating. 

Results of bend-fracture tests permit qualitative prediction of bal
listic shock performance of 1-1/2 inch thick H plates. 

Minor radiographic defects which caused H plates Helded 'lL"lder this 
program to be judged unsatisfactory on X-r~y examination did not affect 
location or extent of ballistic cracking. · 
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.26 C J ONES A~O LAUGHLIN ARMOR -45° DV B~VEL -
GEOMETRY IMPROVED WI TH LARGER ANNEALING BE ADS, 

0 40 C REPUBLIC ARMOR -45° DV BEVEL 
GEOMETRY IMPROVED WITH LARGER ANNEALING BEADS, 

,40 C REPUBLIC ARMOR -45° DV BEVEL -
GEOMETRY IMPROVED BY BEVELING CORNERS TO 
GIVE A 67~ 0 ANGLE AT CROWN. 

WATCRTOWN ARSCNAL 

r1G. 3 BEND BAR rRACTURES or I½ INCH THICK ROLLED AUSTENITIC HAND WELDED ARMOR PLATE 
SHOWING tNrLUENCE or WELD JOINT GEOM~TRV ON PATH or rAILURE. WTN.1 21-595 



... . . 11o·. +""' 

WA-10 H PLATE 
115 AUSTENITIC 
VELOCITIES AS 
1944. 

~AT ERTOWN ARSENAL 

I½" J&L ARMOR, STRAIGHT GEOMETRY BUTT JOINT DESIGN, WELDED WITH MCKAY 
ELECTROq~~// TESTED WITH 3 ROUNDS 75MM T21 PROOr PROJECTILE AT IMPACT 
SHOWN. HTTT INDICAT ES LOCATION AND EXTENT Or ~RACKING. TESTED 4 AUG 

28 SEPT 1944 WTN.121-591 

~- .. '\ ·~ .. --~ .... --. ~". 
... ... .. • .... ~".. .. • t "' ,. 



Ma.croetched transverse section 
through ballistic fracture. 

Bend bar fractures. 

Maeroetched Sections and Bend Bar Fractures from 1 1/2 Inch Thick 
Austeni tie Hand Welded • 26% C Jones and Laughlin Armor 11 H11 Plate 
WA-10 - Initial Joint Design. 

figure 5 
WTN.639-7463 

I i ••- ... 



WA-12 H PLATE I½" J&L 
~USTENITIC ELECTRODE. 
VELOCITIES AS SHOWN. 
4 AUG 1944. 

WATERTOWN ARSENAL 

ARMOR, IMPROVED BUTT JOINT DESIGN, WELDED WITH MCKAY AS 
TE STED WITH 4 ROUNDS 75MM T2 1 PROOF PROJECTILE AT IMPACT 

INDICATES LOCATION AND EXTENT OF CRACKING. TEST ED 
28 SEPT 1944 WTN,1 21-59 2 



Macroetched transverse section through 
undamaged portion of weld joint. 

Macroetched transverse section 
through ~allistic cracking. 

Bend bar fractures. 

Macroetched Sections and Bend Bar Fractures from l 1/2 Inch Thick 
Austenitic Hand Welded .26% C Jones and Laughlin Armor 11 H11 Plate 
WA-12 - Improved Joint Design. 

WTN, 6 39-7464 Figure 7 

.·, 



WATERTO~N ARSENAL 

WA-9 H PLATE 11~ 0.40C C, EXPERIMENTAL ARMOR, IMPROVED BUTT J OINT DE S IGN, WELDED 
WITH MCKAY A5 AUSTENITIC ELECTRODE. TESTED WITH 4 ROUNDS 7 5 MM T2 i PRO OF PROJE CTILE 
AT IMPACT VELOCITIES AS SHOWN 4 AUG 1944 ----- INDICAT ES LOCATI ON ANO EXTENT 0~ 
CRACKINQ. 28 SEPT 1944 WTN.1 2 1-590 



Macroetched transverse section through 
undamaged ~ortion of weld joint. 

ir ;i,:1 . 

Macroetched transverse section 
through ballistic cracking. 

1,, ·,.__,,,,, 
t . 

Nick-break fracture. 

Macroetched Sections and Nick-Break Fracture from 1 1/2 Inch Thick ~ 
Austenitic Hand Welded .4o% C Republic Armor "H" Plate WA-9 - Improved 
Joint Design. 

Figure 9 
WTN. 6 39-7465 



WATERTOWN ARSENAL 

"H" PLATE ti" 0.40~ C EXPERIMENTAL ARMOR WELDED 
AW-2C ELECTRODE. TESTED WITH 5 ROUNDS 75MM T-21 
I JULY 1944 

. ' 

WI TH HARN I SCHF"EGER 
PROOF" PROJECTILES, 

WTN • I 2 1-583 

f"IG, 10 



Macro19tched transverse section through 
undamaged ~ortion of weld joint. 

Bend bar fracture. 

Nick-break fracture. · 

Macroetched Section and Fracture Specifilene from 1 1/2 Inch Thick 
Ferri tic Ha nd Welded .4oi C Republic Armor 11 H11 Plate WA-7. 

WTN, 639-7466 
Figure 11 
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WATERTOWN ARSENAL 

SECTIONS THROUGH ~REA OF INCOMPLETE PENETRATI ON AND ADJACE NT BALLISTIC IMPACT IN 
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Firing Record. 

AP:P:EHDIX A 

data for primary armor test pla tes . 
. 40% C Republic 
. 26~i C Jones & Laughlin 

Key to tabulation of H plate uelcling procedure and 
ballistic test data. 

Specification requirements for H plates welded with 
austenitic electrodes. 

Tabulation charts of Firing Record data for eight 
welded H plates. 

Fo:r,m No. 'W.S-2, Sheet 1 for 1'!A2, WA8, and. iiA.9. 
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Ord·. Dist. PH ts1rnrsrh 
IM!lrn ARMOR DATA-~'OC!I. mllil 

Ftn lNG RECORD NO . ~tti.0.51. 
MFR . Standard Steel Sprin1g PRIMARY CONTRACTORS A 21053 

LOG. Corao:pol 1 s , Pa.. DATE 9L23L43 
SSl%11"1CATION 

DATE Sept. 21, 19l~3 ~ S , Soec. A 9c. ~ • "· 

Fire under AXS-lJ.8g SHP. VIA-:- lai?~ TRK. 
N. El?l'; mZJCERIE ~ ( 

TYPE_ oas~~ 
I· ; 
~ ' I 

0 
SAMPLE PR IM . . ol ·-

~ l ACCE PTt\NCE 
0 PERTAINS TO VErllCLE OR PAR 1 BALLISTiC RECORD z 

PROJECTILE OBL 
TH ICt,NESS LOW G. HIGH P. 8.L. SPECIFIED SHOC!< PTP f~EMAF<f<S - NOI\I. ACT. Ll ~ IT 

1~7 mm M74 AP no 14-11 1169 1~91 n25 I 

1o50 11 , ..... 
l71i mm T21. oo 1250 12'12 Mediwn Bulge I 

1~7 mm M74 AP 12'1i;6 'iEx. dia. 2-~/32 2 oo 2~1,0 
f. 

:t 
75 mm T21 OD 1400 1~9; 2-3/16. ~~~,~~ 

~ -
3 1,7 mm M71!. AP oo 14'10 1412 14~1 1J~2 

~edium Bulg: 
i. 1.51 11 

175 mm T2l oo 1255 1248 
137 mm M74 AP oo 2550 51.;fj Ex.dia. . 2-3[16 x 4 

i, 75 min T21 oo 14o6 l'i67 ,~-5/32 . ~d.ium ,, ~- .... 

7.7 :rmn M74 AP oo 14-0~ 1180 l~CJl n12 I 
'O- 5 

s. 1.l~9 11 

75 mm T2l oe 1242 12'1'1 Medium Bulge 

I. 
17 mm M7l~ AP oo 

I 
2'1110 2~6~ ;Ex. ,ia . 2-15/32x6 

75 mm '1121 oo 1~q4 nCJ4 2-1 2. ij~~iwn , ge._ 
--FOLD--

o · CHEMICAL COMPOSITION - % r:?-~- Ar,1 r PLATE NO. 
z 't: . RA~ ~ 

- C. MN Si s p CR Ni Mo V B HEAT NO. l(i j PATTERN0~SERIAL 
I 0. 0. 0.0 0.0 o. P F I 

2 0. 0. 0 .0 00 0. PF 2 

3 0 . 0. 0.0 o.o· 0 . Pf s 

4 0. 26 L70 0.21 O.OJ.6 0.0 1g ."'lb ·o. Tr J1142-1 PJs SCJ 1142-1 T-l 4 

5 0.26 1.. 70 0. 21 o.cn.6 o.01q . 7io o. Tr Jll42-1 6X St"-T l l 42-1 N-:-~ 
.6 0.20 1 .. 70 0. 21 0.016 0 .019 . ~6 0. Tr Jll42-l l l:)jf SCJ 1142-1 B-1 6 

d PHYSICAL PROPERTIES (I)Esr ®ASSED OR @AILED z 
T.S. PSI Y.P. PSI ELON.% 2'

1 
R.A .0/o !ZOO B. H.N. PLATE SIZE- 1-1/211 - I / F. 

I B. HEAT TREATMENT 
·- F. 

r-;:n~l:/f ~~~ 2 B. I TEM~ F COOL.ANT 
F. Cl,RBURIZEI 3 A 8. ONE SIDE 

4 F. 277-285 B B. 
5 F. 277-285 D. 
lo I I': 277-285 Harden A 16r;o 1-7>/ ~ 1½ WatE1r 

8 . 
COMMENT S : ·Draw B 1200 2 1½ Water 

C 

Signed and Notarized - 21 September 1943. D 
E I 

- ARMOR DATA- - FORM NO. C.A S. NO 2 , 

N. 8. TO, BE FILLED IN ON TYPE WRITER l CARBON BACKED l OR BY HAND USING INDIA INK ~ .. 
SHEE T_OF_SHEETS. 
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Key to Tabula tion of 11 H11 Pla t e 1'Te lding 
Procedure and Ballistic Test Da ta 

Armor Data 

B. 0. H. 
:B. :Slee. 

basic open hearth. 
basic electric 

Joint Design 

DY - double vee 

Deposition T;y-pes 

Figure i s hows how the weld is broken up into root, body, and 
crown t Y:'.) es. Passes are cUvided into t\\/o kinds: (a) layer, 
if pass bridges the gap,and (b) bead, if the pass does not 
bridge the gap. 

~allistic Results 

H 
F/S 
L.L. 
R. L. 
CB. 
LOO. 
R 
L 
X 
u 
D 
IMP 
0 

Cracking Types 

I 

IV 
V 

hit 
feet per second 
left leg 
right leg 
crossbar 
location 
right of 
left of 
on weld 
above 
below 
running from or th:l."ough impact 
not running from or through impact 

weld (includes weld, fusion zone, and heat
affected zone cracking within 1/B inch from 
weld) . 
star plate cracking 
linear plate cracking 

Cracking is measured on the back of the plate. 

:_-.-_ -.·. '-.. .. ... - ..... , ._ ... .. :·· ·· .. - .. . . ..... _ .... -"" 
• - -.. • ~ .. . , -- . ~ '"4 - . -



- . ' SPECIFICATION JIBQ,UIREMENTS FOR 11 H11 PLATES 
WELDED WITH AUSTENITI C ELECTRODES 

Figure ii shows the construction and intenderl aiming points for the 
ballistic shock test plate. 

The re quil·ements for the shock test at normal tempe rature as g iven 
by Specification AXS-497, Rev. 3, August, 1942, were as follows: 

Striking MaximUJ11 Allowable Cracking 
Velocity Weld. Plate 

Armor Pro1iectiJ.e (±'25 fLs) (inches) 

l-,l./2 11 rolled 75 mm. T21 1100 15 g 

1-1/2 11 cast II 1050 15 s 
1 11 rolled II 775 18 B 

There were no req_uirem~nts s:pecified for 1/2 inch plate, but for 
these cold tests the 37 mm. M54 H. l, projectile at 2600 f/ s velocity was 
used. A limit of 12 inches of weld cracking was used as a criterion of 
acceptability of the we],ded joint. The limit on plate cracking was 8 inches. 

From 3 May 1944 to the present the following requirements have been in 
effect (o.s abstracted from Specification AXS-497, Rev. 5, 15 December 1943 ): 

n,F-3. Ballistic tests. Test :Plates required D'J J)aragra.ph F-2a(l)a 
shall be supported solidly on each of the two sides parallel to the long
est welds and with these welds upright. The plate slmll be tested for 
compliance with the requirements of Table II. 

TABLE II 

Striking Allowable 
Thickness of Type of velocity f/s, weld crack-

shock test homogeneous plus or minus ing, inches, 
plate, inches armor Projectile 25 f/s maximum 

1-1/2 rolled 75 mm. T21 1200 15 
1-1/2 cast II 1050 10 
1 rollc,d. II 725 17 
1 cast 57 mm. Tl 975 6 
3/4 rolled II BOO 12 
1/2 rolled 37 mm. H.E. M54 2525 15 

"F-3a. Cracks in the armor parallel to the weld and within 1/S inch 
of the edge of the weld shall be considered in the total weld cracking. 

11 F-3b, All impact velocities specified for cast homogeneous armor are 
subject to variation depending on the actual £\,rmor thickness. This varia
tion shall be based on the velocities specified for testing primary armor 
and results in velocity of 6 f/s for each increase of 0.01 inch in armor 
thickness. 

. . -· ..... .. : ... ~: -~ ~ .. 
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~~t--~~~~~~~~~~~:; :~. ~: ·. -: . . · ":- ... . ~ .. .. .... . . 
·.M· .. _ .. • ........... -." 

------ .. _~ .... ~>•-"~•·, ··:· 
Root 
typee Typ-? I 
-----,--------- -

Doublo 
V 

beveJ. 

S i.n g le 
V 

beve l 

X 
3i1·1gle root ber,.J 
~ t ce nt ~r of root 

S ine:, l e ber.,d b r i ··l t7J.ng 
root g,ao 

----------- ·- --- ------··--· -- -

:'-)te .. 

,,.t, rout 

-------- -------------

J.,rore than one be , -:'l. br ld[,Ltg 
root µ:,:-::r 

. .... ",_. ,'..1 

tit·;: \,:~.- '~ 
/ " . ... .. .. .;. .. --:·1 

================================================== 1~··-:,:< .. .. <-.:"1 
' - • " - • - . .. 1 -. . .. . .. -. 
• ... • ... - _ _ .. _ ,. '"I 

- ----,------------,---------.---------,---------.--------- ,_. ,· .".· .·.· _-.. , 
Dody 

__t .es 

Doub l e 
V 

bevel 

Slngle 
V 

bevel 

Laye rs only 

Laye r s only 

rr ype I 

'r y ps I I 

Be:01d.s only 

Be: ::'lds only 

Ty ne II 

Type II I 

Lc:iy ers & 
beads 

Le.yers & 
be ;:,.dG 

T.Y J'e IV T y·n,,~ V 

Un1onmel t Spr• cial 

Un:i.onrnel t Sne C'::lul 

Type III 
Cro wn 
trnes 

- ~ ---+--- - --------1---------------1----------------------

Double 
V 

& Sing l e 
V 

bev e l 
S ine_;le Crown 

Sinf;l.e p ass 
b rj_clge s g,g_p 

Multlple Cro wn 
Las t b e ad t ouche s 

p0.r ent meta l 

Mul t i pl e Cro 11m 
Las t be ~d does not 
t ouch paren t me t nl 

= = =================:======:!:::=========····-·- --------=== = 
Fig. 1 We ld Me t a l De po sition Types 

' .. . .. . ' •• • l 
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APPZltDIX :B 

Description of Nick-Break and 
Bend Fracture Tests 
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Figw•e l. Nick-Break F:H.·acttU'e Teet of Welcl Joint 
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Figure 2. Bwnd Fracture Teat of Weld Joint 
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