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Structural Optimization of Seismometer Adjustment Platform
Based on Response Surface Method
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Abstract: In order to easily implement the unmanned installation and levelness adjustment of the seismograph adjustment
platform, a response surface optimization method for the lightweight of the adjustment platform structure was adopted.
Based on the statics analysis and structural parameterization of the seismograph adjustment platform, the key parameters
affecting its mass, maximum equivalent stress and maximum displacement deformation were obtained with the aid of
parameter sensitivity analysis. The quadratic polynomial response surface method was used to adjust the platform to the
response surface fitting, and MOGA genetic algorithm was used for global optimization. A comparative analysis of the
indicators of the adjustment platform before and after optimization was carried out. The results show that the maximum
equivalent stress is reduced by 41% , the maximum displacement deformation in the weak direction is reduced by
5.6% , and the mass is reduced by 12. 8% . This response surface optimization design not only achieves the effect of
weight reduction, but also improves the stiffness and strength of the device.
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Structure of adjustment platform

Figure 1
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Figure 2 Adjusting parameters for

platform deployment adjustment
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Table 1 Commissioning conditions
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Figure 3 Stress and total displacement deformation

cloud map of adjustment platform
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Table 2 Maximum displacement deformation variable
and stiffness value in X, Y and Z directions of

adjustment platform
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Figure 4 Displacement and deformation cloud map

in X,Y and Z directions of adjustment platform
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Table 3 Parameterized size

b7 WIHE/ mm AL X [F]/ (mm, mm)
SAFENEAR D, 30 [27.0,33.0]
SMEREJEL T, 2 [1.8,2.2]
HhrcEFE H, 200 [180.0,220.0]
W5EshE A% D, 30 [27.0,33.0]
WNICRERE T, 2 [1.8,2.2]
7 B H,y 150 [135.0,165.0]
g S5 AN E TP RS L 30 [27.0,33.0]
BAERR L AR Dy 8 [7.2,8.8]
BCHE I 5 B LA HAR D, 8 [7.2,8.8]
BRI 5 AR LAY ELAR Ds 8 [7.2,8.8]
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Figure 5 Design parameter structure

model of adjustment platform
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Figure 6 Dot plot of experimental samples
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Table 4  Design point of CCD method

Fe  P/mm Py/mm  Pg/mm  m/kg  o/MPa 8/mm
1 27.00 2.10 8.00 2.73 50.51 0.005 41
2 33.00 2.13 8.00 3.01 48.80 0.004 98
3 30. 00 2.05 8.80 2.87 48.91 0.005 03
4 29.10 1.94 7.77 2.78 57.89 0.005 38
5 30.00 1.80 8.00 2.71 49.82 0.005 45
6 29.10 1.94 8.22 2.74 47.36 0.005 27
7 30. 80 1.94 7.25 2.82 50. 68 0.005 77
8 29.10 1.94 7.89 2.79 53.56 0.005 48
9 30.40 1.94 8.22 2.83 48.63 0.005 35

10 30.00 2.08 8.74 2.91 54.78 0.005 52

11 28.40 2.18 8.00 3.01 48.80 0.004 98

12 28.00 2.00 7.57 2.88 48.67 0.005 24

13 29.60 1.81 7.68 3.02 49.33 0.004 92

14 31.20 2.16 8.21 3.00 51.24 0.005 20

15 28.80 1.89 8. 64 2.81 49.62 0.005 22
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Table 5 Value of fit evaluation
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Figure 8 Scatter plot of fit degree
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Figure 9 Response surface of P, and P, together

XEF BTG, 7 S R A s B A %
TR, R AT RE T R e 1 A B s JEE T M 1) 25K
AR5 22 FUAR IR AR S A5 21 i o L7 18T, A SE 56K
MOGA 53kt 47 Z HAR{LAL. 12 1] MOGA 5 3k5K i
RS AR S 3 TR , BB ARG S R, il L
B R EF RN T e KA RS 78 R 5 i de /N O 2 R A
PEATZ HARE R o SRR A5 LI EE - & 1 BoORF L
I3 B KRB TE AL MBS HE b i) = AU 4]
WNEE 10 Frce MIEL 10 A 21 3 2 d G ik A A ik ik
ML UNER 6 TR

WL i | AT i DR S8 A ) B R B T 7
JEAUCLIR AR IR, AR 6 AR 3 i 2 il Ao i o,
2 REEAT A IR AR R 5 S BN T R B K iR
emi 2 T A 2B o [ B85 LA i SR A
WRCRINZR T FroR .

.U &

PRBTEAL/pm
5

5.00 1

B 10 =ZmdrE

Figure 10 Three dimensional trade-off diagram

%6 fAIEL S

Table 6 Candidate point for optimization

fege i Py/mm  Py/mm  Pg/mm  m/kg  o/MPa &/mm
1 27.000 8.590 1.801 2.503 37.81  0.005 1
2 27.050 8.680  1.802 2.499  31.19  0.0050
3 27.000 8.710 1.802 2.493 28.84  0.0053

AT KA RF

Table 7 Comparison of optimization results

25 Py/mm  P;/mm  Pg/mm m/kg o/MPa  §/mm
PeALHT 30.0 8.0 2.0 2.87 52.8 0.0053
ALK RS 27.0 8.5 1.8 2.50 31.1 0.0050
AR % -12.8 -41.0 -5.6
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