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Table 1 Chemical composition of QS00ME steel plate and KGF-70FD submerged arc welding wire

RS/ %
R
C Si Mn P S Cr Mo Cu
Q500ME 4 0.10 0.22 1.66 0.008 0.003 0.35 0.04 0.01
KGF-70FD #4522 0.07 0.21 1.56 0.006 0.003 0.33
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Fig.1 Welding groove forms and weld bead arrangements of steel
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plate with different thicknesses
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Table 2 Welding process parameters

PHEE /

JARAER BRI /A TR/ V (e min-)
FIE 480~520 28~30 500
W7 500~550 30~32 420
Ea] 550~620 30~34 400~420
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Fig.2 Shape and size of tensile specimen
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Fig. 3 Microstructure of weld (a—b), overheated zone (c—d), normalized zone (e—f) and incomplete normalized zone

(g-h) of joint with different steel plate thicknesses
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Table 3 Impact test results of joints with different steel
plate thicknesses at —40 °C
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Fig.4 Macromorphology of joint samples with different steel plate thicknesses after tensile fracture (a—b) and lateral flexion (c—d)
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Fig. 5 Impact fracture morphology in different zones of joints with different steel plate thicknesses:
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(a, ¢) weld center and (b, d) heat affected zone
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Cracking Cause of 12Cr1MoV Steel Header Socket and Connecting Pipe
Welded Joint in Ultra-supercritical Unit

SONG Hongfeng "2, DU Jinfeng 3, ZHANG Xueling !, LI Haizhao 3, QIAO Zhan 3,
ZHAO Yuanyuan 3, YANG Haisong *
(1. NCS Testing Technology Co., Ltd., Beijing 100081, China; 2. NCS Jiangsu Testing Technology Co., Ltd.,
Kunshan 215333, China; 3. New Energy Technology Research Institute, CHN Energy, Beijing 102209, China;
4. Sanhe Power Generation Co., Ltd., Sanhe 065201, China)

Abstract: During 168 h full-load trial operation of an ultra-supercritical unit, cracking occurred at welded joints
of 12Cr1MoV steel low re-export header socket and connecting pipe. The cracking cause was analyzed by macroscopic
morphology observation, chemical composition analysis, mechanical property test and microstructure observation. The
results show that the service temperature of the welded joint of 12CrIMoV steel socket and connecting pipe was in the
reheating crack sensitive temperature range. The reheating cracks were initiated quickly and expanded in the wide heat
affected zone under the superposition of structural stress, constraint stress generated by forced welding and welding
stress which was not eliminated by heat treatment, and eventually led to cracking of the joint. It was recommended
to adopt a same-diameter and equal-wall-thickness connection method between 12Cr1MoV steel connecting pipe and
socket. The strong matching was strictly prohibited in the welding process. Low welding heat input should be adopted
and post-weld heat treatment should be carried out to reduce the sensitivity of reheating cracking.

Key words: ultra-supercritical unit; 12Cr1MoV steel welded joint; reheating crack; stress concentration; strength

and toughness
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Microstructure and Mechanical Properties of QSO0OME High Strength
Steel Plate Submerged Arc Welded Joint

LU Hui', ZHANG He?, LI Zihao®

(1. TSP Wind Power Group Co., Ltd., Shanghai 201508, China; 2. Harbin Welding Institute Limited Company,
China Academy of Machinery Science and Technology Group, Harbin 150028, China)

Abstract: The submerged arc welding was carried out on different thickness Q500ME steel plate with KGF-
70FD welding wire and KGF-102G flux. For the 20 mm-thickness steel plate, the V-shaped groove was machined,
two-layer three-pass welding was carried out on the front side and single-layer single-pass was on the back side. For the
40 mm-thickness sted plate, the X-shaped groove was prepared, four-layer seven-pass welding was carried out on the
first side, and two-layer two-pass was on the back side. The microstructure and mechanical properties of the submerged
arc weld joints were studied. The results show that the microstructure of the weld with different steel plate thicknesses
was mainly composed of proeutectoid ferrite, acicular ferrite and granular bainite, and there was also carbide-free bainite
in the weld with 40 mm steel plate thickness. The tensile strength of the full-thickness (20, 40 mm) tensile specimens of
the joints was 666 MPa and 692.5 MPa, respectively, which were higher than that of the base metal. The joints did not
crack after 180° bending. Compared with those under the steel plate thickness of 20 mm, the impact absorption energy at
—40 °C of the weld center with the steel plate thickness of 40 mm was greater, and the impact absorption energy in the
heat affected zone was smaller. The fracture form of the impact fracture of the joints was the mixture of ductile fracture
and cleavage fracture.

Key words: Q500ME high strength steel; submerged arc welding; mechanical property; microstructure
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