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Abstract

In order to investigate the hot cracking phenomena of the Inconel 690 overlay welds, the hot cracking test(modified
Varestraint test) was performed by varying augmented strain and welding speed in GTAW. A total of five kinds of
specimens was used in the hot cracking test. The specimens used were two kinds of one layer specimens that were
composed of just Inconel 690 deposited metal and three kinds of double layer specimens that were composed with as
upper part of Inconel 690 weld metal and lower part of SA508 cl.3 or STS 309L. The main results are as follows:

In the welds composed of just Inconel 690, as the augmented strain was more increased and the welding speed was
more decreased, the extent of cracking was more increased. And these cracks were mainly solidification cracks, and
liquation cracks were also observed partially in HAZ. And hot cracking susceptibily of Inconel 690 welds by using
filler metals containing Nb were higher than that of the welds with Nb free. The hot cracking susceptibility of Inconel
690 weld metal was increased with dilution of SA 508 cl.3 and STS 309L, and the influence of SA 508 cl.3 was
higher than that of STS 309L. The results of calculation of ATSC and ATLC in Inconel 690 weld metal changed by
dilution with base metal or neighboring welds were agreed well with the results of hot cracking test in this study.
Therefore, it was expected that the hot cracking was considerably decreased or prevented by using proper welding
conditions such as lower heat input, filler metals, base metal and neighboring welds

(Received December 1, 2001)

Key Words : Ni-base superalloy, Inconel 690, Overlay welds, Hot cracking, Solidification cracks, Liquation cracks, Hot

cracking test

sghg7), AR, g7l dd 2 FRAR

LA B AHEET T 53 Ao $58 Y4z

3l AF7A 2ol AHEse] 9 Inconel 600S ©f

Inconel 690 ZUHEEFE F Y47l Ni-Cr-Fe  Asla] ga8adie] Z71247] A9P AR AR
A A n8ANE TR nedM s A¥ Hz b 2 Inconel 690 SHTEL neTY
A, WA g e JIAE BAgol $53] WEd gl Agel F wguthe BANS T g

330 Journal of KWS. Vol. 20. No. 3. June. 2002



Inconel 690 Q¥ go)-&-H1e] n g Wl

A 05 8

oldel  dA7ARVe  oJaid,  FFE/1E  Mn-
Ni-Cr-Mo7dol Inconel 6908 Hzjo|&s oo
41T ST & g ongel 3%l STS
309L S Qe Fofoa maatdo] & gt
Ae gt TEY TFHE UEE Snadelglen,
AR dsido] AT & e Azt=] ek,
0131??} aege] e SR o3 §3H e
3 2 WA Fol dAEhe 2EYA/AEYQ B
“} 0}143} Inconel 690 GG =AY etz
=& ¥ 83EE e 2A9 3lstzAdo] Inconel
690 2H#Ho| &35 g Pt AL vt
=
meba # AfMe 2A 2 AF owgoled
9] &40l 23t Inconel 690 Qo] &5 %o FE7!
/09| "zl ete] dRuetdA S Bl HE
sttt WtneddAlde GTAWC 23k 4484
o 95l ojfojxlom oluf 8H&T} Fal AEF
& WsA AT aeln ZAlS A S3Fel 34
o o3 #dzrAde WstE AEs] Hsld Mn-
Ni-Cr-Mo% =& STS 309L% Inconel 690 2Ha)
o] &It BEE o|Fn Sv AIFAEL AFeo
Inconel 690FrC.2 o]Fozl A|gH| gt ZAs} n)
o, HESHeH, E3 A o3t 2udd e A3t
ol n|A|& setzxde] Jgl tisiM = AEsIN)

Aem
=il

=

=
©
7

-~

gt

2. MENE H

n
oek

21 AMEBME

Inconel 690 e do] 84 Ee peFddyIL A
Esp7] A3l w2 dGAE (modified Varestraint

test) S 3
FE /‘]"g'_]')a\—- , O]

3 2FF
cl.3 ) Ee STS 309LJ+ Inconel 690 £2H47}
EZo] HEE A2 3572 = slvh

A71M BZFoE A AlPAL, SAS08 cl.3 %
B = yA A"~ STS 309 £-4H
438t Inconel 690 2Bdo] 827} A+ A
< st A Folth. oy 3 Al
24 SA508 cl.3 el SMAWE 2 GTAWES]
Inconel 690 HWEE <ouldglo] &4 slo] Az
2FF9, STS 30919 dg2to GTAWS Inconel
690 HMEE AMESt AR 13FE = o
714 SMAWS GTAWS] 2%F7F<9 SHAEE AL
& 22, mock-up Al olgh HA &3FM #E
WYgo] Aolg mBgow' EF o5 §HARHE
Nb, Mn, Ti ¢ 3etzge] zo|7}t 17| W&ot
a3 EAE F ERE WS AL, HA 53
7} ol& AR IME SHEE 6“30}“1, Inconel
690°] °l& Mae IME A¢ &9 glskzAl
o] Wzl ME FANFH W 7350}7] Az A
olt}.

EE 24 B dd 835 el g ks W
2] 24+ Inconel 690 &2 Aol nHI 74
gk okl ofgE e AlgHoA Y neade
S 2% v, H77] 98k, Inconel 6908 A
HA =0l A8 (SAW) 2ER-Z GTAW &3 glolols
ARGt A2 T TR AEHS ARSI

B Ao @A A&E gstq Aegd 2 ¢
SRR 2182 & Table 1 2 20 YehiAE

A2 0
3TF

>

oz ooz 2

Table 1 Chemical compositions of base metal (wt.%)

Ni | Cr|Fe| C|si|Mnl P | 8 |Ti|cu|Al|Nb | MolCol| V| Ta
STS 309L | 13.2[23.8/60.9]0.01]0.36|1.60/0.013/0.001| - | - | - | - |o.06] - |0.05] -
SA508 ¢l.3 | 0.9 | 0.2]96.4]0.20|0.26]1.37|0.008|0.002| - | - |0.22] - loas| - | - | -
Table 2 Chemical compositions of filler metals for SMAW and GTAW (wt.%)
Ni | Cr | Fe C Si | Mn P S Ti | Cu| Al Nb Mo| Co | V Ta
Inconel 690 - 199 91 10.2]0.03|0.21 | 2.21]0.00710.005] 0.030.01{0.02| 1.81 [0.070.010.01] -
(SMAW)
In(“éﬁ\;?o 60.4/29.2] 8.9 10.03]0.33|0.2110.004|0.004| 0.24]0.10(0.49/0.002|0.01]0.03| - [0.003
I“C((’Slfimf% 54.2/30.4]10.2(0.02/0.27(2.69|0.005|0.004| 0.3210.02|0.08] 1.73010.01] 0.02| - | -
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Table 3 Chemical compositions at 1mm depth from the surface of the specimen with double layers

Ni Cr Fe C Si |Mn| P S Ti Cu | Al | Nb { Mo | Co \Y Ta

SAS08-Inconel 690 46.7125.1124.0|0.06|0.22|2.08/0.007(0.005{0.03| 0.01 |0.07|1.520|0.16|0.01| 0.01 | -

(SMAW)
SAE’O?;;]:&? 690 | 509 24.6| 22.9 | 0.06 |0.32]0.4010.005(0.004] 0.20| 0.08 [0.450.002] 0.12]0.03| - [0.003
STS30§(’I(;:FIZ;3;IQI 690 e gl 28.4]17.2] 0.03 |0.34]0.43]0.005]0.004] 0.20| 0.08 |0.41]0.002] 0.02| 0.02| 0.01 |0.003

Table 4 Chemical compositions at 1mm depth from the surface of the specimen with all weld metal of
Inconel 690 by using SAW and GTAW

Ni Cr e C Si | Mn P S Ti Cu | Al | Nb | Mo | Co Vv Ta
Inc;)srlzév()iQO 54.1| 28.7| 11.9 [0.008|0.49| 2.65(0.009]0.011|0.12| 0.03 |0.04| 1.90 [0.04]0.02] - | -
Inconel 690
AW 58.7| 27.8 | 12.5 [0.019]0.31]0.25[0.010[0.001|0.22] 0.03 | - 0.010.03] 0.02
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