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Study on the influence of laser welding and arc welding on the fatigue

performance of car body steel butt joint
Jin Xihong'?, Li Mingming',He Yonggiang'~, Xiao Qian®, Chen Daoyun?, Zhu Weiqiang®, Luo Caiying®
(1. The State Key Laboratory of Heavy-duty and Express High-power Electric Locomotive, Zhuzhou 412001, China ; 2. CRRC Zhuzhou Locomotive
Co., Ltd., Zhuzhou 412001, China; 3. Key Laboratory of Transportion Intelligent Operation and Maintenance Technology and Equipment, Ministry of
Education, East China Jiaotong University, Nanchang 330013, China)

Abstract: To investigate the fatigue performance of typical rail vehicle body base material butt joints and the
regulatory effect of welding methods on them, this study uses two commonly used body materials—Q310NQL2
(plate thickness 2 mm) and Q355ME (plate thickness 3 mm)—as research subjects. Four sets of butt joint specimens
were prepared using laser welding and arc welding processes, followed by tensile and fatigue performance testing.
First, tensile tests determined fundamental mechanical parameters including elastic limit, yield strength, ultimate
strength, and conditional fracture strength for each joint group. These values established the initial stress level for
fatigue testing. Subsequently, the fatigue limit under various survival rates was tested and calculated using the step-
up method, and compared with the DVS1612 standard for analysis. Results indicate that under identical material
and thickness conditions, welding method significantly influences the fatigue limit of butt joints. At equivalent
survival rates and confidence levels, arc-welded joints generally exhibit higher fatigue strength than laser-welded
joints. Further investigation reveals that when the survival rate increases from 95% to 99.5%, the fatigue limit of
both joint types shows a pronounced downward trend. This pattern aligns with theoretical expectations that higher
survival rates lead to increased dispersion in fatigue data and greater conservatism in engineering design.

Keywords: Rail vehicles; Car body steel; Butt joints; Fatigue limit
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Table 1 Chemical composition of base metal ( mass fraction ) ( % )

s C Si Mn P S Cr Ni
Q355ME <0.14 <0.5 <1.6 <0.025 <0.02 <03 <0.5
Q310NQL2 <0.08 <0.30 <0.42 <0.09 <0.0045 <0.352 0.14
s Cu N Als Nb \% Mo
Q355ME <04 <0.015 =0.015 <0.05 <0.1 <0.1

Q310NQL2 <0.28 0.02 <0.017
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Table 2 Mechanical Properties of Two Base Materials

[isss J IR 58 /M Pa(<16) Ui /MPa Wt 5 1 2/ %
Q355ME >355 470~630 >22
Q310NQL2 >310 >440 >26

E 1 MTSLandmark B &{EIRRIE F5iK 164

Fig.1 MTSLandmark electro-hydraulic servo fatigue testing machine
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Table 3 Welding equipment and parameters
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Fig.2 Test Plate Dimensions and Specimen Groove Configuration ( unit : mm )
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Fig.4 Fatigue specimen size diagram ( unit : mm )
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Fig.5 Macrographic morphology of the weld
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Fig.6 Fracture position of tensile fracture specimen
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Fig.7 Tensile test results
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Fig. 8 Conditional fatigue limit diagram
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Table 4 Index value x of MKJ curve

Fet WRETT AER% x

95 4.8667
WO 99 7.0953
99.5 7.977
Q333ME 95 -7.5246
P 99 -5.9264
99.5 -5.3013
95 22287
WO 99 42295
99.5 5.016
QI1ONQL2 95 -6.9067
AR 99 -5.3595
99.5 -4.7627

FHFA (5, ASER DVS1612 FréEA S355 AT Hedz Sk MKI 2k (FFA1E 2% 99.5%) 1EAZIR,
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