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Abstract: A novel vibration isolation system based on Stewart platform was designed to attenuate the
vibration of space optical payloads, and the general configuration characteristics of the Stewart
platform were analyzed. Firstly, the theoretical model of the vibration isolation system was developed
through Newton-Euler dynamic approach. On the basis of the model, the closed form formulation was
derived to calculate the stiffness matrix, damping matrix, natural frequencies and principal mode
shapes of the vibration isolation system. According to the research above, an optimization method was
used to optimize the structure parameters and to narrow the distribution range of the first six natural
frequencies of the isolation system, then to obtain an optimal configuration of this vibration isolation

system. Finally, the finite element method and the analytic method were utilized to analyze the modes
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of this vibration isolation system and to obtain the first six natural frequencies of the system. The

analysis indicates that the maximum error is 1. 51% between the two methods. In order to

demonstrate the isolation effect of the vibration isolation system, the complex frequency response was

analyzed, and the translation frequency response curves and the rotation frequency response curves

were obtained. It is shown that the vibration attenuation rate is more than 90% when the vibration

frequency is higher than 10 Hz,which verifies that the vibration isolation system meets all the isolation

requirements.

Key words: space optical payload; Stewart platform; vibration isolation system; modal analysis;

complex frequency response
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Fig. 2 Schematic of vibration isolation system

},I’!Ih

B,

B, o\ B, X

2P PV
/s BN,
K3 BRIk Z goml RN AL I

Fig. 3 Vertical view of vibration isolation system

¥ B.P,; 755 & 1 i FH B 8o
Bl="t4"p,— b, ="t+ER « "p,—"b,, (D)
5L R
BN
Horb LA E R P B R LN R K
JECGi=1~6) ; PR A A8 bR A5 e J B4

B —
Li=

(2)

cac  casfsy— sacy casPcyt sasy
ER= sac  sasBsy+ cacy  casBey— cas¥|
— B Bsy Bey
A :sC e )=sinC+),c(+)=cos(+).
E="10 "L, (3)

3 (3) 26 A7 Wi 21 [w] B X bsf ] 3R 5
20« [;=2+"17 « "] «,
Hl;l‘
L
"I ("te —ER -+ "p X @), (4
Kb o RSl AL bR R A R R
X3 () 1k AT A
I =P« Bt e +(BR« "p, X217 » 0=

. Bl . i:Bl-,l;' . Bli:

Z;:

Ht
CPIL (PR« Pp, X P, )" ] - { J (5)
(O]

L=1J-q. (6)
J_:tq:‘;L:[il,Zg,ig,i“l\s,ig]’r,,] )ﬁﬂﬁﬁtt%ﬁﬁi—g



1350 e KE TR

5 23 &

BLL L (BR « Ppy X BL O™
BIL  (BR » Pp, X P17
= "L s (BR = Pps X PLg)"t ' 7
"Ly s GBR« Pp X LT
B (BR » Pps X P )T
LB1S . (BR « Ppg X PLgH T
PLEF& RO R, - 251 FAEH
B o AR i K ) B A
F' « 6q=f" « 0L, (8)

o
F=[Fx,Fy,F,, My, My, M, 1",
dq=1[08x,8y,02,0Y,08,0a]",
Fr=0h s fosfisfss fs 10
fiCi=1~6) RKHFTZENM ] .
OL= [0l ,8ly+0l5, 0l ,08l;,0L |

oL=J * &q. €D
KR (DOHFACS)
F=(f"« D'=J" - f. (10)
125 BELJE A 0k 1 W EE AR R ke B AT A
fi=ke AL, (11)
f=keJ+Aq (12)
B QDA A1,
F=Fk+J" «J+Aq, (13
W AT LA 3 BB PR ZR S8 09 1 SO S JE I K
K=Fk+J"J. (14)
[] B AT A5 BHJE B9 T SCRH JE FE [ C:
C=c-J"J. (15)

2.2.2 HAFHIRE

W5 sh~F 5 14 3 Iy 2 R RS, 560 H AR 3l
iR DA 5 Bl i e D 2 N1 D S N AN D A L
A 77 g S JRE A S T3 T A R /N AT L2 AN
T [ I 2% BELJE g R X D't o 2 A o e A/ L ]
L2 KR A A it — BR B A 2 AT LA 3 P B 7
TE AR BR Z T A IR SO T R

Mg+ Cq+ KAq=0, (16)
A
mE; m- iR - PELT « IRT
M= - N = ’
me+ iR« "p. iR’ ER + "I+ ER"

Rh.m by FFEE SRR BT E b3 KR
(i B Bp. b 1F B 5 B g5 A T O 7E 3 Ak

b Z B AR AR B RO FR 5 [ UL Ry P B 5 AR
TEBN AL bR ZR rh B PR TR
A Z BB e R AL C 2, A] DL B R G4
TokHJE H i 4R B B 1o O
Mg+ KAq=0. (an
TE% B R G  EA YR s i), 70 A 02 RS
[z g, il LR E 6 s s .
Aq=Df (D). (18)
Hrp . @ 8 m i, f(o R 3Rm iz s
(14 Fsf 1] oI £
B AR A7) FEX WL AR
', 15,

D' MBf (1) + D K®f (1) =0, (19

W O'Ko
B D" o M A 20)
A A=, @D

B CCHFEARXCOP, BT o AHF 0,
fit 45 .

fD=asin(w+ @). (22)
B2 AR A #E .
(K— o M) ®=0. (23)

fige b Dy 5 BRIV AT A 2 R G B4 IS B I A AR
BN

3 (B3R A Gt BB RARAL KT

BRIk R L S5 M BT 2k T Stewart “F 6, 1
Stewart - {5 1 JUfaf # B 22 K, R[] 14 #4922 15 3
Stewart B SCHIEE K2 1™ CRH JE & BOA [A], 4 25
R A8 847 1) BT B B 15 1 5K B BT A S SR
A, #fiE Stewart AR L SHCh . LR A
2R R, Ry DA @, 0, BF S AN T A
B4 q. # 45 Stewart V5 B BT A L S 808 %
I HE 2 HEAT A F b 22 ) AR ZR Ak, L 2 0k
o AR PG ML aE A e Mroal AN R B 3R T
Stewart 4 71 4 B ik 2 GEATH 2 LR 225K

(D EF GRS TSI AR AL, J5 15 4
S BIAH 22 180°, an &l 4 FFiR 5

() EFEEHTFEF7HP L m R —E
&b HEHT TV

(3L 0 M HUE (607,120,240 60°



%5 W G L 45 A RG22 B N e B IR R G i st 1351

I, Stewart #8435 5, AN1EL 5 BT 5 LR ER TN e S G A VPN G ZE LR R

CA) X T 2 1Y 17038, BB 2 A S i e A RGBT S EEN.

FF LU &R LUK Stewart B9 JLAR 2 508
DR 3 A (R, 0, DL HA BB S5 TR
MEEEY . %R 1 4 ESEG A Matlab o] U453
B4R 28 oA AN TF) S A I 6 Biv 61 A7 450 3% e 55 )
WE S5 FiR.

Ca) B — B T A 491 %6

(a) The first natural frequency

Kl 4  Stewart V- & f L&

Fig. 4 Vertical view of Stewart platform

S

Hmo ore e
(b) 55 — I [ 41 %

(b) The second natural frequency

Fre EV6 RRe

2.0+~
~1S
E"'1.0 .
0.5
5 Stewart & K4 5 B c U g
Fig.5 Achitecture singularity of Stewart platform m?]-llj - 0];(; .8(} OI(OI)OO

()56 =y [ A 431

(c¢) The third natural frequency

#£ 1 Stewart HEHSH

Tab. 1 Structural parameters of Stewart

T TFra LA
2242 Rg/mm & 0/ EE H/mm
200 [65°,120°] [130,231]

SRS S R e W i S 8 i N DN = )
B R R A B B KB B (HFE 807 A2 A i B U /N
o I =B A AR e S R A O AR A i 5 ,
VY B I A AR e G R I A e 4 KB B I (DA U By [ A 9%
Mgk, i PR R R G0 1 A 0503 Y i 553 161 T LA 3] B (d) The fourth natural frequency




1352 tr KE TR 23 %
..... s RGO L B A 7 B B 4R 2
227200 LSRR RALZE R SR % 2 FR . W R T 4
- Lo 089 NG5 120, - A0 H 7 i
~ ' Y 3 Mz 4 )
..... B0 14 m. 024 m]. F 8Bk & Ry 7 b %
E o [0.178 m, 0.278 m].
) 20
ol T 100
Him oe0 S0 ee) *2 RERZRKENSY
O T B B A Tab. 2 Optimal structural parameters of the vibration
isolation system
(e) The fifth natural frequency
: SN ENE q [0,0,0.14 m,0,0,0]
............ gk R, 0.178 m
g5daieened
s EF AR ¢ 38°
= RS 0.268 m
2.0
: TFHRECH 0 82°
el 20
0.15
H/m 0.1 60 a/(°)
(D EEI B [ A 454
. iy A B e )
() The sixth natural frequency WILEEE B
&l 6 BRI ZR GEHT /S B [ A 45 5 e ag 5]
Fig. 6 Natural frequency maps of the first six modes of

vibration isolation system

B % 28 GE I 7 B 51 A7 591 4R 1) 20 A1 Y B AR &
T BE AR 22 5 R A Ik AR G B PR AR . STk 14 ]
(1 Cubic” F4 1L gk 1 f5 - - (HL JG 35 52 BR AT N B 41k
RUSE A ff . SCHERL20 98 L 25 B IR 22 G247 18 7
B IRBII L R GER I 2 2 A7 A 2 A PRI
PR T IR A9 51 25 0 L o BT 3500 Bl I £ A
1 ) e 0 3R ey ) IR D e AT ) g 8 A g AT
A B PR AR AL 22 . T WL/ N 2R T ] A7 9313 3 A JiE
PRl &4 /N AR w107 DX AT g B AR ROCR

FTF LU ASCR I — M Tr k. Bk
LA 0 S 78 e A O e LR 38 L 45 B B IR AR 48
A A TG 28 B TR AR 2 B i 28 4 14 7S B 1
AT OB [RIAR YR 26— B [ A 303 5 2R S B
WA A Y LU AR BEAE A L 15 T3 K 28T i 7S B
IE5] A 90 3 53 A1 Y FRLBU N B IR R T 6 7 1] B R 5
X B AR SBCER 14 5 W /)N I R I 2R 4 4 B ik 1
UGS, SRR AR LR B9 2 BUE R AT 5 SR 5 0 3l
PAESP-B R HORINE R A2 A D o ]2 K e o
JEER LAAR R B 5075 X B 0 o) 5 B B AR

/N B
ey 7

J=0
¥
[ I
T IR A
I [eil £ 4R

=l-m,/m,

e

¥

| ¢t

B T L
B ME, ik
A0 1 F [ A 40
M R A i 5
APIREIE =

it Bt e
arHE L
ik

B 7 By
Fig. 7 Program flow diagram

4 PBHRE2ALZEAMEE LS IIEIE
3 3o FE AT B B O A 15 300 6 9% 110 55 24 g
YL R AR 1 TR, i — B
E B 4% 28 8 15 T M50 o T L SR AT B 24T 12 % B
3% 2 5 6 B E AT RS A AT L OF L e A R 2
TOUE AT 45 SR 5 B R 22 1

Sk 5 A 200 K] 43 A7 BT DX A Bt 340 43 g 12



& 5 ]

W G L 45 A RG22 B N e B IR R G i st

1353

HEAT SRR 3, ZR PR R T MPC (22 05 24 30 £t
PL, BELJE #5 1| 76 570 45 208 R, ) FH 36 9 B ST A
PABEJE 75 1 W EE o B T S EAT SRR 4B L i m] 22
g BELJE. 25§ 1 BELJE 5% mi R 22, 45 3] A5 R e 455 784 4 <]
8 Fi7n . M Nastran 43§71 15 2] (1 [& 4 5 2 e i@
HIS TS B A5 R Wk 3L FRIR R G AT S
WA Q& 9 B R , BEIE 43 BT A5 2 A R A ) 4

4 R,

()5 1 B 0.9 218 Hz

(a)The first mode at 0. 921 8 Hz

W

T 1 1 s
1 T I T t

K8 Pk &G A RITHEAY

Fig. 8 Finite element model of vibration isolation system

®3 BRUTEMERTONER

Tab. 3 Results of theoretical calculation and FEM

HS A Nastran 158 .
W2/ %
[ 45/ Hz [ 4/ Hz
81 0.9311 0.921 8 0.10
%2 B 0.9311 0.921 8 0.10
%3k 1.543 0 1.531 4 0.76
4 1.543 0 1.531 4 0.76
5 b 1.619 0 1.594 9 1.51
56 B 1.639 0 1.631 1 0. 54

x4 HIAMBERE

Tab.4 The first six mode eigenvectors

BB 2B 3B B4AB HSH A6

ro7 [—0.47 [0 7] [—=0.0277 07 [ 0 7
0.4 0 0.02 0 0 0

0 0 0 0 0 —1.0

1 0 1 0 0 0

0 1 0 1 0 0
LoJ L o J Lo JL o JLLood L O J

U RE I S

£

(b2 B A4S 0. 92 Hz

(a) The second mode at 0. 92 Hz

(% 3 riZs 1.53 Hz
(¢) The third mode at 1. 53 Hz

(D 4 A 1.53 Hz
(d) The fourth mode at 1. 53 Hz

G111 53 1 18



1354 = o Y 5 23 %
i S AR A
Mq+ Cq+ KAq= Cr+ Kr. (25)
4 F()=Cr+Kr, f8 AR (25) 11,
Mg+ Cq+KAq=F(D). (26)

()% 5 Briias 1.59 Hz
(e) The fifth mode at 1. 59 Hz

(D% 6 Briias 1. 63 Hz
() The sixth mode at 1. 63 Hz
E 9 MR RSH 6 MEIARAEE

Fig. 9 Mode shapes of the first six modes of vibration

isolation system

12 3 AR, BIE o3 A A 21 B AR AR ST AT S B
IE A A3 5 R A BIR B0 3 0 T A5 B G 2 R
UL KRR 22 1510, e /iR 2 0. 1%,
SCa) FIRMRR RGLHE 1 Wy ERIE N Y m V35
58 X mFsh & Ik sh . X 5% 4 g S
FIRRRAE ) — 20 K 8 PRRIR RS 2.3.4 Br £
B R Fsh SRS S A PRl (H5 5.6 Birkit s
ST ARBL A 0 B 58 = W S A = e R Bl i
A TN BREAE i) s AT DA AR R 25 0R

5 Bk ALK IH AR ST

2 27 52 B 09 S IR Bl 32 4 2 T Ak 1 B

P LS 1 B B 2R 46 0 4R ) 2 B 2 4 23 T 4 1) 9

Bl o A LTV A% 38 25 O 2 AT . DA T AR UE AR BT

., KT r R TN ANA% Iz sh A, R 4R

A R 2 AT LLAR B O 2% 3 78 28 A A &R
M8 152 T R

Mq+C(qg—r) +K(Aqg—r) =0. (24)

Xof T 0 A A7 % 7 S A A B R SR R R
(CEIP
($M+CH+EKAq(s)=F(s). 27
A LAAS 2 A% 13 o KR I
G(s) = ({M+ CH+K ' =
D ' (fM+ C+ K (@) '@ =
DD (sM+ C+KO'D =
DM+ sck 'Kp + Kp) '@ =

E(Pi(P}‘(MPiS2+Ck71KPiS+ Kpg)il. (28)
i=1

3 (28) J 7 19 25 02 4% B 028 B A 45, %t
T A0 AR S 0 1 B L 7 G A [ R AT OE 58
fehb 2,

L s=iw, 15 ) F G0 1Y 52 A5 00 N pR AR I

H(w) = >, 0.0 (Kpn — of Mp +iack " Kp) ' =
i=1

D1 o0 {Kp[1— o (oD +iwck ],
i=1

(29)
AT A5 .
Aq=H(w) * F()=H(w) * (Cr+Kr). (30)
W
r=[B/,B,.B;, B, Bs , Bs ]" * sinCw) =
B« sin(w), (31)
ny .

r=[B.B,.B;.B,.B;, B |"w+ cos(wt) =
Bw ¢ cos(wt) , (32)
A BiGi=1~6) 0 T F 5 15 E AL AR & h 58 4% 4
il AR 7 18 32 30 00 MR
B GBDOMRARK B0 AL
Aq= H(w) * (CBwcos(wt) + KBsin(wt)) =
H(w) * (Cwcos(wt) + Ksin(w)) « B. (33)
2
T(w)=H(w) * (Cwcos(wt) + Ksin(wt)) ,
. Aq=T(w * B. (34)
ST GO ATH TCw) Ky 6 By ZEOE . B
6 AE &, Aq Ny 6 AERE I & .
HRH R X B AR, a] LU



5 5 ]

WS 2 S [RDE s A N R B IR R 4 i it 1355

Bz 1 X ) 3l i A e i 4R ] 3 AT
DAAS B 55 86 2 A8 05 1) B 3 A% 8 1l i) A5 i)
Mgk, 2BHJE % 19 34 B2 R BOBOAS [A] i B, A
JH Matlab 3+545 2| FE Ik R GEAE 6 A J5 10 7Y
S 97 Hh 2, TR 10 FER .

IO.}
£
=
R
£10-
E [T~~~
= ——(C=5N/m

e C=20 N/m
y .
10 10- 10° 100

fIHz
(a) X 7] F- Bl 451 ) iy 28

(a) Translation frequency response curves in X-direction

IO.}
£
z
Z 10
2107
g ________________
= [ —C=0
- | ==C=5N/m

== (=20 N/m
10+ .
10 10 10!

JIHz
(BY 1] - Bl St il &

(b) Translation frequency response curves in Y-direction

—C=0

. b ==C=5N/m
E 10 e 0=20 N/m
=
£
E IO"
=
107

10-2

107 100 10!

(o) Z 171 S TR iy 25

(c) Translation frequency response curves in Z-direction

—C=0

o 10° —=C=5N/m

= —— (=20 N/m

=

£

z 1

E

10

102 L
10 10" 10!
JiHz

() X 17 e Sl 450Dy £k

(d)Rotation frequency response curves in X-direction

—C=0

o 10 ==(C=5N/m
£ e =20 N/m
=

2

E

72

=

[

10-

10- 10° 10!

JiHz
()Y 1] & Fy i it &
(e)Rotation frequency response curves in Y-direction
— =0
102 ==C=5N/m
e (U=20 N/m

Transmissibility

100 100 10!
fIHz

(D) Z 1 g gy g i 2%
(f)Rotation frequency response curves in Z-direction
10 B R 2R 498 52 A3 i i 42
Fig. 10 Complex frequency response curves of vibration

isolation system

HH & 10 AT, BHJE 28 H008E /) 2 4i e 8 K
o B DRI A5 T BEL e 7R B A e iR 0 {1
AN AR RO R A 2 . PR 7R B B IR 2
TEA A e PR W 5 e R RO O R IR B S
WA R, B 10Ca) () 2 B PR B JE R %K
Ry 0 B BRI 2R G0 1 8T 25 0 7 1 4% HE B B0 AR 0
S — AN FLPR I B MR R 0. 93 Hz, 85 AN Fh R g
WA 1. 54 Hz, X 02 WA W X F-3h Jr k47
E 5% B L 51 B R 2R G0 e P [ AT A0 SR Ak &
Az LR B BRI iR e F R TR Y 43 BT AT B
PR ARG I [ A 4388 0. 93 Hz, %R A9 R 1R
& K[0.4,0,0,0,1,00", BIEE — B [ A 45 4%
RS IRBL X 0 Fal 528 Y 1m 530 1A 1, %
W B S AEAE V- 3h S sh i & 240 X ) A7 0%
Jily Bt 25 8 O B RS . X 1 - gl A8 el
O BT — AN T Y R JE R B R B
ARV I o R R 20 g gy 28 v %) 0 2 X6 17
S X 1) OF B % 3 R A i A A, Y B e B R
B, A% 366 pR I B ZE M A 2 R AR AR A R Y
FE e SRR R AR G D)2 AH B G L S B2 3 R
I, 23 H B (R 2 A I 0 L TR B S A SR



1356 s

T TR

5 23 &

WA P 00 75 v A O R A R A 2 L R R 0 Y
I R IR AR 2 L X U R R R IR R 4
I 2 R /N 5 U {22 ] ) B S L B 44 /NI S
[ A 000 25 14 43 A S B . TR B R L AR AT P 10 (D)
(et XY [l g i & .

MW Z V) 5 ) R AT R B A e i 2k R
1 ARG R R 1. 64 Hz, X &K R
PRk RS AE Z WS T RN . A 4 A T
PR 4R R G S W A AN 1. 639 Hz, FRAF 0] it
70,0, —1,0,0,01", RFEUH Z -2 J5 1) 9 @
s, BRI HEISE Z G S i i el A HOH 1
ARG, HAE 10 K3k 4 s BT LIS F)
Xof B 1 22 6 0 A7 A2 00 ) I8 43 BT 45 6 B IR R Gtk AT
B BT I 4538 — B0, 43Il 10 v (9 43 i ity £&
AL, B AIR R GEXT T4 [ AR sh AR R O 10 Hz (9Bl
P FEW AT IR 90 %,

SE

[1] ATADE. Atlast-9. 2m: a large-aperture deployable
space telescope [J1. Proc. of SPIE, 2010, 7731,
77312M1-10.

(2] rHibAh, EF 3. KOBRFEREMEHSHEOK

ety v E& S, 2012, 5(3):222-228.
YE W N, DONG J H. Optimized design of light-
weight structural parameters for large-aperture pri-
mary mirror [ J]. Chinese Optics, 2012, 5(3):222-
228. (in Chinese)

[3] CROCKER J H. Fixing the hubble space telescope
[J]1. Space Astronomical Telescopes and Instru-
ments, 1991, 1494 2-8.

[4] ALLENJ, BRONOWICKI, JOHN W. A family of
full spacecraft-to-payload isolators [J]. Technology
Review Jouwrnal, 2005: 21-41.

[5] MORIO T, YOSHIHISA T, HIROO K. In-orbit
measurements of spacecraft microvibrations for sat-
ellite laser communication links[J]. Optical Engi-
neering, 2010, 49(8): 1-10.

(6] # &M, Fak, &k, PAELRENS )RR T3

AT 0 B R TR R mLI] Bk,
2012, 5(4):358-365.
YANG X B, CHANG L. JIN G. Influence of dynamic
imbalance of SGCMG rotor on remote sensing satellite
imaging [J]. Chinese Optics, 2012, 5(4):358-365.
(in Chinese)

AP T ET Stewart 1 B (1) 25 [6] 6 2% 2
Wb IR R G ST . @ESL T Stewart -6 () B 45
R B GRS T B 24 A O A S B AN
A B 4R 22 5 1 [ A AR AT R B A R R X
M, 25 T RRR R G076 A R A R [ A 40 % 5y
A4 1) B S 1] 38 Ao e G R AT LT A R ) A
WIS K BOR AL, I8 th — R A o7 k. &
XA ) 62 2 Ar » 32 I O vk BB 65 0 F B30 45 21
JEBBARZLR 1Y) Stewart #4751 K B 412 AT (1) W B2 A A0
B RE. e B3 BR G2 3oms , 54T T 4k 30
MR BT, S5 R TR & T 10 Hz (1
P& 3 e (T2 8 T3k 90 %6 LA b il R B iR ok,

[7] MILLER SD. Investigationof a novel compact vibra-
tion isolation system for space applications [ D].
USA: Air Force Institute of Technology . 2010.

(8] =, #. MEOCH ML T AL GWIRIT] &
¥ M % T4, 2011, 19(1): 83-89.

WANG P, et al.. Vibration damping design for air-
borne electro-optical surveillance platform [J]. Opt.
Precision Eng. , 2011, 19(1) . 83-89. (in Chinese)

(9] AM#mR, xR, EH#E, F. FH UITHNE&BER
P a5 (1. b & 4% T 42, 2013, 21(5):
1174-1182.

FUMG. LIU Y, CUI M L, et al.. Metal-rubber
vibration absorber for acrocraft [J]. Opt. Precision
Eng. . 2013, 21(5): 1174-1182. (in Chinese)

[10] KARL J P. Use of a passive reaction wheel jitter iso-
lation system to meet the Advanced X-Ray Astrophys-
ics Facility imaging performance requirements [ ] ].
Proc. of SPIE, 1998, 3356: 1078-1094.

[11] LARRY. Precision telescope pointing and spacecraft
vibration isolation for the Terrestrial Planet Finder
Coronagraph [J]. Proc. SPIE, 2005, 589902-1-4.

[12] DASGUPTAB. A newton-euler formulation for
the inverse dynamics of the stewart platform ma-
nipulator [J]. Mechanism and Machine Theory,
1998, 33(8): 1135-1152.

[13] KOEKEBAKKER S H. Alternative parameteriza-
tion in modeling and analysis of a Stewart platform

[J]. Selected Topics in Identification, Modeling



5 5 ]

W G L 45 A RG22 B N e B IR R G i st

1357

[15]

(16]

[17]

and Control, 1996, 9. 59-68.
Rk, FHA, H1545. Stewart Y5 IR 3 B 57
(1], #HA 5 H AR, 2004, 23(5): 594-597.
ZHAO Q, LI H R, HAN J W. Study on vibration
of Stewart platform [ J]. Mechanical Science and
Technology, 2004, 23(5): 594-597. (in Chinese)
RE, KT wm. RIRT A X B E G R 5 m 5
Brke 28k $ (1] F 4% k. 2013, 34(5):
657-664.
ZHANG Y, ZHANG J R. Analysis of influence of
vibrationisolation platform on attitude control sys-
tem and its parameter selection [J]. Journal of
Astronautics, 2013, 34(5):657-664. (in Chinese)
GOUGH V E. Universal tyre testing machine
[C]. Proc. Ninth Inter-national Technical Con-
gress, U S, 1962: 117-137.
HANIEH A A. Active isolation and damping of
vibrations via stewart platform [DJ]. Belgium:

Universite Libre de Bruxelles,2003.

1EE @It

HaI$E (1989 —), B WAL R IT A 18+
W55 A, 2011 AF FRUBUEE T K22 3145 2
e Y VANE SE AN %37 E ok SR LIRS
NEET7 W BB 5E . E-mail: yif19890327
(@163. com

[18]

[19]

[20]

[21]

DAVIS L P. Hubble space telescope reaction wheel
assembly vibration isolation system [ CJ. NASA
Workshop on Structural Dynamics and Control Inter-
action of Flexible Structures. G. C. Marshall Space
Flight Center, U S, 1986: BA1-BA22.

i, RE, B3 A, F. Cartwheel B X 32
PEEEE BRI, A5 M & A2, 2013, 21(9):
2317-2325.

LI Z X, ZHANG L, YAO J S, et al.. Design of
Cartwheel bi-aixal flexural hinge [J]. Opt. Preci-
sion Eng. , 2013, 21(9): 2317-2325. (in Chinese)
P UM S B s BoR [M . .+ B A
R bk oAt 1985.

YAN ] K. Mechanical Vibration Isolation Technolo-
gy of [M]. Shanghai: Shanghai Science & Technical
Documentation Press, 1985. (in Chinese)

MICHAEL R H. Vibration Simulation Using MAT -
LAB and ANSYS [M]. U S: Champman & Hall/
CRC Press, 2001.

BIRFB(1982—) . B il AL Fl
W5 B2, 2005 4F 2010 4F F o B R K
MRS W, FENE
P B4 | 25 6] 38 Bk 2% 1Y 1 2 o

2o

%Y » E-mail: xuzhenbang(@ gmail. com

(RIETE REWWT FEEH)



