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1B.5TRACT 

A study was requested of the heating and cooli~ cycle of STS 
plate contiguous to bead welds from 25j Cr - 20% Ni electrodes and 
Grade EA electrodes to determine the average heating and cooling 
curves resulting from the use of these electrodes. The Labor&t.ory';1 
e1ui~nt for full automatic control of weldin~ conaitions •as uned 
in makin[ nll weld deposits. For the iden .... ic .. l welding techni:::iues 
used, Grade EA electrodes have a hi~her efficiency of dep.)s!tlon th~n 
25j r.r - ~ Ni electrodes. The greater anount of ,odd metal depos 1 t~ 
will tend t;o d~crease the rate or coolir,€ in the plt,tf:' adjacent to 
the weld deposit for the Grade EA bead weld. A con:par ison of the 
heatiJ\8 end cooling curves in the pl&te contiguous to a bead weld 
•1th equivalent welding techniques melting l"'r1ual Blllounts of plate 
metal show no difference in the heat~ and ~ooling cycles in the 
plat~ contifuous to bead welds deyo::;i ted with Gradt; EA or 25% Cr -
20, Ni clectrodt.s. The difference in bt.llistic behavior of Gm.de E.A 
a.nd 15% Cr - 10% Ni welds depositt:d on STS plate i3 definitely not 
oos~d on differences in thernnl conditions. 
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AP'UPRlZATION FOR Ik$T 

1. kelding test 182 was authorized by irur~uu of Ezliineeri.na 
letter, reference (a). Adctitional ttferences pertinent to this problem 
u-e listed as refPrencos (b), (c) and (d). 

Refertnc~: (n) Bul::ng.ltr. JJ46-l/L5(l-2-Ds) of 4 April 19)5. 

OBJECT OF Tf§T 

(b) Bu.Eng.ltr. ~P/\eldin&/L5 (J-lJ-Ds) of 18 March 19)9. 

(c) Buc.&R ltr. JJ46-l(l9)(TB) to Director, mu.. via 
Bu.F.ng., of 13 March 1939. 

(d) NRL Report No. !-!-1544, "Rest~:-ch of th~ 1feldabllity 
of Iron Alloys," of 21 J1.m~ 19)9. 

2. Bel lint.le tests conducted b7 the Bur~au of Con9truction 
and irep&ir incticnte thd attachnients t:Ade to STS pl~tos by arc •eldiJlt. 
using 25% Cr - ~ Ni electrodes are far ouper lor to those ude usi.n, 
Grsde EA electrodes, The difference in the bch&vior of the weld is 
attributed to differences in the r~.et.hllur[ icd structures obtained 1n 
the fusion areas. 

J. A stud7 •as requested of the heatine; ·uld cool int cycle of 
'-/4 STS phte <"ontituous to bead •elda f!'oi::: 25% Cr - ;::~ Ni electrodes 
and Gndc EA electrodes to determine the overage heating and cooling 
curves resulting from the use of thes£ electrodes. 

DESCRI ?7 ION OF :.u, TEhlAL UND!;;a llSI 

4. STS pln tes of a size and q\.o,.·rnt i ty suff1chmt for the 
tests w£:re su,TLed by the Bureau of Construction r,mi Repeir. The 
chemici,l onalysL:; of this plc1te r.aterial is given in Table l. 

5. -r.o 5-pound boxes of 25% Cr - 217', Ni electrodes 3,116" 
in diar:-,et-er, he1-.:vy-<'o.a.ted, "ere also supplied by the BurcLu of Con:,truc­
tiot1 and Rep,i ir. Chemical t.nalysis of the core •. • re is given in 
Table !. • For the Gu.tie EA electrocte the Laboratory I s supply of No. 7P, 
A!.rco, ;/16" in dit<,neter, 1wr-1s used in these tests. 

6. 'nle Lbboreto::-y' s equi?llent for full tutollll:tic control of 
weldint conditions •rns used in rt.kin[ 1,ll *cld t.leposits. 

7. Themhl conditions tlE.'Jf; bt-ni 8st1c:U.shc<i sh<.>YtiJl€ the 
cycle of t em;:~r .. ,. tun, through whlch the '. f_ tal actj r.ccnt to the deposl ted 
m~t,~l pes5es. In the dt. t~IT.ination of this tin.c-to::per~,tur1. rc.lntion 
ph.tinum to platinw:i-10 ptr Cttnt rno<1i~ LH!r:r,,,cour,l• .. 3 m£.dt from 
No. 40 B&S gaug£ ~ire •en, mo~ti:d in :, 2 mr: thc:mocouple tubin@ nnd 
inserted into holes drill..:d in the bottor.: f1tc2 of the t::st plu.tt:, the 

-1-



tberr..ocs'.f :es bemg locattd so ·.c~ to be ~1t vt1rious diJU.nces froc~ the 
deprj'., i tee :.•tot,. l. A ::icvie ci,,·E :-1- v.as ust•d for '"ach tr.>:-r::;ot'oui,lc to 
r~•:•or.cJ ::f'.'1.;:t.rnf:ously •:-ie tr,,n:.:,ifr:t !'t.H-J.:.nts of,_ r..il • .i.volt ll'etF.r 
·1n:i !. ,;tor w£>tch as the beud v.tld wn:; ir.Hde on the top face of the 
test pl!:: te. Readint3 of the te::.p1:,,. ture of tb::- 111eld dep:isi t Y;ere 11lso 
r:.i,de us inf r,n optici..l ;:,:;rorreter. The pln te v,(, z, s•.·ctioned afte:- de pus i. tion 
of the 'Ae ld metal to iietErn.int=- the: loci, t ion of tr1e t herrocouplt-s v. !. th 
rt::spcc-t t() th~~ weld depo,it. The be•,ds wert~ <>l5o ::;ecL.onf:J for ru,cro­

exe::-: .rn, tion. 

~ Af+,er rrl"lir:-,:im,ry +herr.,bl run:.3, it .,;~ :ound thet the 
,.rr.0L.u1t of icp,;::,ih:i ·et,,,l "itb idt.nticul 1Hld~n[ techniquf:S ,.-t.s not 
f•Jt.wl. H•:nc~:, r, st,ie·, of ber.u "eld!:: v.ere depo3ittd using ll.5, 175, 
:C'0"i, :.-,3,:; , :ld .'f-5 r,rr.; cr~:s c 1..1rrcr, t v. i •✓h ri 25 volt :_,re ,rnd spt~·d of trav~l 
01" 6 \.nch•: rtr m.inutc·, v.it:, both the Cr-Ni :n':l Gr,,cte EA c-li,ctrodes. 
After plo'.rinv, thc.se data it is po::isible to estl.lblish equi•J,.lcnt 
wellinf t-:,cimiluef: for both the Gr:~de EA ':Ind -;.5<J, Cr - 20% Ni electrode:; 
(see PLte L.). 

9. Final da tL for the time-h·mr•e,', tu.re rt-1' tion uirt obtl, ined 
11sinf E:--:_ 1;iv,.lent -,.eldint tcch.n:-1ues for +he two t,lectrooes. Tht-
~'•,ff, Cr - ~·:)'f N1 bead wf~ld w&s rr.uJe , .. sinf n:'h:,,.;eci µolt.rity, 17"i i.:~r•eres, 
,·:; ·Jnih,, :.::li 6 Lnch~s ;:,er n:inutc tr1,'1el. The Gr,.dt E.A electrode bead 
Wt'ld w/'ls M:.,ie using revn·sed polr.H"ity, 155 wnreres, .;:5 volts, Wld 

~ inrhes r~, ~inute. 

UL The ti:ne-t€:mper~.ture rt-L,tion for ~d~ntlccl IH~lding 
•.echni.-::ue.:. (l?'j an[,.,-res, ;·5 volts, f. inches ;.,tr minute tr&vt.l, reVtrse-d 
;:,olr,:-ity) L .:;hown in Pl,1tt:s l r.m! -;. . Plt,tc 3 illL,str,,t,,s the :iif:er, nee 
in size '.)f t,,-:ids ob~.,-inF·d 1.;sint idt.n•ic:.l w ... .1.aint tl(:r • .nque v.i+h the 

at<-~i'!t- c,l.-rtr-,.>d"-5-

ll. The r,,.lctlon of the ,,re-9 of the i)lute melted {us mea~:ur,d 
<:)n r.11,cro-c-ro ,:, 3u~tions of the bead weld) to the wtlding current 
for GrFtde EA rind ;;_c,<f Cr - ~ Ni is shown in Pltst.e 4, From these d.c:ta 
1.t ~s :"J-,.:~bl.t· t0 ~;e~ ur· "e~1uiv:l.£.nt 1

• wEldi.rl.£ t.,chn,1ues which "l.ll 
prYi:,c~ •:r: ..,-:~ivnlEnt r:elt~~ effect on the plt,tt" matertal.. 

1.:.. 7~e t,11:',,•-tf:c:;t>r:,tt.re rc.lstion:..; for 1
',:,·1l.iiv,der:t" welding 

t, .~::rn :1;~s •·.re st-.owr. :r. PL,te 5 }.;r,J Plnt~ t.. Th~ 2'i% Cr - 2')"/:; Ni 
t,cl )',•'1'1 y,n< ~a'l;c. ·1sLn, revrcr:,e.J pclHrity l'?') :,ir.pcrcJ, ... 5 ·1olts, 
, ...,~ •( :T_;,b ::j .. ;r ~;,~ut, · tn,vd. :'he Gri;J~ SA ,, l-'ctrode r,e~d W(ld 
1.. '" ··"' ... '.. , . ,cc. .• ~ ,~c, v lt" •,r · f ,nchf·S 
"'"'s mi-tdc 1-.. ... ;i.nt ;ev~r~>Et1 t>J1:1.;1ty, i.-.l) ;_;.rn,..;t•rt_~), £ ,) _.,), ,~1 ... A. 

r ,_~ r r,; in~~ t :_ ~ 



~ONCLUSIONS AiiD R.ECO~EN~A!lONS 

(a) Facts Es t1. bl i shed 

14. F'0r the identical welding techru:_iucs used, Grude E.A electrodes 
'.i'.V<: a hii hPr efficiency of dt:position than ;:5J Cr - 2Cl1, Ni electrodes. 
:hl rreater c~ount of ~eld met~l deposited ~ill tend to decrease the 
P. te of -:ool ing in the plate adj&cent to the welr:l deposit for the 
Gri:ide U ben:1 v.eld. 

15. T~e the.ro;,1 condit1on:3 ir, the plete contiluous to GrHde E.A 
n:id 25% > - .:CO% ~li 1H,U ~ew, are identical if 11 e:::iulvalent 11 welding 
~ "'c hn i'7 ue :.:, ,Ar~ use ct • 

(h) Discussi~n of Dote 

16. I: is to ~ noted that in Plate l .~ml Pltite 2 wi t.i't identical 
v.el.ding t'-•·~;n1~·c.;es t,he cooling rct~ is sooet.rwt slower for the lnrger 
t•~ed or th,- Grnde- EA f:l~ctrode. filth the Gndt E.i,_ Lead weld, after 
Y sec,,:y:l t_ht· pln tc terr.~rature c-.easur!!:s very ne1:1rly ;:50°c., while 
1.tth t~.I" .r,1, ::r - ;e,j Ni bead wdd the pl,.t" tt-rperdure is i.pproxi.mAtely 
·,•10C. 1 -)wer. 

17. In ord•:or to establish "equivalent'' welding techni~ues, 
e serie!; rJf b£•>J.d w»l is we:--e depos.;.ted using Grade EA <ind 251 Cr - :.:0% Ni 
•lectrodt>:,. ?Lte L shows the ri-:-sulti:: of tbi.se te:,ts. In ,~11 cases 
··'.)!' i,n•1 ,: ven <'l.rrcr, • '°,he are;, of the pl1:1 te . el tf·d is greeter for '".he 
;-• .. J,,~•r-··1( th "'"' 1·• 1·,. fo .. th, :;:c,d Cr ·;r.d n; ,,.i~ctro·:ie A 'nor1· .. ont·· 1 ,._I'\ c.~ .. l ~ ,,iu;i..-i ,. --> • 'l.i ,,1;CJ - 1L.U~ i•- ,_.._..-;: l\. • u c ...... 

Lne wLl ::,•,_rsect the curves :,t points indicatin[ e·-~•.livr_lent wtlding 
techn i -;-.... ~~; for ex .m:Jle, a current of l 75 amperes u3 inf the 25% Cr -
, '.ii Ni - • • ;:-,, i• : s • ;>,;~v.,_lent. to ,_ :-1..irrerit c!' l '-jc ,<:.1 pEres usinf tht:-

~.:i. J.:., ,. :•,;:·.1 i,..;it 1n:l-1;.1;~ techni 1ues, PL .. te 5 end Plat1::: f 
;i;,-,w ,, , r; '. i· ,!l.lf,r,r•'.nCe ~n th(· t-_hennc.l effu:ts in the f..hte 
re. "'.r:i:: •: 1 .,;-, , • -· : r,,: :.:J,,'Tc,:.; i h:.1 b~ad •t:lds. The ::onsistency of the 

•:1Frm&l ,,f:',. ·• :c: :ur!.~,,...r bro!..irL· Ju• t,y the cou,cidt'nce of the dat& 

~r,,_ Ir. t!)e >r,.:_30nt tc:.;t;; ;:. ~Oi:pc.rison ;Jf t:1e he!.1tin~ :::nc1 coul,..nts 
':~r•:, l'., •r.,. ;:~;.t,· c,~n•i,uou:,; to::., o,:.,ad weld 3h;1, with iJen+.ical 
r:~t:.: . .- t,.,·hz..i.:u•,_ ,. cil•·n·.t-r cooli.nf of the pL,tc· 1.i.t.h the bead 1,eld 
ii,, •., .'h ',t~ E.J, ,,;, t;·od1c •i· ... n ,..iti: n 25% Cr - : )% ~li tlcctro•if 
?h. v,,,·, ., "•h,: :·_-:_ t.r1c..t "- larrer be,,,:""·•-' .. !,';:02:te-1 by the t-.A 
r- .i., 

>~; ·~ :• __ ,r.' ~• :., _ .. ~,, r,: :_;-;:1,~ ... ':-'let t.ith e~ 1_:.iv:,lcnt ~.;:.: Al.n~: techni.1ues 
·•,,. •. i' ~:-•,- ~ : 1_1,~11 r.,'.·,,-411~ ~-:!' t:.L":.t€ Tr;t t,tl :;hew r!C.J ~ii!'!'t c1:n1...·~· in +he he;.l+- 1nf 

',i}l~Lf ''/:--1 i",;~.~ pl,.-;.tL (';)r,.tict.cus !'o bee..._i 1-t-~----~; der•.__,51,t~ct 
, , ... _ ,.,,, 1~ :·i r ,c;r -:: - .o'( ~H · t,ct:-cJe:,. 



21. The difference in bellistic behavior of Grade EA and 
;,5i Cr - 20% Ni welds deposited on STS plate in definitely not bE<sed 
on differences in thermal copditions. It is ::i trongly auspected 
that the solution of this probleit lie in a conside ration of the 
rates of dii'fusion of the alloying constituents i.:o the welding process. 
Furth.er work will be necessary in order to iive more definite 
conclusions. 



Table l 

AB1l;11d.s of Plate llaterial (STS} 

C O.Jl per cent 

ln 0.21 " IS 

Si 0.07 " 'If 

Hi J.Z? ti ti 

Cr 1.36 " " 
p 0.010" " 

s 0.017 11 " 

Analy~u~ or . 25% Cr - 20, Ni Electrode 

Cr­

Ni 

C 

Fe (by difference) 

25. 72 per cent 

21.17 n II 

.Q4J II " 
5).07 " • If 

Aqal;nis of Bead field DeP9si t (22' C:r - ?Q% Ni) 

Cr 

Ni 

C 

14.25 per cent 

13 .05 tl 

.lJ " 

" 

" 
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