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Research on K-TIG Welding Process of 09MnNiDR

Low-temperature Steel Thin Plate
LIU Wenming, OUYANG Kai, ZHANG Xinming, CHE Changsheng, JANG Jun

(China Construction Industrial & Energy Engineering Group Co., Ltd., Nanjing 210023, China)

Abstract: Key-hole tungsten inert gas (K-TI1G) welding was used for butt welding test of 09MnNiDR low-temperature
steel plate with the thickness of 10 mm, the cross section of the single pass welds at different parameters were studied. The
welded joints before and after post-weld heat treatment were studied from surface characterizstics, macroscopic morphology,
microstructure and mechanical properties. The results show that with the increase of the welding current, the weld penetration
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improves; with the increase of the assembly clearance, the weld width increases. The microstructure of the base metal is ferrite
and pearlite. The bainite precipitates from the microstructure of K-T1G weld zone and cap weld zone; the microstructure of the
cap weld zone is mainly acicular ferrite. After post-weld heat treatment, the columnar crystal in K-TIG weld zone turns to
equiaxed grains, part of the acicular ferrite in cap weld zone transforms to granular ferrite. Under the optimum process
parameters, the tensile strength of the welded joint before and after post weld heat treatment are 524.1 MPa and 481.4 MPa,
respectively. The impact toughness of the K-T1G weld zone is poor, which isonly 6.7 Jat -70 ‘C, and it improves obviously

ISSN1001-3814

to 94.8 J after post-weld heat treatment.
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Tab.1 Chemical composition(wt%) and mechanical properties of base metal and filler metal

R c Si Mn Ni Nb Alt Cu P S HHRE /MPa | -70°CKV /J
09MNNIDR| <0.12 | 0.15~0.50 | 1.20~1.60 | 0.30~0.80 | <0.040 | =0.020| - <0.020 | <0.008 440~570 =60
ER55-Ni3 | <0.12 |040~080| <125 |300~3.75 - - <0.35| <0.020 | <0.010 550~740 =54
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Fig.1 K-TIG welding method and groove type
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Tab.2 The process parameters of K-TIG welding
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6 490 22 4.5 15 20
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Fig.2 Sizes of the tensile sample (mm)
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Fig.3 Surface forming of the K-TIG welds
at different welding currents
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Fig.4 Cross-section photos of the K-TIG welds
at different welding currents
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Fig.5 Surface forming of the K-TIG welds
at different assembly clearances
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Fig.6 Cross-section pictures of the K-TIG welds
at different assembly clearances
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Fig.7 Surface and cross-section morphologies of the welded joint after cap welding
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Fig.8 Microstructures of each region of the welded joint
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Fig.9 Microstructure of the welded joint after PWHT
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Fig.10 Tensile sample morphologies of the K-TIG
welded joints
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Tab.3 Tensile strength of the welded joints

AT

JE5 P X

PAEHLRZS Yok R/MPa A DAs
PAb PR 523.3,524.8(524.1) B X
AP fE 478.6,484.2(481.4) S X
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Tab.4 Impact test results of the K-TI1G welded joint

AL PR 7 qEE VA R R KV, /1
. T4k 7.7,5.5,6.8 (6.7)
PWHT i
P X 200.7,204.9,201.9(202.5)
Jiae 146.2,79.8,58.4(94.8)
PWHT J5 -
A X 205.6,200.7,208.1(204.8)
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Fig.11 Fracture morphologies of impact samples
of the K-TIG welded joint
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Fig.12 Hardness test results of the K-TIG welded joint
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