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TRAC

A study was requested of the heating and cooling cycle of STS
plate contiguous to bead welds from 25% Cr - 20% Ni clectrodes and
Grade EA electrodes to determine the average heating and cooling
curves resulting from the use of these electrodes. The Laboratory's
equipment for full automatic control of welding conditions was used
in making all weld deposits. For the ideniical welding technijues
used, Grade EA electrodes have a higher efficiency of deposition than
25% Cr - 20% Ni electrodes. The greater apount of weld metal deposited
wlll tend to decrease the rate of cooling in the plate odjacent to
the weld deposit for the Grade EA bead weld. A comparison of the
heating end cooling curves in the plate contiguous to a bead weld
with equivalent welding techniques melting squal amounts of plate
metal show no difference in the heating and cocling cycles in the
plate contiguous to bead welds deposited with Grade EA or 25¢ Cr -
207 Ni clectrodes. The difference in bellistic behavior of Grade EA
and 15% Cr - 10% Ni welds deposited on STS plate i3 definitely not
based on differences in thermal conditions.
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AUTHORIZATION FOR TLST

1. Relding test 182 was suthorized by Burecu of Engineering
letter, refercnce (a). Adaitional references pertinent to this problem
ere listed as references (b), (c) and (d).

Reference: (a) BuEng.ltr. JJ46-1/L5(4-2-Ds) of &4 April 1935,
(v) BuEng.ltr. JP/%elding/L5 (3-13-Ds) of 18 March 1939.

{c) BuC&R ltr. JJ46-1(19)(TB) to Director, NRL, via
BuEng., of 13 March 1939.

(d) NRL Report No. K-1544, "Resez~ch of the Weldability
of Iron Alloys," of 2Z1 June 1939.

WJECT QF TEST
2. Bellistic tests conducted by the Buresu of Construction

end Repair indicate thit attachments made to 5TS plates by arc welding.
using 25% Cr - 20% Ni electrodes are far superior to those rade using
Grsde EA electrodes, The difference in the behavior of the weld is
attributed to differences in the retullurgicsl structures obtzined in
the fuslion aress.

3. A study was requestcd of the heating -nd cooling cycle of
2/ STS plete contiguous to bead welds from 258 Cr - <0% Ni electrodes
and Grude EA electrodes to determine the average heating and cooling
curves resulting from the use of these rlectredes.

DESCRIPTION OF LATERIAL UNDER TEST

4. STS plates of a size and quantity sufficient for the
tests were surrlied by the Bureau of Construction nnd Repeir. The
chemicel snalysis of this plate raterial is given in Table 1.

5. Two S-pound boxes of <5% Cr - 27L Ni electrodes 3/16%
in diametar, hesvy-coated, were slso supplied by the Burecu of Construc-
tion and Repeir. Chenical analysis of the core w.re is given in
Tatle 1. For the Grede EA 2lectrode the Laboratory's supply of No., 78
irco, /16" in dizazeter, was used in these tests.

LETHCDS QF TooT

6, The Laboretory's equipment for full cutometic control of
welding conditions was used in rsking #ll wcla deposits.

7. Thernel conditions heve been est: ciished showing the
cycle of tempernture through which the retal adjacent to the deposited
metzl passes. In the deterrination of this tinmc-tempersture relation
pletinum to platinum-10 per cent rnodium taermocoupl.s mede from
No. L0 B&S gouge ®ire were mounted in @ 2 mm tlhermocouple tubing and
inserted into holecs drilled in the botton fuce of the t:st plute, the
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being located so ~s to be at various distinces fror the
“l. A movie curers was used for ezch thermocouple to
ore #neously *he trinslent readings of o mil.ivolt reter

nd o stop watch a&s the bead weld was mude on the top face of the

test plote Readings of the teanpersture of the weld deposit were also
mede using an opticul pyrormeter. The plate wes sectioned afte r deposition
of the weld metal to determine *he locwtion of the \herrccoupltg with
respect to the weld deposit. The bends were «lso sectioned for mucro-

[oF

hermocoyuyle
e; s1ted e
q

,1

7, After preliminury thermal runs, it wa: found thet the
amount of iapuaitud cetal with identicel welding technigues wes not

eaunl. Hence, n series of bera selds were deposited using 145, 175,
<05, 235 rnd 0B5 amicrcs current vith n 25 volt are and specd of trave!
Iy

H
7 6 inche: per minute, vith both the Cr-Ni nd Groge EA electrodes.

After plotting these dats it is possible to establish ejquivilent
weldin{ tnriniques for both the Crude EA and 5% Cr - (O% Ni electrodes
(see Plute ).

9. Firal date for the time-temrersture rel.tion were obt:ined
using enulvelent welding technijues for *the two electroces. The
S5 Cr - 00F NI bead weld was mede using reversed polerity, 175 Lrperes
13 r ’ »
<5 volts, «nd & inches per minutc trevel., The Gride EA electrode bead
weld was mide using reversed polarity, 155 amperes, <5 volts, and
A inches r-—r minute.

UAT, WECQRIED DURING TEST

17, The time-tempernture relation for identicsl welding
rechnicue: (175 amperes, 25 volts, € inches per minute travel, reversed
solarity) Lo snhown in Plates ) end 2. Plate 3 iilustratss the «4ifTercnce

in size of beads obbiined using 1denticil wedlaing tiechnizue with the
alove elvetraies,

11. The reletlon of the ares of the plate meited {(as measurcd
on mncro-cross seclions of the bead weid) to the welding current
for Grade EA and <57 Cr - 20% Ni is shown in Plste 4. Fron these date
it is poscible to set up "equivilent” welding techn.jues which will

) T \ Vo oo -
produce an esuivalent gelting effect on the plute material.

1. The time-tecpersture reletions for "equivalent™ welding
ternnyiues sre shown in Plate 5 arnd Plate €. The 25% Cr - 227 Ni
tend weld was rade using reversed pelerity 179 .mperes, 5 volts,
and € inches ver minute travel. The Grade ZA < lectrode btend weld
me S medc us;né reversed polarity, 165 amperes, 25 volts, ana £ inches

er minuts

L? The meximum temperature attained

i ITS oY i,

tre w11 oaeposit in the STS piates welied
. o N
fohinloues 13 3hoan by Plot
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ONCLUSIONS AiiD RECOMMENDATIONS

(a) Facts Esteblished

14. For the identicel welding technijues used, Grade EA slectrodes
vzve 8 higher efficiency of deposition than 5% Cr - 20% Ni electrodes.
The greater urount of weld metul deposited will tend to decrease the
rote of cooling in the plate adjscent to the weld deposit for the
Grade EA bend weld,

1s5. The thermsl conditions in the plate contipuous to Grade EA
and 25% Ur - 20% Ni weld retal, are identical if “ejulvalent® welding

techniques ure used,

{t) Discussiun of Data

16, It is to be noted that in Plate 1 and Plste 2 with identical
welding t«~hni~ues the cooling rcte is somewhat slower for the larger
vead or the Grade EA clectrode, Rith the Grede FA tead weld, after

¥ second: the plate temperature reasures very nearly <50°C., while

#ith tre (2% Or - J0% Ni bead weld the plate teérperature is cpproximately
500C. lower.

17. Irn order to establish "equivalent” welding technijues,

& series of bead wells were deposited using Grade FA and 25% Cr - <0% Ni
“lectrodes. Plite 4 shows the results of these tests. In all cases

“or any g ven current the ares of the plate .elted is greater for *he

tA eleatrode then it is for the <5% Cr - 20% Ni e¢lectrode. A horizontzl
l.ne wiil in*ersect the curves st points indicating enuivelent welding
techniyues; for ex.mole, a current of 17% ampercs using the 25% Cr -

0% N --ocnende is epuawvelent to s current of 155w peres using the

Grad: booo-ovr siae

L2 Joirao e ounvsient welalng technijues, Plote S end Plate ¢
Show no oot Pie ditfersnce in the thermzl effects in the plate
rren cont Lpunus tn tns deposited besd welds.  The consistency of the

thermal effe¢ 15 Turther broupnt Hur by the coincidence of the date

rregenten i Plite 7.

b 2 o) e RSNTAR O BRI Ve Y Koy
JUMMARY AND ToONCLUZIQNS

e [r. the uresent tests = cowparison of the henting ond cooling
curves Lo the piate contisuous to u bead weld shos with identical
peloiow teehnioue. o slover coeling of the plate with the bead weld
dep o Ltet o thoan EA +loectrode than with s 25% Cr - 0% N1 oelectrode.
Thi© wen ae to the Turt that e larger beud was Jepositea by the EA
eioot oete . The necting TyCles were coulvelent.

N $ocompnrcaon of the heating znd cogiin, curves in the
it sorntryuun tooa weat weld with exuivalon? welding technijues

we it ine xual cmownt s of piste metol show no ifference in the hea'ing
: e e plate contigucus to bead anius depesited
yoorv Lrene RBpocr ST D - J0% N1« leoctrodes.


































