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Elemental Distribution, Microstructure, and Mechanical Properties
of 2Cr13 Martensitic Stainless Steel Processed via Hybrid
Oscillating Laser-Arc Welding
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(1. School of Materials Science and Engineering, Tianjin University, Tianjin 300350, China;
2. Tianjin Key Laboratory of Advanced Joining Technology, Tianjin 300350, China)

Abstract: The development of 2Cr13 martensitic stainless steel has long been sought in the steel industry because of
the excellent mechanical properties, moderate corrosion resistance, and affordable price of the steel, which provide
high profit margins. Studies have shown that hybrid laser-arc welding holds promise for realizing high-quality and
efficient welding of 2Cr13 stainless steel by rationally selecting welding wire materials and leveraging alloying effects.
However, there is an issue of the uneven distribution of alloying elements in hybrid laser-arc welding. To solve this
issue, an oscillating laser beam was used during the hybrid laser-arc welding of 2Cr13 martensitic stainless steel. The
oscillating laser beam can regulate the distribution of alloying elements through its intense stirring effect, which im-
proves the metallurgical behavior and refines grains, enhancing the toughness of the weld. Further, the influence of
the oscillating frequency of laser beam on the distribution characteristics of alloying elements in the weld, as well as

the weld microstructure and mechanical properties, were investigated. Results show that the high-frequency stirring
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effect of the oscillating laser beam on the molten pool enhanced convection in the molten flow, promoted the transfer

of Ni from the arc zone to the laser zone, and reduced the nonuniform distribution of Ni in the weld. The optimized

oscillating frequency was 20 Hz at an oscillating radius of 0.4 mm. For this frequency, the Ni content in the laser zone

was increased from 1.52% when not using an oscillating laser beam to 2.03% when using an oscillating laser beam;

the corresponding fraction of the austenitic phase was increased from 4.7% to 10.1%. In addition, the temperature

gradient of the molten pool was reduced by the oscillating laser beam, which improved weld formation. The average

size of the coarse grain area in the heat-affected zone was reduced from 4.92 um to 3.95 pm, the fracture location was

shifted from the fusion line to the base metal during a cupping test, and the cupping value was increased from 4.82

mm to 5.89 mm, showing an increase of 22%. These results will help deepen our understanding of the hybrid laser-arc

welding of martensitic stainless steel and broaden its application range.

Keywords : hybrid laser-arc welding ; oscillating laser; elemental distribution; martensitic stainless steel ;

microstructure; mechanical property
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Tab.l Chemical compositions of the base metal and filler metal %
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Fig.1 Schematic diagram of the testing platform
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Tab.2 Oscillating parameters of oscillating laser-arc

welding
R IR r/mm IR //Hz
1 0 0
2 0.4 10
3 0.4 20
4 0.4 40
5 0.4 60
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Fig.2 Schematic diagram of microzones used for Ni con-
tent analyses
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Fig.3 Morphologies of composite weld under different
oscillating frequencies
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Fig4 Weld formation characteristics under different
oscillating frequencies
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Fig.7 Typical morphology of the welded joints
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Fig.10 Cupping test fracture location
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Fig.11 Fracture value determined from the cupping test
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Fig.12 Microscopic morphologies of fracture of the cup-
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b FERARALR , 400t DAY ¥ X U B 5 o I RSO0 PR e
PR A ARSI G PR AR EE AP L IR IX I 5 1Y
T LR L REAE S S R A AL, e et S s
AT . IO RE B RE AR, SO KRG i
DKL AR X RRREAS B A AL , S Sk B R P 3] 1
%ﬂ[n].

FARAYRSEIE IR, BARIREE TR T
Hopor A, RVREE Ni Jes 2 b i — 228/, E
JEREE RO AR B AR R IR, O RE L H 0]
FAE PN SRR, 7 Pl PR A7 o i H DTS 2]
WAEAEL , R RO G AE AL 5 B I ) B4, AR B 22
T 28 5 ECERGE M) DXOREL i DX R R | P RE AL
I, MRS 60 Hz B, FAE 00 DR il DX ok i
RLR, KIS MR SRAEBRAR , BITEGAL.

4 & it

(1) WOCHRFHA A KT IR E Rt
Z ISR O, [RIB AR Ot oG A R Z P L
WATERN , FEHE T 9t X i Foc R 5685, SR 4% Ni JC
RO S FERE TS , KA OB X B G R & A
4.7% PEF 2 12.6%.

(2) MR R 10 Hz B, FEE 00 DO XOF
BIgbi RGP 4.92 um FE24 3.35 um; flE AT
k2L 2 60 Hz , V- 34 ff ok ROSF A W 3 &=
5.42 pm.

(3) MHFRSAR N 20 Hz I}, FEEEREL ARSI RE
Wr 24 T B, PR ME W LB - E &
4.82mm 2T7FE 5.89mm, 5T 22%.
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