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Abstract: To investigate the applicability of temper bead welding technology in the repair of cast low-alloy steels, Gleeble
thermal simulation tests were employed to assess the influence of secondary tempering on the performance of A217 WC6
and A217 WC9, two types of cast low-alloy steels. Subsequently, welding samples were fabricated using temper bead weld-
ing technology, and the microstructure and performance under as-welded and heat-treated conditions were compared. The re-
sults indicated that after a single high-temperature thermal cycle, the impact energy of A217 WC6 steel increased from 70 J
to 126 J, and the hardness value rose from 154 HV10 to 375 HV10. Following the second thermal cycle, the hardness of
A217 WCE6 steel decreased overall, with the tempering peak temperature significantly affecting its performance. In contrast,
the impact energy of A217 WC9 steel dropped from 77 J to 52 J, and the hardness value decreased from 182 HV10 to 364
HV10, with the second thermal cycle having an insignificant effect on its performance. The trends in performance and hard-
ness changes of the welding samples were consistent with those of the Gleeble thermal simulation tests. It is concluded that

Gleeble thermal simulation tests can determine the suitability of steel for temper bead welding; A217 WC6 steel is suitable
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for repair using temper bead welding technology, while A217 WC9 steel is not as suitable.

Keywords: casting low alloy steel; temper bead welding; gleeble thermal simulation; repair
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Table 1 Chemical composition of low alloy steel base material and welding material (wt. %)

Tk C Si Mn p S Cr Ni Mo Cu w Fe
A217 WC6 0.15 0.40 0.64 0.019 0.008 1.19 0.07 0.48 0.02 0.01 Bal.
A217 WC9 0.10 0.42 0.58 0.024 0.019 221 0.04 0.94 0.03 0.02 Bal.

R307 0.067 0.37 0.70 0.011 0.015 1.14 — 0.51 — — —

R407 0.067 0.38 0.65 0.012 0.016 2.23 — 1.02 — — —

1.2 Gleeble #AE LK LS 77 ik

[m1] 2 R A2 A A B — B B4 i 9 R ) A
AER | TR IAAIE I 19 ] KRR R 2, XA [R] 0
SIEPEES A TENEN N NP C L% i
7535 T A217 WC6.A217 WC ik & 4 4K , AR J 45

SRSV (] OB AR T 2250, il E HAZ AE3E
2k, 53 R BT KA DG AR AL , A
TR EE 200 °C , FHR #4200 °C/s , 55— TR Y I U
JE4 1300 °Cx 1s Ff T 3 15 7 s, 55 18 IR 1
{7 K (550~800)°Cx1 s, B IR K £ M 10 s, 5
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Table 2 Performance of A217 WC6 steel and A217 WC9 steel Table 3 Welding process parameters
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Fig. 1 Metallurgical structure of casting low alloy steel
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Fig.2 Gleeble thermal cycle curves
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Fig. 3 Schematic diagram of the temper bead welding simulation sample
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Fig. 4 Second thermal cycle test results of A217 WC6 steel
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Fig. 5 Second thermal cycle test results of A217 WC9 steel
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Fig. 6 Macroscopic morphology of cast low-alloy steel temper

bead welding
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Fig. 7 Organization and hardness of critical coarse grain zone of cast low alloy steel temper bead welding
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Fig. 8 Measurement hardness comparison in the HAZ of A217 WC6

steel joint
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