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Fig. 1 Position of any point P in the plate
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Fig. 2 Geometry, load and boundary conditions

AR SCR IR 2 & 0 3k A 0 R R R O R 4
A A I K BRUBE 22 A e ROBORS A L {H K4
i D BB B o 5 B T RS AR 0 2 1K R 4t
Tr=A 0 M DI A B ik AN WSSO R 2 IX B
B Sy — 7 SRR ARSI 2 R 5 A
W IR 25 R e ) A A B R 48 Ty R SR e v i
Koo HRU I8 AT AT e A A A 00 3R 2R A A5 A
LAY BELE FE & KTl 5 BELJE e 1o AH A 25 1 4R 30
ANFIRG AR SR B DI RE . S0 e BOAG A
A B A 28 OB S i B LU AR T 1. gt at
S ARTGIEYT 30 Bradas i e FUAR/N T 1L B Ak
A LEH 30 B 4 A S



2 KA A F

T Z R A M R 4R AT T A 2 AURIR 98 AR AL 139

5.2 fRULER

B b v IO R 2 A AR AT AT e R E
b5 il H bR eR B BB T S R SR LA 107, 3% 2
HIEE 2~4 A7 45 0 T ARl T 1 e i ds bl ik
ZEMIR IR R L H AR . &5 5 4T max Frquency 25 1
TR e KA B LA S5 ) 3 R — A BRI Ay A
ML o SR KAk 0[] AL Ak 3 AT Ry

min. —f3 (25a)

0B

sst.—w/Me, +K$p. =0 (G =1,2,)
B<w, (=1:2,-,n) (25b)

(14c ~ 14d) (25¢)

K n, ARG B R R A SCE R 3,
TSRS U, SR T E R Y R S
P BARA T 2 0 scEk 23],

B 2% 2 W] H1, Bl 25 A ol A 3G, 48 An A A AR
BB A A [a] AR R AR . B R 2 5 4
BB A, B 0 rad/s A1 2000 rad/s W4 4k 3 1T
Ko A8 b Bl 3 HE RS AR W R . S R R
F| 4000 rad/s, LAk B T v H BY ARE IR BT R
B K3 & 1 7E B 0 rad/s, 2000 rad/s I
4000 rad/s T BYFEFR{E 5351 4 1854, 85,1442, 69 I
1564. 16, b 48 brfe /MU T 998 FR H K 25 50 ~60
5 o Vb WX AR ] 0, A8 Ak B 3 I R S 7 op s
far 8 F & D RS/ It. B3 4l TRIR IR
TR 2000 rad/s BFRARIETHEE AL D MR A%
PR R aFFR AT 26, 7T LUE s bR it L v 1R i 1 9
R D B AR iR Bl 5 B DL Ul B SR 0 B/ INE TS A
RERE I/ NI S5 M B IR B . R 2 W] B R R
BETH R b e /I B T 08 SR 430 RN A RS — 4, 3K U
WY LA R B PE RE AR B AE R H Ar oR 800 P Ak B Ik
A HEM

F 2 KRHA 41 B 48R A0 BRI By A
Tab.2 Comparison of optimized solutions obtained
by minimizing index or maximizing funda-
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with aspect ratio of 4:1
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Deformation in y direction of point D/m
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Fig. 3 Comparison of displacement response in Y direction
of D point between initial design and min index

design at speed of 2000 rad/s
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Fig. 4 Different load or boundary conditions of plate
rotating at 2000 rad/s
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Tab.3 Comparison of optimization results

between fully and partially clamped

plates with lumped mass

Method Configuration
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Tab.4 Comparison of optimization results when
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Partially clamped
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selecting different observing or load point

Method Configuration
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Tab. 5

obtained by minimizing index or maximizing

Comparison of optimized solutions

fundamental frequency for rectangular

plate with aspect ratio of 8:1
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Topology optimization of vibration reduction of in-plane rotating plate
around a fixed hub based on quadratic performance index

ZHANG Jun-ru, CHENG Geng-dong”
(Department of Engineering Mechanics, Dalian University of Technology,Dalian 116024 ,China)

Abstract; This paper studies topology optimization of a rotating plate around a fixed axis under given
material volume to reduce vibration under impact load. A quadratic performance index in integral form is
used as the objective function and the artificial densities of finite elements are used as design variables.
Considering that the plate structure rotates at a constant speed in the plane and the assumption of small
strain, the differential equations of motion are established by using multi-body dynamics theory and the
finite element method. Lyapunov’s second method is applied to simplify the objective. Adjoint variable
method for sensitivity analysis and mode superposition method are used to improve efficiency. Numerical
results show the proposed topology optimization method can reduce the vibration of the rotating plate
and the topology configuration is different from that of maximum frequency. Material distribution and the
fundamental frequency of the topological configuration change with the increase of the rotational speed. Boundary
conditions,location of impact or observation point and plate size have influences on the optimal solution.

Key words: residual vibration reduction;rotating plate; quadratic index; topology optimization;lyapunov
second method
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