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Radiation Noise Reduction of a Plate-like

Structure by Structural Optimization

ZUO Shuguang, WEI Huan, YAN Xinfu, LI Xugang
(College of Automotive Studies, Tongji University, Shanghai 201804,
China)

Abstract: Analysis was done to find out the main factors to
the radiation noise of a plate structure. Results show that the
distribution shape of the vibration velocity can be the main
factor when the frequency is low; while in the high frequency
domain, the sound power almost only depends on the
amplitude of the vibration velocity. Hereby, ¢ shape
optimization” and ‘amplitude optimization’ were proposed to
optimize the thickness distribution of the plate, so that the
sound power could be reduced. Then, a rectangle plate was
used to verify and evaluate these two optimization methods.
Numeric results show the shape optimization method has a
good performance when the frequency is not very high, and
the amplitude optimization method brings a steady
improvement of the sound radiation when the frequency is

high.
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Fig.1 The character of radiation efficiency

FRE ST R R SR I RS 7R RS
2B B8 S AR 22 BB R L B 75 S I Ry 3
PIRE gy & SiiS e AN VUL VEE T o3 U S DI
Brima s b MR TR, & B P R RS B AR AT
R AR PRI BT A B S R TR,

MG LLE W, % T — 5 % IR G 1 0
HFERH RN EBERZNREIRERE v (o) A
PRIR U () HAPIRIE U () B 2 RIITEBOR R
Wi PR S T TR Y v () AR (LI - ek AE 4548
ST RCRAE RIAUE.

TEPERSUE BT - i 125 B B8 5 O3 (8 22 01 35
R A B8 S S8R AR L w8 3 S RO R ek LB
B R, LA IREY v () X PR 5T A9 M R
THRNE U (o) X 75 FR I B RN, L RER UL, AP ISR
B AR EL T R S D A AR A

TIEN T =Bt A 7 R SRS B R A s R

5T — B 2% B B S B X B R SRR o (w)
REREAS B B @ AR AL BE AR, P AT U — 1 [ 2 fE
o0 (o) FE AR (3D AR R

N
W(w) = ‘07“50 () 2] V(@) g (@) |7
i=1

U(w)? €Y
KH o0 HEBTFFRESTEAT HETBCRMFHME. X
5]
N N
E |V(Q))TQ1' (w) |Z = EV((U)TQi ((U)Qi (w)T .
i=1

N
v(w) = v (D) (@q(@™)v(w)  (5)
i=1

B A AR AR I B i (o) 228 H) 1 — 2L B3 1F
L TR

iqi(aﬂqi(wﬂ =1 (6)
S, 1 FR AT AR (6) fR A (5)
fﬂvuuwxwﬂzzvuunww>=1 @
4 RARAS (78
W) = +pcson (U (@) (8

M (8) AT LAKIE , = AR R Bl i o A 235 4 8 75 o 2R
G IRHEIRIE U () A 5, MIRE v(w) BN R ST
PR EAN LR,

R AT A X ARG S SR A R AL
TR E o PRSI R 2 RIS B2 5075 8. P
B, SRR A D R AL SR E IR U () MK,
Rl FIREY v () FH5E, THREY v(w) B EH AR,
PR R B ALAL AT LA v (o) B A BE R 5
BBL , B T SR MR B AR AE , B TR
PR IRIE U () M58, BT BB 280 P S T O
WI7 R HIIR R U () 1.

2 FEHSMMATR

X TEERAL , HAUAL B AR
min f(x) = f(a1.225">x,)
s.t. g (@) = g;(x1sx25705x,) <0
j=1,2,.m
he(x) = hy(xrsx2 900 52,) =0
E=1,2,+,1 ¢))
K f @ R Bhr 8 g5 () IARER AR
s b () R XA H A
AT REARAL B bR s %L S (o) 2 KPR A



90 Gl PN Q= S )

F0H

BARAL R &S & B R R BN A5 R 3L
BEE. B PrRA, ZmaR S m FR2REER
] BB T A [w] 1Y PRI AR 548 P I AL, G E A R
QI

FERABLET , 2 () I , kI8 U (o) BRI
BTN R R, KOtk B b s H0T LU
T

f(x) =U(w)? 10
T 7E SR , BARIRRY v(w) RE WA RN 5
HE. 2R TIRE v(o) 2 — W, HFIErE K
L v(a) VER B AR RER AW, AR LI (D
YE R BIAR BRI THEE B SOR K B X T A IR
i AR 2B hie.

— LB R, IR B A, SR B =X (D
FISRFNF AR EE A S Sh RN R FFBCHET 6 TR A1
T IR BELGF BIAE IR 4 MG 1) 75 R A 2 B R
KA fEeH

6
W) ~ Lpes Do) | 1) Tg:(w) |?
i=1

T35 A ARRABN £% B 7 4R S AR S A B AT R
AR PR BT DA — B RE AR w0 T 7 A
SR g (o) KA RIE N E IR T BRI
BAmE g (0 NADHE— LN

6
W) ~ %p es Doi(a) | w (@) T (wy) |2 (12)
=1

11T 48 S 2003 T T XUR B Al A s 2k PR AT LA
RATRUE:

(1D

oi (w) = (i)aiai (o) a3
K, a B B RS HELIE R
KR ADRARXAD P1FE
W(w) =~ %P cs 1261: (wﬂo)%di Cax) *
| () qi (wo) |? 14

K AOM T RV H BRI, THT R
B LA ALA B TR B9 2R, Rk, AT U (D
i PRI B AL ) F A i, BIVERC

1 <
f(x> = 7(0052 (a)ﬂo) O'i(CUO) .

| () qi (wo) | ? (15

XE L, BT A5 B HIET 6 B SR

A B4 A T B R T AR, B L 2R B
T RS MRE AR AT, R AR X AR AL T 5 o “ Uk
RUGLAR”. %5 R b, Hhss SRR AL Y B A7 oR A5 R i o
325 1) 5 48 O R M S SR U8/ IN S SR AT S BRI R AL

W SR R
3 fHHETE

J THUE 2 PR AL 7 R R, SR A — LR
TR A RS Gt TR A B BT

AT ELFIRAMAEE 0. 6 mX0. 4 m H4
JEMRA R B 55 0 G, AE H R T M i /MR 10 N -
m ™ AR ST SRR R RN 1 mm, B
Bl E=2.1X 10" Pa, B p=17. 9 X 10° kg »
m L JARA L v=0. 3. Z5H 3 18 X 12 AN K/MESE
WIRETT. A 2 R, B oa=1. 21 kg »
m*, R =340 m 7' DURLOT)R B O AR b
AT SRR P4, SRAK E Ar ek B BB (15) #n
K A0 IR, MIRBIFN IR I8 W6 7 51 T4k, S
JERFMRR %R 0. 5~2. 0 mm, 544 & 1 B R4 K
AR F 904 B & AE. D8 4k 1% 5502 43 B BL 400, 800,
2 500,10 000 25 000 rad » s . MEALIE TR RT3
TURHRIE A TR AR

B 2 5 T /ARET 2 fii ey R
W B R TRERAREE T AR R R, B R
LA AR 2 IRAR.

Xt F A B Ak 25 5, JEE B 4 A7 R 2 BN R Y
T, X% R B A S A B X Bk Y 5 T EL i
LA AN A N3 ot 2 X B Y BT L R B AR 45 R
RXTFRI. LB R — R T 2 Fbfb ik g Ru]
PIRBL, Wi Z R 280K, AW B AR RO R T
RERALLE IR, 7340, [W—Fh Ak T B 7 R IR A 2R
T RIS S AR U PR OR Ak B 45 SR X AR R
UK. 5340, BEE TR ER M & RS R

3 [T R RALRT S AR 5 75 R S T 2R A X L
FEARIE. g 2 FiRAb T B R AR R T LU B, 4
RSB (<2 500 rad » s, REAL AL 7 I BUAS
TEIFHIRACEE R, A2 BN IR ET G 5 1)
REHFE TRANIREN TR FREXRBT 30~
40dB, fi Ak 2 S A0 24 B . T 2 R A B (w>2 500
rad « 71 , WRFIORAL S5 75 58 5 T 2 BT EL AR AL BB
155 I EL I 2 A5 2R B TR 7R T 3R L R I A e v
s d kR UL B T 0 R AR . o X R B4
9 2 R R AL F 5 AT R, By T P IR
ARG LR PR 4R SRS SToR T RER A 7R T 2, (R it
XTHY 6 RS 4R SRS B4 AT LA S5 A 1 75 R A
E; R T =S, &7 RS R R B



E1#

B, 4 BT R R AL 91

TR R R A R B R R AT RS, T
B MBI SIS I AT B8 S BT HAR R B iR A
AT Lo AN, AT S YT S A0 T S R 75 3

HILR B E/mm
2.0

a w=400 rad * s

b =800 rad * s71

cw=2500rad+s!

d =10 000 rad » s~ !

e =25 000 rad » s7!
2 WHEMBEERLER
Fig.2 The thickness distribution after optimization
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Fig.3 Sound power comparison
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