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Multi-parameter optimization design for leaf-spring decoupling structure of
tri-axial standard vibrator based on the genetic algorithm

Zhang Xufei'? ,Zhang Fengyang',Liu Xinchao',Ma Jie'

(1. College of Mechanical and Vehicle Engineering, Taiyuan University of Technology, Taiyuan 030024, China;
2. State Key Lab of Intelligent Manufacturing of Advanced Construction Machinery, Xuzhou 221004, China)

Abstract: There are the problems of limited working frequency range and serious output vibration waveform distortion of a tri-axial
standard vibrator, which are affected by the low natural frequency and nonlinear characteristics of the leaf-spring decoupling structure.
Firstly, the natural frequency and output waveform distortion characteristics of the tri-axial standard vibrator under corresponding
changing parameters are obtained through ANSYS modal and transient dynamic analyses based on the determined key parameter
simplified combinations of the decoupling structure. In further, a multi-element nonlinear regression method is used to establish the
regression equations that can accurately represent the nonlinear changing relationships between the natural frequency, distortion degree
and key structural parameters. A multi-parameter optimization of the leaf-spring decoupling structure is implemented based on the NSGA-
IT genetic algorithm. The optimal leaf-spring structural parameters are obtained by increasing the first 3 natural frequencies and bending
mode natural frequencies by 123.95% and 166. 85% , respectively. The distortion is reduced by 36. 83%. Finally, the experimental test
shows that the performance of the tri-axial standard vibrator corresponding to the optimal leaf-spring decoupling structure has been
improved in both natural frequency and output waveform distortion, which evaluate the effectiveness of the multi-parameter optimization
design of the leaf-spring decoupling structure based on the proposed genetic algorithm method. It provides a reference for the optimization
design of other multi-dimensional flexible structures.

Keywords : tri-axial standard vibrator; leaf-spring decoupling structure ; genetic algorithm; multi-parameter optimization

S H 9. 2023-02-09 Received Date; 2023-02-09
# BATH | EHK A RFLAELS (51805360) | LLPE4A S5 114 (202203021211152) 3 H ¥ Bl



168 & L £ ¥ W

a4t

0 3l

T

Fifi 25 0 RE A AR AE Tk AR 7= A 36 R B A 8, = &
LR L RS R PR B A I BB kY MR
W AR S ARSI FH AR AR IZ L O AR IER B
B RN AN B2, 22 T iR 20 A8 o 2 18 FFURH DG B2 R o
PR R M S LS RELREET R T, N
PRAEAGHERE B IR S M HE S RE TR th i IR 3 &5 7= A 1 e
WA FIEAE T PO B AR T 2% 0¥ sh i i 5 0,
X} T = AR sh G R AR AL HE ) = AR ESR B B, H
Tl e R A 0 S, R = R S0 S AR e
JETREE 0 TR i (B FVIR I E 2k BLBESR R il b, > =l
FrufEdR sl & FH AR — il 4z o)) 1% B 2% 10 E I, 3 5 75 34
RO REA TR (5 M L, (ELBE 547 A2 A 384 o, Bl )
B X AR SR AR 2 S Y A, R A
KATHE = BhbrvfEdie 3h &, WP AE R 1 A frp F0 0 el 3
il R G5, i ST = Sl HR S5 5 i R B AR

B XA — bR dR sh & f R A A A AL e Tk, =
WANMEZFI TR T —8HF58 TAE, Umeda 25 JF & (1)
AR = Sh A v ZR e (0 F e T 0 sl R O R e
SCHL TS-10308 78 =4k 3h & 4 12 3 A, Klaus %507
BT AR =Sl 203U 22 48 % =1~ 1E 38 WO Sl 7K i
FREASTICIL = MRS S AR . XA I Lin
AU LT H SR AT T T e i R Sh A v R AR
—HhbRIERR S & AT A AR R R R AR A A
SCPR PR s R AR . SR b AR G — i B A
B R L FET 28 J R TSR S5 SC 2 sl f s,
THERGHNE J A AT R MESE R, AUt He
AV YR BERB TR B RB/ VRS i3 B 2 P25 A T SR |
Vot T8 R S | o 2838 T = iR R 3l 65 4%
15 Sl NI = RS AL, L T 45 AR A ) R P 2 1E 22
RS AR TR 7 1 AR /NI BE S, St e e iy
e FL0 75 WA 2 B0 0 28 S 1e) , 81 58 iz sl g, (0
ST HRTHE B ZEE S M, AR A AE A A
PSSR ANK 114 Y BE 5 44, 52 W) 5 A3 %) R M, 2 1
PR =ik & AR E 4T, A, 3 R 4502
M BE SR Lt TR RE 25 52 mi) =S 30 5 i b 4R s 15 5 1 i
TEI LSRRI RE S SAESR B T R R A
AT, B A BB R T T A Roa i A
AT AR IR AR A8 Sh R A 45 07 T B 9T T A
B I 2 LR, S o A PR R R R R G, 52
T SR L A M S s i) >

BT 5 AL GE 28 SR S iR 2 4 32 IR T H A 2
GRS LR ) B A A% G A% b
RGP B — b AR 30 &5 v L, i R A R b
FARARES M A = ShARiEdR 3h 5 N IS A7 A A AR S

BT ARIRE [ 52 BR B AR LR i Hh BT 2k HL4%
[, AR S SedE T IE SIS BT I B, o i
PR EIR 3 £ R AS A 81 A 3 AR AP 1 5
MBS EAI G, AR5 A BRIT S SRR
I3RS ARAE = RibR IR 20 65 [ A AR B O R
JEETFO AL FUARS RS A G S R A E ML G &
BRI U= 7 A, BT SR AR SCBCHEFF I AL 530k, S B 2
F KA B3R A /Nl HH R Ok ECEESR B0 58 R il R 45 A
KEESHZ Abs 3, B, LML ] 5 R 4540 2
SO L 1) = B b o IR 3 5 AR B4 [ A A B 8 D Ok
BRI B4R LA T SRR A

1 ERXZHRERSE

S AR 3 B RS RO DAL T
it ST A A 2 R SR A S B 3 R s = b
WER B & T AL F AN 18] 1 B, =25 fhl s A 43
BIPRIT 21X 3 Nl B B A SRR IR AS S T R =
RSN S =Rz s B . A5 iR
TP B IESS SRS o F— N B RS Ay
ML EMEEA TR R R PR T HR IEACIE 1,
FPRAEHA 3 355 2Rt ELA AR5 1]

L x Bl R iAo ), il 1 B i A SR
AT« RIS SRS AR IR S F 5 0]
HERRAEL R =iz s -G o R,y 2 BANERSE 5 AR/ A
JFERYE IASEXT =iz sl G « A2 s et S
PEMSEI=Fiz s 75 » MRS AR, S
A EIPRENRSN ST v 2 B AT 2038 o Fe A 3 R S5 A
FHSBURSh g . LT 0L, 2 3 A FRhERAS R e
HARBNE S, 3 20 35 R Al 2 1 L ) 4 P BT 5 B = fhy
it sl 65 AR ELAFRR A =R Eh 55 .

=t Py )
vy HOMNEER
R

)/
ghily Ly B ESSE)Y

z BAMREN )ik

K1 s = hhbr ek ah & 3 f 451
Fig. 1 Simplified structure of the leaf-spring-type

tri-axial standard vibrator
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Fig.2 Leaf-spring decoupling structure
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Table 1 Modal and transient dynamic simulation results for different design variable combinations

Ar e WIT A 20 A/ mm A 3 B[ 45 451%/ Ha 5 R B N9 3 B [ 4%/ Ha ZHMRBBOE R B /%

GRS L b h Ja S Ja o S Sfa T, T, T,
1 78 22.5 0.4 10. 018 8.043 7 8.339 4 32.999 31. 807 30. 220 4.43 4.42 4.47
2 78 25.0 0.6 15.010 9.7022 10.4200 60. 036 56. 814 44. 865 7.38 7.26 7.36
3 78 27.5 0.8 19.908 11.5380 12.774 0 87.678 84.781 80. 948 6.76 6.67 6.73
4 78 30.0 1.0 23.301 13.1540 14.8020 122. 890 119. 530 112. 650 4.61 4. 87 4.55
5 79 22.5 0.6 14.389 9.5349 10.169 0 58.384 54. 473 44.906 7.14 7.06 7.14
6 79 25.0 0.4 10. 274 8.169 7 8.474 9 34.507 33.399 31.762 4. 66 4.63 4. 69
7 79 27.5 1.0 22.905 12.9450 14.5010 119. 280 116. 020 109. 660 4. 60 4. 67 4. 67
8 79 30.0 0.8 20.356 11.736 0 13.043 0 90. 447 87.975 84.246 6.25 6.17 6.23
9 80 22.5 0.8 18.525 11.046 0 12.060 O 82. 655 79.339 76. 030 6.75 7.16 6. 84
10 80 25.0 1.0 22.378  12.6930 14.1380 115. 680 112. 580 106. 900 5.04 5.43 5.18
11 80 27.5 0.4 10. 508 8.282 8 8.597 0 35.960 34.935 33.264 4.82 4.79 4.84
12 80 30.0 0.6 15.822  10.0270 10.084 0 64.423 61.314 60. 108 7.28 7.15 7.31
13 81 22.5 1.0 20.970 12.064 0 13.3130 105. 620 95. 904 92. 843 5.19 5.46 5.31
14 81 25.0 0.8 18.302 10.978 0 12.004 0 81. 039 75.031 77.792 6.71 6. 65 6.71
15 81 27.5 0.6 14. 460 9.6134 10.269 0 59. 090 55.328 45.225 7.03 6.96 7.02
16 81 30.0 0.4 10. 177 8.196 8 8.4815 35.298 34. 055 32. 684 4.61 4.57 4.62
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Table 3 Comparison results before and after optimization
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Fig. 10  Displacement waveform of z-axis vibration test
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