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Six DOF platform applied in ground test of optical remote
sensor alleviation margin in satellite micro-vibration environment
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(Innovation Lab of Space Robot System Changchun Institute of Optics ,
Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China)
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Abstract: As the micro-vibration of a satellite platform restricts the imaging quality of a high-
resolution space optical remote sensor, this paper designs a six DOF(Degree of Freedom) platform for
the ground test of optical remote sensor alleviation margin in satellite micro-vibration environment.
The kinematics and dynamics models of the platform were constructed, and the transfer function,
Simulink model of a voice coil actuators were derived. Based on the models, the platform with six
DOFs was manufactured. A confirmatory experiment on the vibration acceleration control accuracy of
the platform was carried out, in which the micro-vibration frequency of the typical satellite was taken
as the input signal. The results show that the relative error of output acceleration has been controlled
in 7% in frequencies from 7 Hz to 40 Hz. The platform takes the parallel construct of the stewart
model, it has advantages in simpler structure, bigger stiffness and a controllable vibration source, and

obtained results meet the requirements of the ground test applications.
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Tab.1 Specifications of platform
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TAES# /He 7~200
A H B 71/ kg <20
ETPE¥RE/em 12.7
TFEFRE/ cm 17.9
F & ¥/ em 21.9
s /N <100
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Fig.1 System framework of vibration platform
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Fig. 2 Coordinate frames of micro-vibration platform



EoR ]

JUE W, 55 T O R T % DA S ARSI A BN A S 2208

NHBEEMIRS T G AR R WA 2 fias. B
PR R A BT GABR R B EAE BTGk,
{B} AR bR R 52 B G A bR &R, [ I 0 1 O 157 12 4
AR, PoG=1~6) RIELEIMM LTG5
OB (i=1~6) REHIMAN T T & 048GR,
ZETFaMFE.R AT FEI ¥R, 0 N P,
Py 55 O S .0 8 By Bi 5 [ O ) HY
KA

FERPEAR AR R (B} T, /N ABMETF GRS A
e B 7% 132 3 5 Ty AR T4k N

Bl,="t+Pp,— b, =

B4+5R « Pp,—"b,, D)
By, ="t+oXiR «"p,, (2
I.="1% « By, =
PP (@ X PR py (3)
ba,="t+oXiR « "p,+
oX (@XIR*"p.y, )

AP AR RoRH  MMEB R N AR, B AR
BMP 7yHRmZEEN TG 8EFEME
TEBWRL ONE T MESHBKEL A
R 2 88 K B AL L L, =21 /1, N &K
JFE 7 18] i) B AL ) &, Vo, M Pa, 9 BB 45 R P
(g T2 5 R 00 S B L e e oy O B OF B AR B R
MO E R INEE AR "p, NP, &R E
AL, B S R E R0 N BG4S
RMERE,

AR VB S {2 3h 4% T LR R O B Ak
bR 2T AL 3l 25 1 2 1 AN A 0 R Y e

by, ="1,=1, « °L . te. X", 5

A o ARSI EF I AR

FIPL 330 (5) BEAT XO3fe , [F IS 22 W 42 3l 2% (1

?ﬁﬂﬂﬁéﬁﬁ%fﬁ_iﬂ(wm ° Blm:o)ﬁ:
B B
= Ve (6)
I,
12 Bl 3% 10 Ff1 0 B
B B, __ e
LR & R “”"lv 2oty ()

X T W03 15 B 4 E T A A

YA [ I 2008 {2 3 4% B S A8 B A R B 7
EN SR BEAT @R
mE miR pTER™

0 0 o rmE; . N
{o J)ifRPIféR’I}q+[ 0 }wz(gRPp[ﬁ
kI'Jq=J'T, €))
X:g NE6XT I EFEIREME,q N 6X1E
B Lq N 6X 1 IEBE LT N 6X 1 3L
mmE,m R B &0 RE, kN30 NEE,
E; 3y 3X3 BAFERE."p. 8 3X1 IE EF &4
BRTHROHE,p. Mo 558 p o i
XPFRFERE PR A 3 X3 M H L& Aks &K
G REH M BELEE.J N 6 X6 AR L
R,
ZERMB[AGBHENEL T, TEKNHE
BBV & 8 Jy AL B LR R N
M(qyq+C(q.qyq +Kq=J"F, (9
Arf M gy 6 X6 {15 B ML, C (q.q)H 6X6
O SRR ST BE K S 6 X6 [ NI EE,
F 6 X1 M{Esh 811 (F= (fi fo foyD

W N I A =\ T € R ) e 3 )

BT JSE B i H 38 ah 77
F=]7T[M(q)iijC(q,i])t'IwLKq]. (10)
2.3 FREISB/EH

TG AR 3h 4% 1 3 77 YR ik A P R L, 1%
P FLTE [ M AR R Kt i o 5 adE
LSS L ROE b . & B LR A H 25
AR FIE B L 20K n] DU D Ja Bl 3 L R A
e I AR B SRR A AR OE A TR L BR R
(1) £ 3 77 i & & .

P ERL IR FUR S T 2 TR A e G R
RIS 2k E B, TR [ R RE 3 A LA 2 3R 4%
TLEANMEE ) Fy 5RETHL.

Fo=K.I, (1)
el EEINOE R AR

PRUIER"

A K



2204 N KEE TR 24 %
IG)
V(=Ri(1)) Vs)
+ mst+bs+k

V(l)<+> C o Ve Va=k.) Lms®*+(Rm—+Lb)s" +(Rb+LE+K:Ky)s+Rk
0 - (18)
" B 0 5 I s L4182 58 A 41
fF, EEENPFHAREARSHE R 2 iR, ATYH
B3 3 ML R B WRE B LA g B, R I T HE R,

Fig.3 Equivalent circuit of a voice coil motor
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Fig. 4 Mechanical model of voice coil motor
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Fig. 7 Physical platform used in experiments
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Tab. 2 Parameters of voice coil of motor

i H 21

% I ek {1 i 14 3 /N 204. 3
g /N 64.7
HEH/(NAD 24.4
REEHHFHE/(Vem™' = s 24. 4
1712 /mm 25.4

31 E T A/ mm 0. 64
BT HRE/g 240

E T PR kg 1.24

2% 40 HL FH /Ohms 6. 4
SRl HE@1 000 Hz/mH 4.0
RREG /W 45

£3 MEBEFT QU 7 T 2 10 0 ik
S 56 4

Tab. 3 Experiment results of reproduced vibrational

acceleration by the physical platform along axis

x in some typical frequencies

T T T T
mes ?) (m=+s?)

3 1 N E —
5 1 1.44 44
7 1 0. 94 —6
17 1 1.07 7

20 1 0. 97 —3
22 1 0. 95 —5
38 1 0. 95 —5
10 1 0. 95 —5
43 1 0.4 —60
48 1 N E —
53 1 2.61 161
60 1 1. 99 99

80 1 1.61 61

166 1 2,07 107
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