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Fig.3 Ultrasonic phased array one-dimensional linear array sector

detection model
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Fig. 6 Ultrasonic testing results
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Tab.1 Defect parameters of butt joints with different undercut

depth defects

PR W R /mm W S /mm
2-2-1(1) 0.4 6.50
2-2-1(2) 1.08 6.03
2-2-1(3) 1.75 6.86
2-2-1(4) 2.63 6.57
2-2-1(5) 3.70 6.07

1.3 KA EREE

AR YA B 2 B8 GB/T 13816—1992 1743 il % 4% 21
IAFEAT IR s A 57 10, i in A IR 2 i LA SR A
PRI BB IR R, 9 57 1B % 4% 4 SDZ0100 AL H
1A i 2 % 57 G AL, AN B 7 R . KRR A
KPP g b fe , A B R e BB R T Sk
R, PRE R g0 55 1050 ML Je 15 Ja AN P A2 B A AN S
J KR AR R ATy ) 5 AR TR L, R A =, B
G [ 5 - I i A8, B WA 1k

R2 SFEASILERBETFERIRESH

Tab.2 Defect parameters of cross joints with different porosity

defects
A S SAEE/mm K fLEAR/mm FEES /mm
4-2-1(1) 0.8~1.2 10.55
4-2-1(2) 0~1 1.2~1.6 9.80
4-2-1(3) 1.6~2.0 11.34
4-2-1(4) 0.8~1.2 12.24
4-2-1(5) 1~2 1.2~1.6 11.28
4-2-1(6) 1.6~2.0 10.98
4-2-1(7) 0.8~1.2 11.14
4-2-1(8) 2~3 1.2~1.6 10.57
4-2-1(9) 1.6~2.0 12.50
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Fig.7 Testing machine of the tensile fatigue
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Tab.3 Cross joints test results

SR o 72 A NEFTAEARIE T I 5 A
AF/N Ac/MPa N/10*
1-1-1(1)  1752.22~17522.22 63.08 AW
1-1-1(2)  2347.22~23 472.22 84.1 ENL
1-1-1(3) 3 169.72~31 697.22 114.11 654.4
1-1-1(4)  3502.22~35022.22 126.08 596.6
1-1-1(5)  4079.72~40 797.2 146.87 321.0
2-1-1(1)  1752.22~17522.22 63.08 605.6
2-1-1(2)  2347.22~23472.22 84.1 335.2
2-1-1(3)  3169.72~31 697.22 114.11 125.9
2-1-1(4)  3502.22~35022.22 126.08 80.3
2-1-1(5)  4079.72~40 797.2 146.87 41.9
3-1-1(1)  175222~17522.22 63.08 AW
3-1-1(2)  2347.22~23472.22 84.1 687.1
3-1-1(3)  3169.72~31 697.22 114.11 331.4
3-1-1(4)  3502.22~35022.22 126.08 287.4
3-1-1(5)  4079.72~40 797.2 146.87 157.0
4-1-1(1)  1752.22~17522.22 63.08 AW
4-1-1(2)  2347.22~23472.22 84.1 484.2
4-1-1(3)  3169.72~31 697.22 114.11 257.0
4-1-1(4)  3502.22~35022.22 126.08 211.5
4-1-1(5)  4079.72~40 797.2 146.87 101.5
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Fig. 8 Test data of joints in S-N curve of BS 7608:2014 standard
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Tab. 4 Test results of butt joints with different undercut depth

defects
L WEIITREE, W AEAIEE il 57 .
%5 ARl 3%
e s mm Ao /MPa F4w/10* AR %
2-2-1(1) 0 223.53 75.8 0
2-2-1(2) 0.44 223.53 60.5 -20.2
2-2-1(3) 1.08 223.53 254 -66.5
2-2-1(4) 1.75 223.53 28.8 -62.0
2-2-1(5) 2.63 223.53 32.7 -56.9
2-2-1(6) 3.70 223.53 25.6 -66.2
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Tab. 5 Test results of cross joints with different porosity defects

KI5 AL E /mm AALAEAR/mm WAL Ao/MPa IR 55 F4n/ 10° AL 1%
1-1-1(4) 0 0 126.08 596.6 0
3-2-1(1) 0.8~1.2 126.08 187.2 -68.6
3-2-1(2) 0~1 1.2~1.6 126.08 165.4 -72.2
3-2-1(3) 1.6~2.0 126.08 154.9 ~74.0
3-2-1(4) 0.8~1.2 126.08 288.4 -51.7
3-2-1(5) 1~2 1.2~1.6 126.08 267.4 -55.2
3-2-1(6) 1.6~2.0 126.08 256.1 -57.1
3-2-1(7) 0.8~1.2 126.08 273.7 -54.1
3-2-1(8) 2~3 1.2~1.6 126.08 261.5 -56.2
3-2-1(9) 1.6~2.0 126.08 252.3 -57.8
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Fig.9 Calculation process of the equivalent initial crack value
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Fig. 10 Simulation result of butt joints

Tab. 6 Fitted fatigue life and debugging parameter a/t of butt joints with different undercut depth defects

g WS mm FEXT I TR /mm IR 57 A7 /10 alt A5 A i/ 10°
2-2-1(1) 0.4 0.088 60.5 0.013 60.5
2-2-1(2) 1.08 0.216 25.4 0.072 254
2-2-1(3) 1.75 0.350 288 0.062 28.6
2-2-1(4) 2.63 0.526 327 0.052 32,6
2-2-1(5) 3.70 0.740 25.6 0.071 257

2.3.2 SARRAINLZTTFHK

Fi RO 1) 4 Sk RO BEAT RS o 1 A PR oo
B, DL 8 1 RS AR SR IC 2 42, 6 719 A T TH AR BT R
i EAT AT R IC A% R 43, BT BE O 0.3 mm, A%
B 300 757, 71 s AR A 330 090, R 5 IS AH
[7] 149 249 5 K o 8 7 =X B8 R (9 55 5 i, A B
SERME N TR, BRI S o E TSR
TR

Ty A N
4.945 7X10°
4772 1X10°
4.604 5% 10°
4.442 8 10°

4286 8X10°
4.136 3% 10°

& 11

TFRELFEER

Fig. 11 Simulation results of cross joints
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Tab. 7 Fitting fatigue life and debugging parameter /7 of cross joints with different porosity defects

K SALBREE/mm AL TR /mm AL/ mm X997 57 Fm/10* alt WA ST F i /10°
4-2-1(1) 0.8~1.2 187.2 0.048 186.6
4-2-1(2) 0~1 0~0.2 1.2~1.6 165.4 0.057 165.2
4-2-1(3) 1.6~2.0 154.9 0.062 155.1
4-2-1(4) 0.8~1.2 288.4 0.020 289.3
4-2-1(5) 1~2 0.2~0.4 1.2~1.6 267.4 0.025 265.6
4-2-1(6) 1.6~2.0 256.1 0.027 256.9
4-2-1(7) 0.8~1.2 273.7 0.023 274.7
4-2-1(8) 2~3 0.4~0.6 1.2~1.6 261.5 0.026 261.2
4-2-1(9) 1.6~2.0 252.3 0.028 252.7
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Fig. 12 Fitting result for undercut defects
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Research on the influence of welding defects on the fatigue life of welded
joints and evaluation methods

LI Xiaofeng' ZHENG Yuhan’ ZHANG Dailin® ZHANG Qiang”® WANG Shuai*’
(1. College of Mechanical Engineering, Dalian Jiaotong University, Dalian 116028, China)
[2. Zhan Tianyou College (CRRC College), Dalian Jiaotong University, Dalian 116028, China]
(3. Department of Technical Center, CRRC Qigihar Rolling Stock Co., Ltd., Qiqihar 161002, China)

Abstract: [Objective] Welding defects are the key factors which affect the welding quality and structural property. In this
research, the influence and evaluation method on the fatigue life of welded joints with welding defects, which was
Q450NQRI high strength weathering steel, were discussed through tests and numerical simulation. [Methods] Firstly, cross
joint and butt joint specimens with different defects were prepared, and the defects of the specimens were quantitatively
analyzed by ultrasonic detection method in order to ensure the effectiveness of the test specimens. Secondly, fatigue tests
were carried out. The influence regularity of the anti-fatigue performance of cross welded joints with different types of defects
was analyzed based on the S-N curve of BS 7608:2014 standard. Finally, based on the tests, an equivalent modeling method
for joints with different welding defects was proposed. [Results] The results show that the influence degree of different types
of defects on the fatigue life of cross welded joints is as follows: undercut defect > misalignment defect > porosity defect, and
the levels of anti-fatigue are F, E and D. The equivalent initial crack values of different defects were obtained by using the
equivalent modeling method of welding defects. And the fitting results of different defect sizes and equivalent initial crack
sizes were obtained by least square method. The research results can provide references for the fatigue life evaluation of steel
welded structures with defects.

Key words: Q450NQRI1 steel; Welded joint; Initial defect; Fatigue test; Equivalent crack
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