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Fig. 1 Finite element model of excitation of the controlled seismic

source on the concrete road
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Tab.1 Material characteristic parameters of the vibrator plate,

concrete road and the earth

i - wY Lty MEL/N A
; . Material Density p/  Modulus of Poisson
o alena (kg/m®)  elasticity E/MPa  ratio v
SIVAN
lf”, i 2770 71 000 0.33
SEH Aluminum alloy
Plate 16Mn X
212 .31
16Mn steel 7 850 000 0.3
AR A g
Structure bove 454 45 steel 7 890 209 000 0.269
the plate
- e
i L 2600 30 000 0.26
Road Concrete
ﬁiﬁii 1 800 200 0.32
Kb Hard soil
The earth fp A
il 2 600 19,300 0.38
Sandstone
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Fig.2 Load form and loading position
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Fig.3 Schematic diagram of the contact center node of the earth

surface
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Tab.2 Verification parameter of the wave speed

{5 e e I o, 5, AR 22
Simulation model  Theoretical longitudinal ~ Relative error of v, and v,
wave speed v /(m/s) wave speed v,/(m/s) A%
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Fig. 4 Comparison of theoretical and simulated values of longitudinal

wave speed for different elasticity modulus of earth
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Tab.3 Comparison of the excitation performance of two types
of flat plates
GRS LT

Aluminum

PR bR

Evaluation indicators

TR
monolithic I-beam plate

integral plate

BB 2
PRt T 3.94 4.14
Energy down-transfer rate/%
A b LR IR IR
Ground surface contact center point 0.543 0.661
displacement amplitude/mm
HAER 1R
Interaction force amplitude/kN 229.566 262.542
HAERI R A
Interaction force distortion degree /% 26.09 30.14
: 5] M
. Q_ﬁifﬁjji‘i] J.ﬁ 3.09 2.42
Uniformity of interaction forces
o4 EH T R ]
JEERTRI R 5 L 94 20.36

Percentage of decoupling area /%
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Fig.5 Deformation nephogram of I-beam plate
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Fig. 6 Topology optimization results of I-beam plate
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Tab. 4 Mass and stiffness of different types of flat plates
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. 16Mn-I-beam plate 20a-octagonal I-beam plate
integral plate plate plate
JRi i Mass/kg 975.04 533 614.46 533.47 574.23
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Tab.5 Excitation performance comparison of BV500 type vibrators using different types of I-beam plates

H B O AL AE AR

S— AT S TAEMODRIE  TAEMDIREE TAEM A BRI R T
RS Ground surface contact . . . .
Plate T Energy down- ter displ . Interaction force  Interaction force Uniformity of Percentage of
¢ nter di men
ale ype transfer rate/% cene .sp aceme amplitude/kN  distortion degree/% interaction forces decoupling area/%
amplitude/mm
€A )T
L2007 FAR 4.15 0.676 260.994 28.81 2.79 18.42
"I-beam-20a" plate
T T 22800007
AR T 702007 F 40 4.19 0.723 265.478 31.11 3.04 17.52
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I T S 0007
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Fig. 8 Comparison of excitation strength of different types
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Tab. 6 Comparison of flat plate excitation performance before and after optimization

A i PO AR AR

e e figtt e HAEMRIG  GEAEOIRERE  EAEMLHL BRSmRLS
R ES Ground surface contact . . . .
Plate t Energy down- enter disolac . Interaction force  Interaction force 14 Uniformity of Percentage of
aleype transfer rate/% cenere %sp acemen amplitude/kN  distortion degree/% interaction forces decoupling area/%
amplitude/mm
GERSR L
Aluminum monolithic integral 3.64 0.503 188.878 25.77 2.08 14.28
plate
_T= 2
1oMn- LFHEP AR 4.14 0.661 262.542 30.14 2.42 20.36
16Mn-I-beam plate
QUHTE T 240000 T
AP L7200 P 4.19 0.723 265.478 3111 3.04 17.52
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Fig. 10 Analysis of excitation effect of different types of I-beam
plates
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Fig. 11 BV500 type controlled seismic source vibrator plate
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Fig. 12 Test site for excitation of the concrete road
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Tab.7 Test scheme design
WA Wk A BIRIATI g Bl B

Excitation method Excitation parameters

Excitation ground
g Loading time t/s Receiving signal type
surface type

HELE
Continuous frequency sweep/Hz

3~96 Hz

7K ¢ b F R N o
fRIABE Low frequency band: 10,2030 Hz Concrete ground 12 ﬁjﬁﬂﬁ:@ Near field signal
PR ) - WL {EY5 Far field signal
o i B Mid frequency band :40 .50 .60 Hz surface excitation
Single frequency/Hz

5 BE High frequency band:70,80,90 Hz

3.2

HIEE R

R RAEFAR O RCR 5 | AR 3l 3805 A7 A4 5
FRE4 M (Root Mean Square, RMS) X —PEM AR IEY |
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Study on improvement for the excitation performance of BV500 type controlled

seismic source vibrator plate based on topology optimization method

HUANG Zhiqiang' FU Mingwei' XIYuxi’ LI Gang' WANG Ruohao' PU Wei'
(1. School of Mechatronic Engineering, Southwest Petroleum University, Chengdu 610500, China)
(2. Southwest Geophysical Exploration Branch of BGP INC., China National Petroleum Corporation, Chengdu 610213, China)

Abstract: During the operation of the BV500 type controlled seismic source vibrator in Sichuan and Chongqing areas,
due to the improper plate design, the vibration energy down-transfer rate is low and the excitation signal distortion is serious.
Therefore, the continuum topology optimization method was introduced, and a variable density method of the solid isotropic
material with penalization (SIMP) model was used to optimize the design of BV500 controlled seismic source vibrator plate
from two aspects — reducing mass and increasing stiffness, and an “octagonal I-steel-20a” plate was innovatively developed.
After optimization, the mass of the plate was reduced by 45. 29%, and the stiffness of the plate was increased by 79. 92%, the
vibration performance of the plate before and after optimization is studied. The simulation results show that compared with the
original aluminum alloy plate, the energy down-transfer rate of the “octagonal I-steel-20a” plate increases by 15. 11%, the
displacement amplitude of the ground surface contact center point increases by 43. 74%, and the amplitude of the interaction
force increases by 40. 56%. The field experiment shows that when the “octagonal I-beam-20a” plate is excited, the effective
value of the average vibration velocity of the near-field signal of the detector is increased by 22. 23%, and the effective value
of the average vibration velocity of the far-field signal of the detector is increased by 39%, the law is consistent with the
numerical simulation conclusion of controlled seismic source road excitation. The excitation performance of the “octagonal I-
beam-20a” plate is better than that of the original aluminum alloy integral plate, which effectively improves the road excitation
effect of BV500 type controlled seismic source in Sichuan and Chongqing areas.
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