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Fig. 1 Physical and dimensional structure diagram of the geophone
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vibration
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Tab.1 Material parameter setting of geophone-ground coupling model
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Fig. 5 Independence verification of the grid
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Fig.7 Feature point selection of geophone-earth coupling model
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Tab.3 Response surface optimization test design and results
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(a) Relation between the length of the tail vertebra, the standard deviation of the acceleration coupling degree and the mean value of the displacement
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Fig. 15 Relation between the structural parameters of the tail vertebra and the evaluation index of the coupling degree
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Tab.4 Comparison of results before and after optimization of three shapes of geophone tail vertebraes
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St;; Shape of tail Radius of tail Length of tail Mean value of displacement Standard deviation of acceleration
vertebra vertebra r/mm vertebra L,/mm coupling degree /mm coupling degree /(mm/s?)
ﬁ‘:ﬂ:. FJIJ' . 1 6 70 0.000 63 287.608 8
Before optimization
1 5.0032 152.32 0.000 75 248.684 7
ﬁuﬂ'jﬁ‘ . 2 8.718 68.272 0.000 58 269.149 3
After optimization
3 8.288 3 75.25 0.000 80 257.8313
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Fig. 16 Comparison of models before and after optimization
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Study on coupling performance of tail vertebra-earth sweep frequency vibration of

oil and gas exploration geophone

HUANG Zhigiang' DUAN Yuxing' SONG Xiaowei’ WANG Jie' FU Mingwei' LI Gang'
(1. School of Mechanical and Electrical Engineering, Southwest Petroleum University, Chengdu 610500, China)
(2. PetroChina Dongfang Geophysical Exploration Co., Ltd., Zhuozhou 072750, China)

Abstract: As the key equipment for collecting signals, the coupling performance of oil and gas exploration geophone and
earth vibration affects the quality of collected signals and determines the exploration accuracy. In order to improve the
exploration ability of the geophone, the structure of the tail vertebra of the geophone was taken as the research object. Based
on the single-degree-of-freedom coupling vibration theory, a vibration model for the coupling of the tail vertebra of the
geophone and the earth surface under the sweep frequency signal was proposed. The acceleration, velocity and displacement
response of the received signal of the tail vertebra of the geophone under the sweep frequency were extracted and analyzed.
The coupling degree evaluation index of the mean value of vibration displacement and the standard deviation of vibration
acceleration was established, and the coupling degree response of the tail vertebra of the geophone and the earth was mastered.
Through the geophone receiving test, the maximum error between the acceleration signal received by the geophone tail
vertebra and the acceleration signal received by the test was less than 15%, which verified the correctness of the model and
method. Finally, based on the response surface method, the key parameters of the length and radius of the tail vertebra under
different shapes were optimized. The results show that the coupling degree of the tail vertebra under the triangular pyramid
shape is the best. The coupling mean value of the displacement of the optimized ground-geophone tail vertebra is reduced by
7.94%, and the standard deviation of the acceleration is reduced by 6.42%, which effectively improve the ability of the
geophone tail vertebra to receive signals.

Key words: Vibration coupling performance; Geophone tail vertebra; Coupling performance of swept-frequency
vibration; Structural optimization
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