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Fig.1 Structure diagram of shear wave seismic source
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Table 4 Test parameters of fatigue specimens
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278 47324 2.4440  22.608 8
295 4.5284  2.4698 22.5935
H 297 4.5041  2.4728 22.5911
300 4.4800  2.4771  22.598°5
320 4.2681  2.5051 22.5914
H= 322 4.2370  2.5079 22.5807
328 4.1967  2.5159 22.5989
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Fig.17 Comprehensive stress-time curve of dangerous nodes

®6 SREIANATHREIFRYIIRGE
Table 6 Number of cycles and damage under

multi-stage cyclic stress

K o, ATER TR -1 & IE X FRYE PR L
I ,K = Q/e + 1/8 — 1 SVB BT R4, Hrh ¢ WAL PR TEFRUE N it D
WAER SR ZBC? | e BT RB, B R SVB NLJy S/MPa
RIEPRERE, C 5 m IR E, 8 A 1) SOk 102. 89 1.24 x10° 8.07x10"
[23 247 J0 4 T35, 15 3] SVB A9 KB IE R L 116.95 4.85 x10° 2.06 x10°°
H, W5, Wik, 453 SVBEIE S — N ik W=t 117.76 4.62 x10° 2.17%10°°
9. 98.28 1.73 x 10° 5.77x107
lgV' = 22.5933 - 7.3144 1go_,, - 90. 14 3.26 x 10° 3.06 %1077
7.31441¢2. 40 (9)
*5 EBRTHRS-NHLEERHEE
Table 5 Value of correction coefficient of SVB S — N curve
Rob#¥e RERSREB AR NETREQ SVBIBIERRK  #EHE1eC ENE L m
0.782 0.85 1.74 2.40 22.593 3 7.314 4
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*x7 AREEERTANESES
Table 7 Fatigue life of dangerous nodes

with different sections

*8 FEERFHREEINGNESFRRITER

Table 8 Statistical results of fatigue life of

SVB in construction site

HAas kR TEFIR B 7 55
(TR BN/IR S FH i/ a
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2L
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Stress response analysis and fatigue life prediction of baseplate with
seismic source, considering post-weld heat treatment

CHEN Zhen', WANG Qiaomu' , HUANG Zhigiang' , ZHANG Senji' , JING Shuang', HAO Lei*, SHUAI Jun'

(1 Department of Mechatronic Engineering, Southwest Petroleum University, Chengdu 610500, China;

2 Bureau of Geophysical Prospecting, China National Petroleum Corporation, Zhuozhou 072751, Hebei, China)

Abstract: To enhance the accuracy of stress response and fatigue life predictions for the Seismic Vibrator Baseplate (SVB) during the
excitation process, this study incorporates Welding Residual Stress (WRS) and post-weld heat treatment. Numerical simulations were
conducted in a sequential manner, following the processes of welding, heat treatment, and SVB excitation. In this paper, we developed
a welding model for the SVB and a coupling model between the SVB and the ground. These models were validated using thermal cycle
curves of the weld nodes and elastic wave velocity curves of the ground, respectively. The MARC finite element software was utilized to
simulate the welding process and analyze the post-weld heat treatment of the SVB. Subsequently, the residual stresses resulting from the
heat treatment were applied as a preload to the SVB, and the stress response was analyzed. Finally, using the results from the numerical
analysis, the fatigue life of the SVB was predicted by adjusting the S — N curve according to Miner’s theory. The study findings indicated
that the overall stress level of the SVB was significantly reduced and more evenly distributed following heat treatment. The maximum
stress value decreased from 689. 1 MPa to 400. 2 MPa, resulting in a stress reduction of over 41. 92% , which significantly enhanced the
fatigue strength of the SVB. During excitation, the stresses in the SVB increased significantly and were unevenly distributed. Notably,
the maximum stress at the tip of the SVB teeth reached 595. 6 MPa, while the stress in the weld region of the SVB teeth peaked at 434. 4
MPa. The calculated fatigue life of the SVB is 9. 57 a, showing a 9. 87% deviation from the field statistic of 8. 71 a. The findings of this
study provide a theoretical foundation and valuable reference for the structural optimization and lifespan enhancement of the SVB.

Key words: safety engineering; seismic vibrator baseplate; finite element analysis; fatigue life prediction; modified S — N curve
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