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Thi,- atudy is concerned with the effects of tho arc-weldina operation 
on the properties or the base mot.al. In pc.rt1eule.r, tho study concerna the, 
phyziw changes produca:i in the baae-mo~, such cs uain-gror.th or refine­
ment, hardening, nod e~britUement. 

The present p.nrtitl report deals wl th results to do. te, inclu,.Une a 
cetbod of reproducina conditions in the h nt disturbed Nglon or a 1'10ld by, 
t!n e.rtificiel quenebing operation on-. epecia.l apecimen. 
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1. Th1 inve Uc tlon wn utborl 
ter J~46-l/L5(4-2-Ds) or 4 April 1935. 

tu Burenu or En ln ring l t,-

STA'mf!;!tT OF fROBWI 

2. 1'he probl concerns mi inv stigntion or tho h.nrdenin tr ct and lock of toughneso observed with iron nlleys hen they nre qu ncheci, or rapidi, cooled from the high temperoturcn :i&poce.d en th by the fUDed lei tol. 

). In more det&1l1 the problem ia divided into the 1'ollowlna port : 

(a) To determille the mox1m hardneac ot the aeUll or t.be t.rD.nuition ~one, next to tho weld bend as £unction of the cubon nnd Uoy content or a serieo of iron alloys in the •ns rolled" cond1Uon. 

_ (b} 'l'o detclndne the microstructuro i.nd p-o.in 61ze ot the t.t"mwition i.ono tor the 6W:18 series or iron alloys in (&} .• 

(c) To determne a beat trentn:ent tor each alloy 1n th 58rioo to dup­licate (a) and (b) in order to synthesize tru. of tbe transition zono in a 
"" eld. 

•: (d) To detel'liline the ductility fmd toughness (illp ct resietcmce) or the iron ulloys when tre4led u in (c). 
~ 

o deterldne the effect er preheating on tho mnxillWl hardn su (a) . ition zone when those iron c;.lleyo or the aeries havina higher 
noltieo arc welded. 

~ (f) To determine for a series ot irca allo711 in the •as oost• condi-~ tion the r~ctors mder (a), (b), (c), (d) o.nd (e). • 
-~-~~ · . 

1 ln order to produce welds for the determination or mo.x.illUID hard-neo& encountorod in lding ur the iron allo7a, the depositing ot a single ., uead on flat plates of the allOY'G ja conte111plated tor the progru o.s tho , simplest and mont eas11¥ reproducible condition. In an ctuol weld, the • trenaltion zono in the parent et.al would be heat(ld ond ret:.ented by sueceo­
~ s1ve r:eld oeado and would be difficult to reproduce. 
~ -~.,,_ .. 

"j!'L .. 5:- · ' The deteraination ot ductility and tougbneae of mtiter1nl in tho trcnaiUon zone hAvi.ilg llill.X1.inu:a hardne11s, grain oli:e Gnd cd.crootructurc, o in 1(a), (b), (e), would be lmproctieal with wi actun.l weld due to tho lim-"·lted 1ali e ot the tranoition zone. It 1s therefore n cc&r.sry to cnn-y out · (d)·, by first preparing os in (c) aamplcn or eu.tficlent ize 1th which t t for. auctility end touglmeso can be mode. 

Y.Norn FACTS BEARING 01 THE PROBLF.ll 

_ -:- 6. 1 • the higher strength otecl o their high trencth to tn ir · 
.. h~ghcr. c~oozi, higher alloy or higher ccmtents or both carbon and ll07. 

,-, la I .. -•;~~ t. ½..,.. 
,;,.-•. =s 

...., I 

.. 



,r. - • fiSia.!5 - ' 
-; :~~-" .. r- ... -----i' --i •• 

Ji -'r~~~ 11 ••I""" 

~- consldor ed to produco tn um.1r.fe ot.ruct.ur.01/ini'ltno 
tt e cor bon , conten t 1 o above o·. J5%. No do.fi:ni ~ •---"'C• 

_ vc been defined f or the alloy contonw except f&r • 

_ e t the t.igner the ulloy conten t the l o er U1e car bon ust 
be·•~ P,r even t cxc;e,,l,1 ve hardonine in tho trono1 Uon zone. 

7. The higher Gt.rengt.h otccl s of carbon contents nbovo 0. J5% and , 

high nlloy content~ ore being succc~~f ull y uel ded i n the prohoatod condition 

onci i n muny CLrnes hea t tre tment after rolaing is a ncceonity f or these 
otcclo. 

·s. . T~o r cpc.ir of costingv trJ. lioldine haD ol eo been oucccocfully: . - ' 

p,ursuod to •g~:vo, Clbctd n~nble, crackle os ol es ,here pr h8ll Ung bef or e T!~ldine: . 

_z;nd, heo t tr:en tr..e~ t . ofter el dine - hn_:; been resor ted to. . 

I ~- • I .. ' • :: - I ' 
! ~ 

~HF.ORETIC~L-1CQNMDERATJONS ., ~- •: 

dness o~ the eypoeutoctic iron clloys , hnrdooabl e by pro:­
dc , nnd dccompoo1t1on of t he oustcni te fo d a t high temp-

. nt upon •tbe to::,_poroturo t o 17hich they are heated and tho 

e.re coo~ed or GUCncbcd tra:n Uda to pora turc. The n. to 
en ted 'to the quenching temp re. ture und tho time they re- • 

}i.Qs a •pronoun cod effect on the era.in alz but only i. , 

e hardneso. 
1.,.,., ::.. 
ansition zone of a eld6 tho parent a;etr.l bas been 

u g.i: ng fr011 1450 C do to ?O<J°C. e tind , · 
I • • 

rt r tho transition zone immodis.toly adjr.ccnt·'to, 
ec:pcr tures or l4S0°C to 1400°C ha.vo ox.isted; ~r 

e the :lc.reoot unin sJ.:ze and ctUaJnum hardnoso.. -
trans ion zone adjacent to tho undisturbed ~t -· 
otUN> cay } ve ri on to 700°C - 900°C, tl N la r :~~!'., 

the ~oin eizo mu1 be s ll r thnn thnt ot tho otig!.... .. . 
cey:aWlization in tluo NBion. Bet't"Cen the reiicxu,- i.• • 

·te::,peraturec n tind grain Gizo nnd bardneso •o.r,:-
, . . 

. . ~-
.. . , . ~ i ch 

l ll. For on arc weld, Uie idth or UlO"' - nuition zon a 
~ fler tbrul io tho er.so for an ox,-acotylcne eld Gnd tor alnel• 4d 

.nrc 1.e1-a, such aa i conte ple.ted for tho preoent. progra , t trw,oition 

--..,;zon~rmcy extend for only .05 to .lO inches on it.Mr iae ot tl wold. 

:;.._Tho .vcriation in hArdnoon procr.esoive]¥ &LCJ'oaa thla norro acme io obto.in--

-:.--:i ble ith a ul tlible hordnoaa teoting chine, but phyaic ate to do-

o;~to1~0 ducUlit.y end tou hneoo ore not po aible. Ho vc~, th Giqo­

ctructur 6nd roin ~1ze of the trun 1tion s.on are coc1 t d 1th 

· ·<-d r1n1te hnrdnooa, ll of which con ~ d temlnod lfith o uin le beod 

1~ / weld. . ,., -.. 
✓• -~ 12. 1th the inforcotion 00 to hardn us, crain 1ze mid cro-

J ~ t.ruct:uro, . if u h ut tre tment io •lven pl u of th pnN>nt tcLl uch 

a to dupllcnt thee tbr e peyeionl pro rt1co, then the chunical prop-

. rtleo of ductility ond touahn or U eyntJ ticall,f produc t rid 
hould be tho SWtG no the 1tc r ion in the w d d terial. Act 1.17, 

..... 



METHODS I.NP ATERHl.S 

1.3. A aerien of stools was uon bled nt the L&bor toey froc:J 1n-dustriol sourcoo. Tho otccls are in tho fom of roll d plate l/2-incli thick, in, gen rul, (&Dd 6 iochos ido. Tho npproximnto ruu:Ll,yseo or t nc Eln~r'iuls nr clvun.· in the follcning schodul. • 

. .. Stock: Liot or Matorlol 
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J2, 

J:3 a:ax •• 10 
J4 .07 

'.35 .22 

.a r.. ~26 ..__ ._64 
- -... 

- ~ 

. . . 
n t.-lnued. . ~ :_it■--=-
, --, I l {. j •~ ,.. • 

'f ·.a ,. Cu~ -~-- V Cr ______________ __ 

. • 60-
.eo 

- .40-.60 
- Cb=.55 - .50 

-40-
.60 

4-6 } 
5.50 

Cro:)(inBil 

Lotr 
ChrOJ-c 

1T-• .,. .. 
•, •\1:4. -.. - • The source of' inc 6teels :ls :,,ivcn bolo11 c.ss 

-, • .., u 
- . r:- • 

.- ~'2 , l~J;, ~-., · 6 , 9 , ,..10, 13,. 14, . 15, 20, 21, 22 - Luken:; titocl Coapun,y, 
- 9" -

• . 2J :_ Cli'IIWx 'olfbdenum COl::lpan,y 

, 21 - Republic ~~el CcgP',ln,y 

. . 
St oor Company 

on par bide ,ond Cnrhon Comp6.D,Y 

I - : • 

- wn Sheet t1nd Tube Coi:ip6Dy .. 

ol' tr011 H&.val Research Laborntory Machine Shop 
• I • 

I 

- r ·_,.i.' . 

I I 
I 

l t.:te, , grade M, froo ffaohineton Navy Ya.rd •• .• '- - , · 
I • 

',hnve~been order d but have cot bceo received 

• I ~~-... . .. 
.,,_ ~l~..,.. SaBe !'15 l, 2, J, except for 0 . 45% C. Ordorcd tr Lukcno 

~ ~•S;e-~l Co::1;,on.J •• . 
.. ,J • ' I 

• :...~~,-7~:•. 5:a:n:? na 5, 6, exco?t for 0 . 35% C. Ordered tr::a Lu>cena Steel 

-=- --• Co::iporo: • . -. .. . 
- ........ •-=-...1----· 1.1~ ~J6 ~ Sru:io n~ 35, except for l-7/8" thlc~1css. Ordor.cd r-:-oc C,ukon.!I 

~ :-r· · -t ~: ~~l: C!),""J;mn;r. • 

· · - ]16l ~ .... A '100-pound ' lot of hBnv; cooto~l 3/16• u.H.A. (grodo 2.lM) y;ol:il-

r Ing rod lina !,eon purchca d for use in ld tor.to of tha above oatorlnto • 

. Th'>88"-el ct:r~doa •Tlero diuc?vared to bo not on t.h1t t,c.vy O pw-t.o,nt. ' • pprovnl' 

Hot., there.fore Mot:hor order h .a beon nt t:,rou h for 100 pou:,dn of Aireo 

r.,s hoavy coa·tod r od, t:ic o c nize no thoce olr ndy unod ro:- th~ eld tcfft,1. 

Tne Air.co f/78 rodo ore on th Unvy• D opproved list and t t.h A.S •• E. 

opecif'lce.'tion for Clnoo l oldo 1th tcnoile otront:th 60,000 to 75,000 lh,. 

per oqu&ro in~h nnd 22-.30% lonintion in 2 1ncho • 

. 
-r.... 

I I,. 9} 

'J.t 

t. .,. 
.. J .-
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r:ir.udal~ hardne a tosUne chln ,~he ... 
1.- d. It 16 s :mt.ial to h v hnrd • st th t xact root.(,l..t.s on the corrol.lltion of hard-· na • th hardno a ot quonc d ploa Al st btt held in boy-. : ~ance unt th ~ lnot.r purchuaod cnn bo put to uc • 

• 18. rroldi chi.no hos been conat:-ucted to produco ldo ~., sc l-out011ut1c arr t.. The onchlno io oho in Plnto l, An in stlga-• tion of the degro lroduc1b1ll ty of t.ho ha.rdnooc in the h .. at dloturbod L .-:~no ta8 :ondo i:,n t! identical plntes of 1 A, 3" tzide, ~l/2n long, : and np,;,roxioatel.J l/2n thick. The curront., voltugo and '10ld1n o od ~ore kopt tho on c for all plotea. Aft r dopositlng D Ginglo bond on cnch of the ntes, a hnlt-inch Mctlon "a cut from ench plnte, tronsvor to tho ho ooc~.lon6 • re pol1shod nnd cro-ot.chad to define tho , ld nnd, 
d region end Roclrnell B hDrdnoso aonaure oto ero de, on 

The reoulto nro gl vcn belo,. nn:1 o photogr ph of U10 three 
ooctiono arc ohown 1n Plnto ). 

!l have been i:mde with tho oow.-auto:L:ltic welder on it.om, . , 17, 181 19, 20~ 21, 22, 24, -:n, 28, 29, JO, 31 and 1/2 and polish d for progroaoivo ho.rdne3s aurvoy acrono th 
ected pl.nto. lt ls xpected that t.he hardnosa tectine 
lable for use in tho near future in order to co:uplete 
eld d plntcs. The ro:nn.inine steels on tho obovo liat· 
x 6" x 1/2" plntes no expodi tlou~ o possible and 
Ctlnnor on doscrlbed for tbo&a lrendy. clded. 

. . , 
r 

of tho at.eels ordorcd tr:>Gl the indunt.r-1 becn.oe~ • 1 • 
'A s obtained troo t.lio chine Shop stock at the Lo.bora: _- -..... ct.ed to welding and ueld-qu~nch teats tor preliminary lnfor,;;,~ ~.~ 

s, grain size, cooling r to, etc. For t.lte weld-qucmcn . :-: 
&bnples l/2n x l/2n x 3/4• ere cut trom the it A -r .. -

bJectod to teat na identif iod 1th a a tamped CodoL 
2" croiss section ends • . ,i.These sw:iploa re h ted 

rntu.ree fr 1400°c to aoo0 c in atepa or 100°C tor. 
ng f'rom 5 to 30 minutes, the heating being acco 9llshodi tnnce furnac • The oomploa, nttcr reoovnl fr th tu.r.- • 

c t ed to throe ditforcnt cooling r tea, .g. in w11ter, oil 
c then cut in halt through th j/4• length b-J nns or a 

• Ono ha.lr of tho sw:iplo rzas U8od tor hardness d t.ormlna-
ock 11 hnrdne~o teoting mnchlne, the other half or the a for n polished ond e tched m.lcro-noction to dot.or:dn th'e 

noUtuente and grtln o1ze. The ro::mlts tor thio proli:1in ry .. below. 

n renurt or the prcl1.m1nory otu:iy of wold-quench hnrdneos 
s~?loo or item A, it os found noceoa ry to r poat t.~e hich - ie111peratut"o tr nt.mant on this 1:te b:, holdlne the oru:iploo ror int rvale or , horter than rtv minut a. Sa.opleo l/2ri x 1/2" x 'J/4" of th f ol nw ng items A, 2, 6, 11, 13, 15, 17, 18, 196 20, 216 22, 24, 27, 28, 

)0 nnd Jl have n pro;,arod b] beating at 1400~, 1300 C und l.200oC for , ·-
;,,;~'-,· . - . .,,,..-

.,. ... 
,_ ' 

.. ' 



l to 5 ~inut s aod quenchlne 1n nir. Thene h&vo beon ooctloned for hnrdn ss tents nod micr~ ct.ions and aro beinc prepured t:>r t:iono toot.o. It will be poooiblo to obtuin ooro oxnct datn on tho:Je an::ipleo as ooon an th wrzm-idal hurdnoos to&ting mucMne 1s nvnilnblfl for uoo. Hor.ever, nour9:1eots hove been mado with t.he Rockwell cw.chin~ u&lng tho l/16n bnll or dia:aond con f~ Rs nncl Rn readings for ell tho weld:. ntv.>vo nnd for somo of t.~• quenclled ow:iploa. 

22. Table l given a numb,r of b6.rdness vo.lues obtained in t.'le wld-quench teot s&iples for it.em A. The hardno33 v~l'.lcs ore obt.nlncd vi th the Rockwell mnclune und lmve been convort.ed t:> Brlnell n }!;jro for eauler comparison. 

2). The saaples ahmrod conaiderable Y&.rintion in har:ineos from t~ outer edeea of t.ne cross-section to the cent.or. The cent.er a::as unu­lilly of aui.lna hardne88 due probably ontlrely to docnc-bur1.:.atlon. The som;,les thorefore hnd to be searched by' " ooriea or hardnoos testt; and the ~= bnrclnoss !'ound baa been reported in Table l. 
24. The m.1croct..""1lctures of t.~e quenched saapl~o re!srrod tn 1n Table 1 are shown on Plates J, 4, 5, 6, 7, 8 and 9, •1th nccoap:mying 1den­t1t1cation of t.-ie quenching cond1Uon. The a.icroatruct·u-ea of onl;( one beat treataent, that at 1400°C, are shown becnuoo the cdniaua t1me nt to~p­erature was five minutes, which produced a greater conrsening of the grain size than is the case for mat.erio.l next to t:'\O weld. The ere,ln siH of these quenched sruaplee u.:, be coapared wlt.h the zone or lariGSt gru~n slae next tot.he weld for t.ro apeoda or weldini, as shown 1n Pluteo 10 nnd ll, wd it can readll.7 be seen that hetitlng a 1/2• x l/2" x J/4• suplo nt l.400°C tor five .unutea bas a much creater etfeet an grain aiu of it.ea A than ~be welding arc beat has on the correopooding 'ugh tH1perature zone or the weld. The second aeries or quenching teats on saaplea held at te.aper­aturea ot 1400, l.JOO, 12Qt'.)°C !'or l to fivo w.nutea is Nported partlnl.l,i' in Table 2. 1-·o.1• t...,ose Nll;>lea, tho decarburl~atlon ns confined to n thin akin or the mllD J.A surto.ce but there -.r.u atl ll considerable hardneoo vcrl­ation on the l to J-alnute aaa?l,ea, and accoriincq the hw-dnoaa vo.lJas re~-'"ed are tnose tor ta. center ot the aaaple onl.7, rat.It r thnn the max-

... .lllUII nlue . 

2s. In table 2 are also 1lven the reBulta of uurvoy or tho twrdneaa ot the welds ;,ropared on the uomi-~utowltio wolder uoing l9J 1111perea, 26 volt.a and a apeed or 9 incheo per m.lnu!.e. Tbe ourvu:, w a ~de a1 beat u po1aible with the 11) or fta acule ot the Rockwell tent.or. It llWlt be underotood that the Yaluea tor the tranaitlon aoae hordne:1a, &1.a reported 1n Table 2, are crude anc! repNaent an under-oet.iut.o ot the true uxialwl •• would be reported by a Vickero-t;,pe ho.rdneoa Clllahlao. The vc.lu,a ln Table 2 bavo been converted to Brlnell and the hard.neoo or the original plate included tor coaparloan purpo .. a. 

26. The nit ot tbe auple1 or aerlea 2 haw not bc,en exwnod a 1•t and it. will be noted t.bflt or the quanchad aaraple■ on~ tho tNnted at 1400°0 tor 4 ainute1 ban bffn reported. It • tberofore or into.rot to deteratn•, on a low hardening a:ra4e ite■ A and on• hicb hardcmlng srud• 1tell 24, the hardn••• and aicro1tz-uoturo when h ld at 1400°0 tor l, 2 ond J alnute1. 
-6-
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·u';"lo~~ steel nro sho':10 below in Toble J in v• tl -:r ;:: t;e·j fr::,1.1 Roc:.:nell reudlngo. The corrc3pond.:.. • n1·· sho"" ln Plc.t.cn l2, lJ, 15 t.nd 15 for ite A bnd Pl:atas _d, l;1 un~ LJ for ltec 2/4~ hlh: Pl Les 11 tind 17 sno :- .,?ecthely tho ·, !'.,C .;r::iln u:-eo :>f ln~ w ld tri.n:ii tlon ':z.:>ne. 

~7. In or::I••:- t:> w .. t t.he so i-... uto:nnW.c elaer, three plr.:te~ of it... " wo:-e rircr..ircd for ·.veld tes ts. The plntca noro .3" x 5-1/2" x 1/2" t.nJ ~o:·o .. cl ·cd under t:ic sr~ condit.iono V1lt:1 190 um;,ere;1, 26 volts nt ... pool of 1- i~c ,eu a ~inute, whlch is equivc.lcnt to r ~uehl.y JJ,COO Jouloo rer .inch. h J/'16" :nlld ... t.eol, U .N .A., 21CY.> grti.do of hoavy \!ObV3d rod • s· used . fo · r.nch C(.(Je., Tb<> plntoi; 11ore clno?t3d to the wcldine table shown in Pli.tc l :,.,n, ;rye wcldor tn!",nipti.loted t.he feoding arrong :Dent which moved the :-oif o:vu.:-l !.•i;1p_. plu,t•? ht o pre-... et. i;pood of 9 inches n minut.u. 
-

, ~nc· m.:l fo .;t:i·r.: c00pla tod unn the plt. tes cold, they oro :- ,,n in ?l~tt? 2. The l/2" soctlon wr.a poliahod, etched c.nd ~ t•1 l!"!!nsi t"lon .::,nc:i chcckc,l -:ri t.h 6 Rockm.ill B penet:-at-,r. · , - : vtlue nu~ 89 und Pl~te 2 shows the etched sectlono t◊ be " I ., • ·1;_ ,1uenticul!. :- · .... . - -
• • • - • ....... .._ • • • I 

CmiS!..U!..lON!.> Kii- ~::<::or.L,.~rn;.:1 )U~ • ... 
-~-:;_ti"Et!f! 

.c.:t .-it •T,i:ll be po~::lblo to du?llcnt.49 ox-◄ ,,eld-tr&noi tion zone when sat1ples of ttie -.· 
The iTl:licnt.ionz ::.o far o.ro th£4t t.:'l~,'l/2!' r," 
ro~ch the ~ax.illlUlll hordne3s of the tran~~. J '.YJhen· quenched in air ; but Table l Gho-r;s· "' 

ni:h the, hllrdnosa of the s&:iples cun be 

• i ·snown by tn!.:£.nr. cf ?hotornlcrogropha that the reite 
C, n t ' lo:j:. t for one lo hardenine end one high 

... r~l!let7 rnpld , ~iuch thut before the 3c..m;>le or tho ::si~e ".1 ~ t:, , furn:.cc. t~cper::. t11ro ( see Table J) its cr:.iin si 1.e baa .61-xceoaoa ho lb.rgt=::;t ~:-:.'!.ns ln tho trun:iitlon a:>ne. Thea'> duto. eal•b­c· f.&ct thu t ·o. s?iort-time heat trc:.i tinent ~t uoo0 c of tho order or l 
_ _ 

1 
• or lo~s~r;.:.1:n be •:,ece.rnu:-y: in orde:- to prevent exceon!'le gr:1in cro-ut.h. 

:.,wt.rm! .... ;:i • -a ~iJ( Q )i)Gpln io.11~ \_hQ.J~'C.~e.'ltiO. ~~ 
.iLf&~iL:.· :,.,Jt;, i:. ,.i:-o·o:iy: - boon str.ted tl1r.t. it woulc: bo dosiroblo to v;,lit ~~~pr.ohlem •of., ·:,olu-iuedch t'!st.s into tuo ao;,nrute p4rta, w1 t.h tne probloa oJ" ,j)rop1r tl ne--:i·,u:. :-\;lut.ljnohi po !or tnc duplicnt.lon of r uin si~o takins fl!:"J.?.Cll lo'lce over t:1e·-P,r.ohlee1 of quenchin~ rut~o to osu.hll h idon t.lcc:.l ~rd-• :'1-::~ :. ; Tnc iii->.,t do 1:-a~lt: dl:ect.ion ln r;:.lch to work woulu be t.o uua tho .;~ ... o, 1/~" x, l/~" x 3/t." s~;,l ea r:.ther t hhn otl U fltlhller pioco ~ml t.o ln­cfo• .,o ~ho n · of r.or.. • 1 :-ig by conductlnt; of hen t f1•00 a lar o block ot :s,t♦""H1l hnld ln th" fur-:i r..co. lt is int.ended to us a st.eol block 1th li ult-1&ble drl lled hole t:> holi1 the cni:.plos, in 7lhich thoy 'Ifill be ho td for a11ort - lnt,r"1:-.l .. of .Hme r.an6!ng :.1p t o 2 clnut.ei.. If tnis t.nod doeo not pro1id 
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• . . · 32. ft is the opinion also Uu. t the cisxi uc hnrdneas of the t.ran·s1•:. ,. 
t.ion .~ono of the ol o reported in !able 2 is lono th~n will nctuully bo tho T cn3e ~hen it is pos3lble to use tho pyrw:ildul hordneso tcot.er fOV boln& pur­chos~d. In coop~ri son nith the original plate hardness, tho hnrdno:rn of :;ooo, of the y;elds in Trible 2 ( 22, 24, 29, 31) nro coon to be olrondy o oxt.r ::,e .4~{'-
to be entfroly out of ll"lc 111 th condi tlons for manual Yielding . lt ia t.hero..-
fo!"c , to be• r.ocom..,ondocl that a s l orter speed of neldlng of about 6 inc:hcfa· a · •::iini,i£o oe · e·c:pioyed, gi vfag npproxim&tel:, 50,000 Joules per inch ins tend of 
3~ ;0001uo revi:ously · usea. The 6-inch a minuto speed will give &· larger 
g.r ' tie zone ·c.nd vti-'ll oo bet1:oen the cwxicu.m s h.:>wn !or tho 3~1.1/ : ~te 10), .ond~n 9-inch n ~inute neld, Plat~ 11; it wllii 

"'= t!,er.•nnu ,'t herefore leso difficult t~ duplicn te in thc• t"7 • J • . I 
~ .. -4- .. 

• I• J .--=r._,.. :he:~gu~mchine tests ohom, 1-n Table 2 ,,1th thetl .. - - -- . . ..... ~ -, ·t for i te::is 17, 18, 19 for tho sa::iplec hold~for • 
ui core hardness, while the ~eld ~one har a ~- -

·, lJbdenum. It ls C1t0ro roossurlng to note • that 
of, all .l t.ems test'ld both in the weld-quenchi ·! .... . ... ·-. 

•, l. -
.... 

~ _.• _,. I•• 
I :_a•..: -

enc!i' teats have•,been presented in Tabl as • , 
ph3 of tw:o of. the plate ma terbls includod . 
· t & quonching rate lnt~rccdiat~ ;be ~ · 

c~ted ~the. m~ximum hLrd.~eaa of tho -o 
r.f u eul'Uole 'ruirdness test.~r to obwl 
~te· ~t'"S; the ·certainty of this ·c:onc:l~. _ 

f ' TablfltS ' l , 2 v.nd 3, we1•find the core ha.rd~_,.. 
Table 3' to be BOQemwt less Uwn tho ~:aum~ ~: 
~:.5~·or; Tt.ble l ; the latter appoar to be con- 4

,' -

ogreasive, increaae . 'l'ho indlcotiono aro •,thuti! 
. el:thtt:- "hove; not r oached equilibrhm i th'' the • 

chei:1 at a lower rate thlm tho ourround!.ng mnse.-:1--:. -." 
·.octwecn i~ •~ and 24 1s ahon in Toble J, whe • 

nrently· h~s not· reoched its mc.ximuo ofter 4 mlnu t '~ 
, •u~t.Hhe u~, of u at.eel block tor lncrenslne .. t.1-re _ - ~ .. 

:aw:ip~es', or-.t~- ,u.se of aa:iples with st1allor cross.:. - ~ 
l clenr;, UPi •thla difficulcy aa wroll' as solvi:ns f' _ . e ft 1ro1 :1t.? produce• t.ho desirod gr:..!.n si zo. •. ~ .:... f ..... ..... .... . - ~ 

robl'ei:i'"or. otito.:ining·'. reproducible wel ds hos been solved &/ 
, f;uction~nnd uoc ..... of,q.~ve::ii'-flUtO&bt.iC: oldor on~l the d greo or rcpr..o-- "ty•ha~~oecn·:lndiculcd • . It hos also be n ahoun that a dooiroble Lpo·~ . 

1:ic~of : thc.Jplat·eo _\7lth· the oo:ni-autocot.1c eld r ould be oot11ecn 9 and. o o1nut~ , glvi~g nn energy input of about 50,000 Jouloo per inc~, 
L • ,~.- t 
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I I ... 

_w peed of 6 inches a inu • T'h 1 tter ep ed y 
0 would be th cnoo in practic for o or tho biebor hord nlfl8 alloys, but. the oxtro::i bCl.rdn oao oho n in Table 2 111 do­ere ood· to cort in xt nt. 

J7. Th.c difficultio involved in th 1nt.orprotat1cm or tho ther l W.sto:-y or the t.rana1t.1on zone of o wold ~v bcon lndic t.ed in tho thoorot­icol discuoalon. 

38. An oxtcn:ilvo bibl1ogru.phy hno n accu:nulntod :-olatlnc to tn . actlvi t1oo in rcn orcb on ldin r ported ln journals of tho Uni~d Stutes, · G in, Franc and Gerll1!illy. This bibliogr pby 111 be presented o~--
o literature io still being trcced to doter 1no otudloo 

ldtng coopleted in the paot. The currant ll teraturo 
r uteri l pert.1:!lc:it to the probl • One ot th.~ 
ound in the current F'roncb ll tero turo is 51 ven in~· 
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bar or item A showed a ,hardnesa or 110 Brinell. 
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..:-..4 r Co::c• tu.tdneso,\of · Maximum hw-dheaa in eld 
'oaapl.e, '4 min. at trt..ll3i tlon z.ono for slngl:e Oriiint.l 
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Itea. 1400°c. Air boad. 190 omp~.,26 volts, Plute 
...,;.;H.:.;;.o .... ____ , -- • ..SllQ.!l~ • ._ __ --__ 9...._i __ n __ c._l __ ~e __ s__,p...;o;..;;:r ...... m;.;;;;1.,_n ... u._.te.....,. ______ ,H._aro:,.,;;;d_n_.o_s.:;;;s_ 

A 149 
,2 179 
6 I 16'Z 

29 134 
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174 
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248 
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21.8 
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115 
1.34 
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179 
183 
159 
207 
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A 
A 
A 
A 

29 
29 
29 
29 

Bote (a) 

TABLE J. 

Hllrdne!lD Values oo l..400°C, Air Cuench Samples 
(Brinell bo.rdnesu conver~ fr011. Rockwell) 

Ti.a in Furnace llir Quench lllcrost.ructure tor 
at l.400°C S..;u.e - Core Coaneat Grain Found 

Saaple No. (Minytea} Jia.rdneu AA Crosa Sect.ion 

ABl 1 123 See Plate 13 
lB2 2 131 • • 14 
.lBJ J 149 • • 15 
ADJ. 4 149 lote (a) below 

-----
29il 1 223 s.e Pl.ate 17 
29A2 2 255 • • 18 
291.) J 269 • • 19 
29A4 4 293 lot.e (b) below 

- llicrostructure or 4-ainute BruAple not invesUiat.ed. See Plate 
12 for original. atructuro, it.ea A before queocbing teata. 

Note (b) - llicrostructure ot 4-ainute auple not investigated. See Plate 
16 for original structure, ite11 24 before queocb.1.Dg teata. 
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A review la given below ot tho followings 'l'bE~Ll. tud7 ot ld 
(Etwle tberalque do~ Sondureo) by Prore~oor A. Portavin nd I>. Set rian, 
which appeared in Cbnleur et lndu t.r1 , Vol. 16, Ho. 185, Sep !>er 19)5, 
pogov 409-424. A t~tlcal &.tuq or the rote ot heating Gild cooling of 
" oor oelu.-d ct one end in Dhow in r.urvcc of Fli• ~ tor ta.pero.tU!"(f ver­
sus tiJiieJ tbo indlvi<lUbl curve& give the rote ot heo.tine rcr tho wr1ows 
diou.nc a troll the eel tcd end •s shotm. Fl£. 12 giveu tl1 curv 11 obtalned 
GJtperlJ!E:-nt.cl.ly tor £re welding or m.ld otew. o{ vorioua d1Jlenn1ons. ne. 
15 alveu the plan view ot isothermal linea on am ore welded plate of 10 
tbickneae. Fie. 18 gives a three dimcno1onal vi<m ot the tclcpercture h1&­
tor;y ot the plate raurtace but does not indicate the iaothermol ccmtoura of 
the hoa.t cUuturbod zono in the plate itoelt. 1!.g. 20 aboi?s the cooUna 
rctc~ or Lcetyleno t.nd arc nld&. 
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_______ ............. ..-...... 

,.. 

J'fO U . - /,e,fr!J'MfW ii lllt i19'flflll cl, W, ,di ,I; la I lift" l!-'fl­

.-Wjf'1flfU (IIN'ft.H rl,u •") ti, t'dfi,r {/oa,r (,tm,w ltJ -) 

l'nJtttltill nu I,, ,-I• ti# 14 pl•yv, 

l.e tllngntrnt C (Up-. U) rcpn Alt le rlllp I i 
lhrrmt c1 'un am1d11~ ol) dil~Mnh1nr. (m~lhod 

t'I !! lqut!), rn un 111,lnl qo~lconquc "" I II Ill' dr t!.OU• 

dore : ou1111 IM>tnun tlrer lout d 1ultc lea 11clu11lon1 

uh-.nle" ~ 

--­F ... er.. - I-vii tMt"' • 1!11 llllJttIH i••I. 
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