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Research on Crack Criterion based on Simulation Data of Brittle
Temperature Zone of 690 Nickel-based Alloy Multilayer Multi-Pass Weld
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Abstract: During the multi-layer multi-pass welding process of high-temperature nickel-based alloys, the action of multiple
thermal cycles readily induces ductility-dip cracking (DDC) within the weld metal. This poses potential safety hazards dur-
ing service, and is of particular importance in applications for nuclear power structures. To address this issue, this study, fo-
cusing on the temperature factor within these multiple thermal cycles, conducted experimental and numerical simulation re-
search on multi-layer multi-pass welding of high-temperature nickel-based alloys. Based on simulated thermal cycle tem-
perature data for the cracking region, the relationship between the dwell time within the brittle temperature range (BTR) of
the alloy and crack initiation in the multi-layer multi-pass weld cracking zone was investigated, thereby establishing a crack-
ing criterion derived from the simulated thermal cycle data. Firstly, single-pass welding experiments and numerical simula-
tions were performed to validate the simulation model. Secondly, multi-layer multi-pass welding experiments and simula-
tions were conducted; simulation data extraction points were determined based on experimentally identified crack locations,
enabling the acquisition of temperature characteristics associated with cracking. Based on this research, it was ultimately de-
termined that a dwell time between 71.7 s and 88.1 s within the brittle temperature range, occurring near the edge region of
the test component, constitutes a susceptibility zone for cracking in high-temperature nickel-based alloys. This study pro-
vides a technique for crack susceptibility assessment in high-temperature nickel-based alloys based on simulated tempera-

ture data.
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Fig. 1 Schematic diagram of the mesh model Fig.2 Parameter curves of 508 steel and 690 nickel-based alloys
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Table 3 Comparison of melt pool parameters

LENLE S JRAEA TR /mm JEEEE T8 /mm
SEBR 1.096 7.009
a4 1.102 7.007
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Fig.3 Schematic diagram of the actual and simulated melt pools
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Fig. 4 Schematic view of the slice section
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Fig.7 Schematic diagram of the overall edge weld
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Fig. 8 Schematic diagram of the extraction node
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Fig. 10 Thermal cycling curves of transverse joints of welds of the

same layer
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®4 FEETREIELET £ 700~1 100 °CK iR X 15 B A5
Table 4 The residence time of different weld joints on the same layer

is 700~1 100 °C in the loss temperature zone

x5 FEESEH E700~1 100 °C5 ;8 X (= B Bt

Table 5 The residence time of the adjacent nodes on the same layer is

700~1 100 °C

THl s R i /s K/ THER () Pl K (s) B (s)

N1 N2 N3 N1 N2 N3 N1 N2 N3 N4 N5 N4 N5 N4 N5
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1.2 4.1 5.8 6.8 7 10.9 3.6 3.4 7.1 59 10.7 9.3
2.9 7.9 10.8 35 3.1 8 8.2 11.5 11.3
1.8 9.2 11 39 2.7 4.8 10.2 8.7 12.9
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Table 6 The residence time of the same node with different weld thick-

ness is 700~1 100 °C in the temperature loss zone

FHERHS /s [AR R /s SRS

N6 N7 N6 N7 N6 N7
0 0 6.2 52 6.2 52
2.8 2.6 8.8 6.8 11.6 9.4
13 12 5.8 52 7.1 6.4
0.9 0.9 6.8 59 7.7 6.8
2.1 2.1 9.2 7.6 113 9.7
4 39 6.5 59 10.5 9.8
32 3 8 72 1.2 10.2

1.6 15 8.6 75 102 9
it 75.8 66.5
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Fig. 13 Thermal cycling curves of adjacent nodes
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