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R AR R T2 AT 200, 0 Tl #E SRR 45, Amabili 55 X [ 32 AR SERE EF T T T8
P VR T W KRR SR 30 R ST 58 SCHRL S ] R T Green (FEAK) RREICE fif ke 1 [ SCREAR 1Y
FI H R 201 0] 8. Avenas " I KB D JRURE 45 1 1 S AR 2 10— SO 3K, A 45 40 o 058, R
PRar 7 SR A TS, s Al T Rayleigh-Ritz 1955 HoA &2 24 05 1% b i X BR AR (AL 1) 25, H. 5
Tt

WEFEHESELEAE (NG MR B E45H) b5 S ) A PR Sh AL B i | 4 50 14 138 ek 8O 2 LA
FEA AR 15 2 LA A2 % 326 BR AR IS | DU 5 82 T O A A0 A0 1 it A, Rl N Ah 3 B TR IR 3
HFURFIEIT, & 0 5B T2 0T DL R I 2% 4% 5 25 2504 (% 1 R B2 . Goyder I
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VE R 1 B R R AR BT REE AL (particle swarm optimization, PSO) .46 B 1995
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Fig. 1 Schematic diagram of the nearest neighbor density estimation method
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PL =10 x 1g(P/107), dB. (7)
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Fig. 2 A typical power equipment Fig. 3 The composite vibration isolation system
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Fig. 4 Schematic of the composite vibration isolation Fig. 5 Schematic of the 4-pole connection in
system in the Cartesian coordinate system the composite vibration isolation system
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Fig. 6 The T(-{-w, variation surface
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Sinew 1+ min(max( [ powerflow_A, powerflow_B, powerflow_C, powerflow_D]))
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Fig. 7 The flow chart of the multi-objective optimization strategy
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Fig. 8 The discrete grid of the thin plate
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NI m = 200 kg, HOPEIR S e x £=0.90 mx1.38 m, A S A94FH(1.27 m,
1.26 m) 0 B, C,Fl D s B9AEbR 515, Q1 8 /s 84 7 A AT E N @ = 1007 rad/s, /1
FIPRIE R 1x10° N, BHUARE 7, = 1s X T 4 DRIRE (A, B, C, D), HIEASHFRWT .
W0, 005,000, D064, 5,E0,6)p

X T MOPSO Bk % E N 8 4, Bl s(i) =wy, ~ wyy,i=1,2,3,4;5(i)=&, ~&,,i=5,6,
7, 8. SHAN R BT R E N

[10,10,10,10,0.1,0.1,0.1,0.1] ~[ 100,100,100,100,1,1,1,1].

FIEEECN 2005 Fe RAEAR B 200524 3T F b, = 2,b, = 15 WPEACER R &M 1L 1 3R

g w, =09, w,, =0.4.

-l1lo
o
o
o
12} Zg
£ )
-13} =
[ o Pareto frontier
14 + selected optimal solution o
4379 438.0 438.1 438.2 438.3
T

fitness 1

9 Pareto BT 5 EIW AL AR

Fig. 9 The Pareto frontier and the selected solution
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Fig. 10 Schematic diagram of the plate vibration Fig. 11 Vibration amplitudes of corresponding to different

installation positions after optimization
Z HFMEALTT A B Pareto HTHTANIET 9 Frzs  ARYESS 1 19 534 A e (0 Ak a2e BORLIN , 3 i

GENES3) N )

25.401 7, 0.015 2, 9.725 3, 0.297 9, 15.752 5, 0.014 7, 49.694 4, 0.109 4.
W] 4 A~ B IR 64 W EE A EL e 2R 03l A

k, =3.8714 x 10° N/m, k, =5.674 8 X 10° N/m,

k. =1.488 8 x 10° N/m, k, = 1.481 7 x 10* N/m;

¢, =4.649 4 N-s/m, ¢, =35.753 7 N-s/m,
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¢, =2.782 1 N-s/m, ¢, = 652529 N-s/m.
WEARAE ¢ = 1 s BRPROWEIRENAIFE Hy . 5.881 2x107" m, VARSI 10 FT7R.
Bl 11 450 T A, B, CF1 D 3t 4 DN 8 S IR SIIR(ENE O 76 ¢ = 1 s B4 S IRAE X
L)
[4.794 95x107", 4.556 3x107"", 3.036 4x107"°, 3.592 3x10"°], m.
AT UL PEAC S 1 4 s RS R B, T3 5] IR T e SUAR AL SR ms 1 A 3tk

6 44 )ik

ARSORe [ S AR IR S LS 5 3 i & B REE  , DI BE s DAREFT S R A Tt 38 ) b3
SERER RN 5 A RDEARR B B S Al AR AR LG A, S DR AE T A A
ZE T ORI i R T 2 U BB A AL AR AR RN T 2 AR
TS, I3 A MOPSO 53k H AP i A 22 SRR At ) WA 0 20 250 LA B il i 4 IR R RS T34
SIRBNE X Z AR A, BUE S S5k 1 B4 SR A7 2.

AHIFE N T AURR IR B B T — B L X TS8P TR R B A —E 14 508 3, TRl
A AR ) BT Ok
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Abstract. The traditional vibration isolation methods were often aimed at the suppression of
the power equipment vibration only, but the vibration participation of the simplified rigid foun-
dation was usually ignored in practice. The ‘ power equipment-isolator-thin plate’ combination
was considered as a composite vibration isolation system where the equipment was 4-point in-
stalled, and the transmitted forces from the equipment to the plate foundation were derived ac-
cording to the mechanical 4-pole connection properties. In turn, the multi-objective optimiza-
tion was performed in which the minimum power flow transmitted to the plate and the uniform
vibration of the power equipment were defined as the fitness functions, and the purpose of the
latter one was to sustain normal work and service life of the equipment. The multi-objective par-
ticle swarm optimization (MOPSO) algorithm was selected as the optimization tool in view of
the advantages of less parameter settings, fast convergence, strong optimization capability and
unique global optimal solution based on the Pareto dominance. This study combined together
the power equipment vibration isolation, the thin plate vibration, the power flow transmission
and the intelligent multi-objective optimization; in addition, a latest vibration theory for
clamped plates aptly supported this strategy. The application of the MOPSO promotes the tradi-

tional view of vibration isolation and control.

Key words: composite vibration isolation system; power flow; multi-objective particle swarm
optimization
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