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Effect of peak temperature of welding thermal cycle on microstructure property
of heat affected zone of 1 000 MPa grade ultra-high strength steel
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XU Bowei, CHENG Yefeng

(Xi’an Thermal Power Research Institute Co., Ltd., Xi’an 710054, China)

Abstract: In order to study the microstructure properties of different regions of welding heat affected zone (HAZ)
of 1 000 MPa grade ultra-high strength steel, the samples of test steel at different peak temperatures of thermal
cycle were prepared by welding thermal simulation technique, and the impact toughness of different regions of
HAZ was studied through Charpy impact tests. The results showed that, in the subcritical region of HAZ
(SCHAZ), the intercritical region of HAZ (ICHAZ) and the fine-grained region of HAZ (FGHAZ), the samples
had relatively high impact absorption energy, crack propagation energy and dynamic impact toughness, and a
large area of fiber region and shear lip formed on the fracture surface. Toughness dimples of different sizes can be
seen at the microscopic level. The samples had good impact toughness. In the coarse-grained region of HAZ
(CGHAZ), all impact data of the samples sharply decreased, and the fracture showed a macroscopic brittle
fracture, almost all of which are radiological regions. At the microscopic level, it showed quasi cleavage fracture
characteristics, indicating that the resistance to crack propagation decreased, and the time for stable propagation
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decreased after crack initiation, and the instability propagation was fast. The impact toughness of the samples
deteriorated, and the CGHAZ region was a ductile valley region in HAZ. The results showed that the coarse
grains and the coarse M-A island were the main causes of embrittlement in the CGHAZ region. The conclusion
lays a theoretical foundation for the selection, development and engineering application of 1 000 MPa grade

ultra-high strength steel in hydropower projects.

Key words: ultra-high strength steel; welding thermal cycle simulation; welding heat affected zone; impact

absorption energy; fracture toughness
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Fig.1 Schematic diagram of heat affected zone
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Tab.1 Chemical composition of the experimental ultra-high strength steel
JLEK C Si Mn P S Cr Mo Ni Cu B Nb Ti \% Fe
FREABEIME 0215 0222 1245 0011 0004 0460 0533 0607 0035 0002 0019 0015 <0.005 FHA
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Fig.2 Microstructure of the experimental steel
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Tab.2 Welding thermal simulation test parameters
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Fig.3 Thermal simulation curves of different parts of the
heat affected zone
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Fig.5 Impact absorption energy of the experimental steel at
-40 °C with different peak temperatures of thermal cycle
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Tab.3 Instrumental impact test results of the experimental
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FERIAE  RGUHE Hay MR BRI
ORE AEB Wil e Wyl AeR Akld Jial (kI m2)
40.9 8.0 48.9 628.6
BER
343 9.4 437 527.1
423 41.0 83.3 650.1
650 C
441 52.8 96.9 677.8
55.2 422 97.4 848.3
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56.5 51.0 107.5 868.3
49.7 347 84.4 763.8
950 ‘C
47.1 37.1 84.2 723.9
271 73 34.4 416.5
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18.8 71 25.9 288.9
155 55 21.0 238.2
1300 C
123 36 15.9 189.0
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Fig.7 Dynamic fracture toughness of the experimental
steel at -40 C
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Fig.8 Macro-morphologies of the impact fracture of base
metal and different regions in HAZ at —40 C
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