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Abstract

With heavy load and high center of gravity, the Stewart platform based on kinematics control strategy
vibrated in one degree of freedom will cause the vibration in other degrees of freedom. To solve this
problem, a vibration control strategy used in the position closed loop was presented based on the Stewart
platform dynamics. According to this control strategy, the actuator force, calculated by the dynamics
model, was used to control the platform vibration, and the control precision was improved. At last this
vibration control strategy was validated with the Stewart platform in 15° pitch posture. Comparing the
vibration response of the Stewart platform controlled by kinematics and dynamics respectively, the results

showed that the proposed control strategy could reduce the coupling vibration caused by the platform load

%41 %5 56 )

effectively, and could achieve the precise vibration control in any platform pose.

Key words
Multi-body dynamics

518

Stewart - 5 PRLHA W 7R 20RE 77 98 55 R
T T 02 ) T B A A AT A AL 2 S
AL I SR A T AL 2 7 A ]
LA T NSRRI BB, BT L Stewart *F &
U ZEAE AN [R5 T S BURS A ) R S AIR 3. HRI,
7N A H AR B ISR UL B 55 91 B AR R 2 DLIE AL o
i, Pl B9 75 1 S R B 07 1 S A — 2, B DU i 7

Wk H O 2009 — 12 —17 &R H Y : 2010 —03 — 15

Road simulation shaking table, Stewart platform, Vibration, Coupling control,

VBRI . TR TF Stewart &, 1 T4 A
P 09 5 10) 5 9R Bl 5 al A AE — & 09 FA B2 OF Bz A
JELE R Al B9 Y 25 F SURRAATH, BF L Stewart & 16
BATT I bR S e R AL R R AT AU R T
B ENER T ETEAREE T ERERE T H B
JE LR S [, b by B A E A [ AR A 4R
By o R A T A AL 10 Sl R P A, T
T 25 1Y BT i LK, 0 B3 5, Ir LA Stewart -
B B X PRS2 S A E

= [E K HARBEEFE 4 B BT H (50975055 ) FECH BRI 42 08 75 A A SR H (NCET - 04 - 0325)
EEB N : T, LA, EEAS SRR T DU IR 7% 6 5 05 AR WES , E-mail: dophy2180@ 163. com



% 6 1] 7

T3 12 Y Stewart - 5 ik 3 £ Hi #0059 21

i fif ke Stewart F- & & B B iz 2l 1 RS A AR
LA w2 400 Bl S A S ], A SCFF Stewart P51 £
gl Jy 2 s AR B . R Stewart V&
(R B g 2 15 U B30 1 4% 1 TR H 6T S B0 3 B4R 20 T
T T, O ELR B2 I 25 1) O 1% A A TR AT AL
AR ) 0 A b 52 B Bl O 2 B A B Y
73, T35 2098/ B e — A 3 B I 3 5]k i A
H e BEis g H .

1 Stewart EFEMBH HZESHT

i Tt A H] Stewart V- &5 19 gy ) 22 45 A8 55
HIZ 3T G R 3h B 7 09 7, i DL 3l ) 2 A RS 1 T
TR R B4R PR Sh I A ROR o o TR R A
(K BE , % Stewart 7 & @7 2K Sy 2R, B
R A & T i 8 °F & W it , 18 2% 18 T 6L &
TG 21 i &

W 3K 3l 1) Stewart
6 g5 R TR a1 R
AN S SN N = o
(L 0,0, 43l 7 1k
AR R 0,X,Y,Z, FGPE
bR R OX,Y,Z,, AR R
HALE 1 R s Xk
BT X R
[ ']’ W\¢t%uwé}
B IR TG AR R A
b FR 14 °F- 3 3 BE ] o R0 A
R A, B0
FEE Zhy 153 B 5 B 43 0l
m, F I, o W H &L 7 10
#HN Lo

¥ 1z g~ 6 A WK, A 28 B5i— Rz J7 7 Al LA
GEIRSSI VIR )

[RA”L; L,,]f" ) [ m(;l ;),]Lj '
[g !)IH ] [ g] v

b L, —— I T A 5 ) Kk 20 A 6
R—— [ V- 5 e e 732 46 5 1
A" —— FBUSAE AR AR R Y A bR R
OQ— A HEE ] 5 oo 19 R0 PR [
WK (D) B h— ksl 2= i B
J,()f, =M, (q)§+C,(q.9)4+G,(q) (2)
K J,—Stewart V- G HE 52 L FF
I8 — AW R GL X Stewart ~F- 5 3)) Jy 2 5 A

K1 N A BE Stewart
5 A bR s B
Fig.1 Coordinate of

Stewart platform

A B2 IR, B 51 X s — > Y0 T 2R P A4 - Az A
BT R . Z 5, Bk LBk 805 21 E P
B Ty [ b I A8 3 5 AR I Kane J7 2
HEH NG mAI I Stewart - & 19 2 W 14 3) 7
IR, BIBWIRG A E S AR T B s RS 1R
EIEZLS7 PIES it

J,(a)f, =M (9)§+C(q,9)4+G.(q) (3)
o

6
M (q) :M,,(Q) + z JZi,q(Mmr,i +Miu,[b,i)Jai‘q
=

6
C.(q.9)=C,(q.9)+ > (J, (C, +
=i

Ciu,[b,l)J(l[,qq - |w|2(Mmr,i +M[n,[b,i)Pa;a[)

6
G, (q)=6G,(¢9)+ Y I,,(G,+G,)
i=1

P =00

AP G, .G MM, M, , 535l Je 453 bR Ab
E’J{ﬁéﬂ%\ﬁl/ﬁﬂﬁﬁﬁﬂ:‘ﬂﬁi,cmmﬂﬂ@%&ﬁi?lﬁ
1 BB AL R IR T BB, C, SR L R FE R SR
ol EERAERR O BT, 2T )
B b BT B [ ) A S L

4 Stewart - 55 [ 45 14 2 BRI iz 5l 2 2 B 2
J5 % 7 AR AT LASK Y 52 B 48 A e AR Bl I R 4
P Bk sh o W Tizsh e T ks M T s
2 3 B BT A S 18 2% T A 18] A R B BU R I O R
o T RE IR T B IB 5 THEACE R

2 HENZ&MRT

FEFUL A5 = 450 8 JER 2 38 1 Stewart P & 1 =5 0 1E
RS R E N . B T 5% Stewart SR ER M, IE
S A S R A S 2 8] A A AR AL R A Y 22
S, T AR AR 2E o O T I BR X Rl 2= S, A R AR
P S mg (APC) X AAE 5 19 W 8 F0AH A7 2E 47 #h
B i 5 S B L TRAGS .

W P 7 ) 3R Wk A ST E XU A B2 2R 1A N AT
Ja P 2 ) 45 ( ADALINE ) L fili b, H s #4051 2 fr

P i
! w'p+b [ a !
A2 Fan

Py w, LA R AL :
: b

________________________________

2 Xliﬁ/\ ADALINE #f 25 [ 4% Ji 24 €]
Fig.2  Schematic of two inputs ADALINE neural network

2 R 28 o AT LR IR
a=purelin(w'p +b) =w,p, +w,p, +b (4)

itqj W—ﬂﬁf"ﬂ%,"’:[w] wz]T



22 £ ok Bl

LR S 1

2010 4

p—HiAE,p=[p, p]"
b——1i #% &

M A E N AT R 2 Y e ) R R
Widrow-Hoff & 3" """ Widrow F1 Hoff F| F £ /M4
T3 FE (LMS) | Jeb o8 6 ASC{EL 1] i w {6fF I00 28% £ i
A B Y a3k 2 85 J7 22 B/ o Widrow-Hoff 553
AR A AL I 2 A X

w(k+1) =w(k) +2ae(k)p (5)
A a—%F R
e(k)——k [ ZI (1% 2
YRR RN RO TN ERE|
u' =A'sin(wt +¢) =w,sin(wt) +w,cos(wt) (6)

AR (6) Bt 11 el A 42 il 25 2 4 DL 1D 3

u wl
Ty @( SN [ HEE
Eﬂa%@ : 7 L
JTR twamrm o Ao
VIR )

P13 g A 9 o) it 2
Fig.3 Schematic of APC

Xf T — W A8 1 I 5% A5 5, i 90° 4E AR BR YT
P 3t AR 5% A5 5, PO 2R 1 O AT A 2 R 4%
PR w, F1w, , 7 A A A A 35 W A R AE A7 1Y 1E
S IE T 6 S S A Y
2ede /N, LB T AE BEAF S W A RRE o7 1Y) 1R 22 BN o

3 HRBhIZHIREE

R 1Al Stewart V- 5 GE 45 7E A [ A8 F A B
ar PR AL B AR S BT, TE Stewart V- & i B 45 ] (19 &
filt b gEAT R sh P, 4 i R BN 4 B .

e

?é}ﬁf% (OA:+
atiil

- it s

Y52 | Stewart -6

EIpIES

P4 i 4 o gt 2

Fig.4 Schematic of vibration control strategy
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Tab.1 Parameters of the Stewart platform
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Fig. 6  Vibration response in vertical direction

controlled by kinematics method, 15° pitch
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Fig.7 Vibration response in vertical direction

controlled by dynamics method, 15° pitch
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Fig.8 Vibration response in longitude direction

controlled by kinematics method, 15° pitch
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Fig.9 Vibration response in longitude direction

controlled by dynamics method, 15° pitch
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