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B RH RTCH MM E R, RIBRAFER, 7L FREERTHRMEA R, X 55
HE AT RGN

X 8 H: B4; Wi, RER; HE
RESHE: 032.1;V414.3 XMIRIAF: A

3 5

R LR, REFH BN SRR, FRGW T RSIBRGIFRTIERY. £
XEFSAESHR T REZ LR TS RBMAEKE, DEDERSNEEER
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[S1EE & H HHUR BRSS9 408 R B 7k, AR S N S 5T+ a9 438 M Th R Rt
FEROTHE U R A B B RO B, LATRAS BUSF IO BRAR R

1 EFARAEBTIURSHNERTEAR
Z@RINE 1 IR —gBRR. BE x = L AEERS F, MBIRHB BN w(x,
t) = W(x)e™ , MBMTEHHE,
Elé%fg’—tz - mﬁi%’—‘) = Fe“s(x - h), (1)

XHE, ENRAHBAEEE, I YREBEHAREE, m BB KENKE, N Dirac B . B
BR(6] AT AMREHHFTNR :
G(x,h) = W(z)/F. (2)
BR1),EBE W(z) AIUE N .
W(x) = Asin(8x) + Bcos(fx) + Csinh(fx) + Dcosh(fx) +
(F/QEIP))H(x — h)[sinhB(x - ) ~sinf(z - k)] O<zx<l, 3
i, B = (mo¥/ENY,AB.C.D Wi RFRODRAFHGE, WO TR BX(w =
dw/dx = 0). A (Pw/ds? = Pw/ds® = 0) WX (w = Fw/da? = 0).
X F W ok R B s R A R A 11!’(:) Tr
(B0 z = 0):w(0) = w™(0) = O, ARRAM =x=0 B
REH.BEn. o HREARE:m=1,n =0XE ' —
EHim = 2,n = 3HHEBm = 0,0 =200 F—> o
., AR = l),w("")(l) = w"] = 0,
MV NGEUE S SE8 3 N o] 81
THAHESKEHAAX 4

M1 HERREE

Ho(0) = sinhf - sinf, H,(8) = coshd - cosB,} @)
H,(8) = sinhf + sinf, H,(8) = coshd + cosf,
A -
H(8) = _;1!_{30 +(-1)*e? 4 (= i)*e ), l
(5)
MEBEH - 4 B, (0) = PO g (o) = HO),
MRBATEE R .
W(x) = PHo(fx) + QH,(Px) + RH,(Bx) + SH3(fx) 0< = < h, (6)

EFREHASHAREE (n,m,n' ,m' FFRBE) T,0(85 .
G(x,h) = {1/4EIR U (B TH Hyo () Ha(Be) Hy (B(L - 1)) -
Hyow (B Hn(Be)Hy (B(L = h)) + Hpow (B H (B ) H (B(L - B)) -
H, w (BOH,(B)H(B(L-R))}, O<zx<h, (7
G(x,h) = {1/[4EIP U(B) JH{ Hpoe (B B (P ) Hy (B(L - %)) -
Hy, w (B H,(B)Hy (B(L = %)) + Hpow (B H () Hy (B(L - £)) -
Hyw (BLYH, (Bx)H, (B(1 - x))}, h<sxgl, €))
Hp, Ur(Bl) = (172) [ Hpyw (B Hoyr (8) = Husw (BL) Hauoe (B1) 1.
M HERTHAMNEIN C(« ), NEERTHMBRN G(2,0") , AUBINE ¢(s,
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R'):
G(x',h) = 3G(x,h)/Ix,
G(x,kh') = 3G(x,h)/3h, (9)
G(x',h') = 3G(x,h)/3x3h.

B EMAREMREFERXE, WTBEMHREET IR .

2 GBS iR

FHEENANEREREHE LI -ROBINAPREBHXEAN X EHTEA
REBGH FEMEAHEENES N, ATHRBHRER. A5EHR1,2,3, N ARHF
W, A 2. BERREN OXY, BEANRTRAEFAMA 0,,0,,,0y. BTETELS
BHARET EEEIMERTHTERS . SEFEATEZAARERBBAR . &%
PRITROMESEON - BAKERE N M, KER [, WEIHEREN Cy(RiGFREREN
Eviy Cyi = 2Enx0), B HIMIE R Ry, SEIRIEE R R .

Tl it i S HOURE N N R T HIAEREE R

1 3 2
B, BHE I, 4, B 1OKERE 0, [HENY Y, v
L, N i, ZESHIMSARA BN B i - v| )/ |/ e
WS . EREAESRR T, AT TR o5 ik i%;x,,
HLFL Y = LSy, Py MY AR RT3 i 00560 % 0

{F;}".
£  7E O SR ¥ iy O SRS b .
SNERAER DR LSRERS R 2 MR EREBRIRR oy THER:

¢
{F;} W

2 fE-HRGHTEE

% Mt
(/]
w L5
M3 21EHRER M4 BiZHFEE
[G,1%{F;} + [G;]°{F;}° + [G]{F.} = {x:}°, (10)

FE, {6} = {2f 57 Y AHRIWOHUBEE;[G 1% HhIH{F )} E 0 RIEM
B4R (G 1%,[6.1% 43 nmiBa A {F Y {FY 7 0 S5 RMmWRER, R (4] .
T BALIRREREE
(€10 + [TIGI®{FY + [T.]'[GIMF} = {X}°, (11)
e, [7,) ek aina REenmgREr, (6] = [T1GI{FYF AaXAE;
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{X:}° ARG FRRTRUEBER .
I, X RTCR i L IR R THAB TR

(G + [T1UGIP{FY + [T GI4{F:} = {X}-. (12)
BRSO, M RIE RS E, BE TR
[Gi]“{F;’}c + [Gi]w{Fi}o + [Gi]eL{Fi}L = {xi}e- (13)

ERELIFRT, ERELAH I R/DMES, UBES. WEA2H, &R 1, 4,58 1.2.34
BB, AN RE LM BEE, A,

[C) + [T )G IP{F Y + [T MG N4 Fi Y = { X}, (14)
[C)E + [T]7' (G 1%{Fa}° + [T [ G IE{ P}t = { X}, (15)
[C3]% + [ T3] [G3)°{F3}° + [ T3] G, 14{ F3}F = {X5}F, (16)
[C15 + [T ' [G 1P F}° + [T G I Fa}E = { X4}, (17)

B {X = (X} = {Xa}l' = { X W EARAUBT,AEINTHESNNBEIHR. W
BHESSAHBAENEBRANLO .
(T HF} + [T FY 4 (1] FY + [T ] {F ) = {0, (18)
BEEHDPE M A —E5H RE L REENR TR N RSN REEN Al - A"
i MBI 6M + 3N TR .

3 BEIHERIR AT

3.1 #EIERATHESH

X B TE AT LB AL T B A TR . (1) 7ERSTT LB B BB R s (2) TERTT LM
ARHBE. HRERER MRS, BRRSOEBRRRF. h TRBEH
B2 RS, tENEHEE L ER MR ERANARE, UEHE R
AERRNGAETL. HEASASN EHEEER RN ATRENNRRTER, N
EMESRERERCRESECRITERSNNE, EXREETFE2H. S ITETHEHY
SRR R, HENSHAETHXRITET. XERAGHEEENEER 4 mm, AH
BELJ2 B 55 v 2 SR P BE 20 2 mm, K5 38R PBE 0 2 mm.
3.2 EREIIEMITH

EHAHBTIRE 0 WM L MO THIRTH(1/2)Rel FV* BHHE, X B vV HE K
SACTIE NN . ORI FENR B0 D R R, AR SE SR BRI A A ME AR . R
MIET,{PYRHASKE BE SRR NAE . IR ESS T, 8 LR, NE

{P} = (172){Re{ Fu Vi1} Re{ FnVii} RelM V5 1} . (19)
THHE—RRBBE HRABFRO4) ~ AT UBRE A J B { X} RETR
BHRHATEEE{V Y = {io{X 1), ER—SAEEENAR, R (018) M, ER AL
BTRABFER 0:
2.Pf =0, (20)
ﬂﬂ{f—%qzlﬁﬁiAm%ﬂiﬁﬁﬁA% O MLWRAOBENTHEQR) BF . RBMEASHI
EERER,MEERNEATIES.
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{P} = (172){Re{ F5Vx } Re{ Fi¥y } Re{ M V§°}}".
BRI A IS, W E—R A AR AR RS Hme R, WA .

{P} 4+ {PY + {PY + {Plym, = 0,
B, Fe M 3 4Rk AS—4.

4 BHEE B

(2D

(22)

X —HERGH, INE 5,7 e RASMEEIF VB, TATT A B8 o B 30 BHLJB b 28k BRI B St i
. Kl =0.8mMBEE o = 7800 kg/m’, H R A9IEHIR Ep = 2.0 x 10" Pa, #i%E

BT 7 = 3x 10 GXEBEMRAOBERTFRIE
FEM, N TFREFEEHEENIE, 5 EmE
REBESW EHRWREMEE) , AR ¢ =
0.3, A TBEMKREEFN0.01 m. MiRN FIEH
TEHICde Lg M.

JBRER e T A B A A B, W Se g b
7RI, LI E i BRI RE I 4 FE T 3R

10° 10t 10% 10?
B8 w/Hz

| (a)

« d EYe

o a
| %
y .
ay b, € dy e
[} < l [} = 1

M5 WOERENEATRERRE

H6 RITiEZHMFETHE AR

- 150

1¢° 10!

107 10°

BE w/Hz

7 Ry AEMBIF HMERE
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Bl 6 HXthL A4 BoTEShRE R BIFE TN, &1 BT LUK o SUFERE B B0 A0 B 5T, BB T X M B
THTTARERRNLBSHRBEHWRER, REFAMNRTKER -, B RH
FEDVREA—, T B SFE DD R B A B B TTAE AR [ RSB R — 8, 48 10 7T 364 BH B B ST B
B. AB6(a)5(b)ATLUE L, TT ab.ddy WIRFETH RIS K, THITT de . ee; HIMFETHR
TR/, MR BTT ab . dd, 4T B JR B AL TR T 4R 78 BT AW IR R .

B 7 5 T RIS 5 53 3% BT ob . ddy (#1128 2) FIBTT deee, (H14R 3) HATHLB AL
(SR T ¢ = 0.3) EHREMMEEMITE . B 8(a).(b) HABIXN BT ab.dd, BT de.
eey AT AL BT H9 & BT R FIRME, TR H B ER A THREIR LK T8
TR RARE, T ERBEHLEREERAZATHREDRTEET - EBLE

0 10° T 10'

1 10*
B# w/Hz B w/He

(a) ab,dd, B NHE AT (b) de, ee, 4b 3 N B AT
8 AL RS R 7T HA ¥E Th 22 Y 95 38 I £

5 45K iE

GRE SR H RENBEN RN RTRGRIFOHR, B R —EEHA WER
LEMBESHBREY MAEARBREAHEAACRENBE TTBLSRALNHR
BE. W LRRBH—ERBRERNEWTTHHEBESY, L REWHFFEE
YERR, R LUA R T SMABEHIR THWMBEH. AXH AL TETEE . BE A b
FAFRZET , RERBR D008 A HHORM I %, 35 FRER TR T F A BB B %
ek b

ACET S0 RO B SR AT WS W R B 5T, 45 5 % 3 W 5h BELJB T LA 9 B
R G SRR e L ) W, I R 3 R VAT W D AT RO M LB RO . KBTS
REHM P, RN BRI FIHFE L2 SO SR A MR R ESH R WSSOk E, T4
RAMSHES , BT URBSM BB ¥R, RELAEXCRBB A, ERFEWRD BN %
#HT , EEHNERRERBRR, HRM—SHEBFHRTH T,

(& % x ®&]

[1] Momis K A, Vidyasagar M. A comparison of different models for beam vibrations from the standpoint
of control design[J]. Journal of Dynamic Systems , Measurement and Control ,1990,112(2) ;349 ~
356.

[2] Helmicki A J, Jacobson C A, Nett C N. Control-oriented modeling of distributed parameter systems



430 ETRATHEHRRT MESHBBIBIRTR

[J]. Journal of Dynamic Systems , Measurement, and Control,1992,114(2):339 ~ 346.

(3] Z=#m. MRBERFEREMAM]. 63K STk KRR, 1987.

{4] Shankar K, Keane J. Energy flow predictions in a structure of rigidly jointed beams using receptance
theory[J]. Journal of Sound and Vibration ,1995,185(5) :867 ~ 890.

{5] Mine H K. The receptance functions of uniform beams(J]. Journal of Sound and Vibration , 1989,
131(2):353 ~ 365.

(6] Gladewell G ML, Bishop RE D. Interior receptances of bearns[J]. Journal of Mechnical Engineer-
ing Science ,1960,2(1):1 ~ 15.

[7] Ungar E E. Structural damping[A]. In: Leo L Beranek, Istvan L Ver Eds. Noise and Vibration Con-
trol Engineering : Principles and Applications , Chapter 12, New York: John Wiley & Sons, Inc,
1992,451 ~ 480.

Passive Vibration Control of Space Structure
by Receptance Theory

Yan Tianhong', Zheng Gangtie!, Huang Wenhu’
(1. Shanghai Institute of Technical Physics, Chinese Academy of
Sciences , Shanghai 200083, P R China;
2. School of Aeronautics, Harbin Institute of Technology, Harbin 150001, P R China)

Abstract: The vibration of three-dimensional frame structures was studied as receptance motion. A
receptance model was constructed for passive vibration reduction. First, the universal receptance
computational method suitable to any combination of boundary conditions was given, and then the
way of passive damping-damping elements was analyzed, and a iterative approach to select optimal
damping positions, whose dissipated power is larger than the others, was proposed based on the re-
sults of receptance analysis. The results show that, the receptance model is very stitable for local
modification and analysis of structures.

Key words: passive vibration control; mechanical receptance; energy dissipate power; damping ele-
ments



