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Nonlinear decoupling control of multi-DOF servo systems
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Abstract: The nonlinear coupling among axes of multi-DOF servo system is an important issue which deteriorates the
system control performance. To improve the system control performance, decoupling control of multi-DOF servo system
is investigated. Firstly, a general coupling mathematical model of multi-DOF servo system is established, and then its
inverse system is obtained by using Singh algorithm; finally, according to the desired nominal linear transfer function, a
decoupling control law is developed. The proposed method avoids the differential geometry theory, and mainly involves
matrix computation, so it is easy to be understood. The proposed method has been applied to the decoupling control of a
three-axis simulator.

Keywords: servo system; inverse system; nonlinear decoupling control; noninteracting control

1 813 (Introduction) Oi(1< i < )2 ) i G R, 0, = %’
ARSCFTINS GG DOR IR SR o g g Sy

F AN LI ED 4 2 2R 5 0 R 6, 4% e 1 L 2 S o T i
P BRI T BB, 3505 S L 4Dk R ii;gg%iﬁmm HERIRERTLIT PRI
oo S BREREREE € 6 11 1 BE SR ML L A S 2 | .
W R AR GG % 1 R R S o T T@F 2L gi@)u, W
A0 (A e R £, R S0 R S M B (R 2(to) = @0, y = M.
WA AN TR . b T I, A
FEHL AR ARRE NS RERmE T -
TR TSP TR PR O A 1 o 3
FETE, FHR IR ST I RR 12, SR R & o h(@)
P48 JLART 7 32, T S5 B 2 T 8 5 AT Bk z=| =] @)= 0]
BT, IXFE 5 T PR A Top_1 9n Taop,
2 %A A IR AR G R A B B (Cou- | 220 | [0n] | fu(2)]
pling mathematic model of multi-DOF servo 0 Ql(tO)
system) axi(z) 01(to)
B % [ b IR 2R 6 AT AR AR 4R, 1 o gile)=1{ = |ym=| i |,
SIS T AR B R, R e, R 2 A 0 0, (o)
P ) IR 25 456 1 B (B A B EE). 260, () 0, (t0) ]

ke H #1: 2010—03—19; Y& ek H 1#: 2010—09—20.




% 8 1] PRI 42 1 o R 28 2051 e e e A 1177
10 0 0 =z, =y = & (), hBXf 2, KOGT IR 54
M 010 -0 | 2=y -yl = éa(x) + Do(z)u =
R fi(x) a1 Qi | W
0 - 00 1 om : ]+{; KT )
Fr@), -, @) B A L f () AOURT Fo@)] Lann oo @] Lun

iS5 RS B L S B L DRI A £ R
NEEZHA R, LA B RS OR, fi(x)
A F5 S PR AN R 2 I, T8 AR LT, B A I AR 2R
PEI. aqy () I RIAS G () R HLEE 0 R B, aga(x)h
XS R A BB ann (), ar, ()55 DL A,
B 2R AT, W R ay; () (3 # 5)A K 0, k5%t i
ARGy = [y -yt =1[0 - 0,]%,
RIAEA (D) P PR TTRE b, At 2 -l fa 4
3 @ RS ¥ W) A % vH(Decoupling control law

design)
3.1 HE Rk (Calculate inverse system)

Al DUFH i A R SR 6 2 A B B R kAT
iR AR5 61 {H 5 25 Aif R 75 L Falb-Wolovich & [ n] 1.
Singh 52 ] LA 31 fift F A B A 7 7 1) 4 7~
AR HSingh B3k 2 A i BE ) Ikl & R 401
Zgl~ WS (HFH

,_ dy

V== Mi = é(z) + Dy (z)u =

To 000 (751
AN N
Top 00 0] [u,

R, v KRy K TR — R T 22 =
y =10, - 6,7 é(x) = [0 - 0,7, BH
R Dy (z) AT 3, B Dy (2) 8 47 40 15 48 e,
4Di(x) = Ro(x)Di(x), Ro(x)l1ED; ()%
firank(D; () = OFT 2 £k PR ST AT ) B 1R 40 540
B 101 rank (+) R R BE 98K, Q)W EI Ry (2) A
B R, T

Dy(x) = Dy(2), e1(z) = é(z).

; 2)

*@iﬁlj}\éﬁsl
. &= f(z)+ ;gi(m)ui, 3)
z1 = ¢1(x) + Dy (z)u.

U4 Dy () A R 3808, AN fE AN S3)M HE 28 T B, [N 0
BRI R G s, 7321

. 21 o El(l') Dll(CL‘)
BN N
Hp: 2y = ¢ () + Dy (2)u, rank (Dy(x)) =
rank (Dyy(z)), Bl Arank (Dyy(2)) = 0, Wz, K7, 2,

G &) = [file) - ful@)]", Da(z) =
(a;)1<i<n1<j<n) ZAHEMNRRGE®
Bl 43 ) PR e A A S i F LR Bh, RS UL R, X
Se—Hhain S, A b L Bl 9K 3h i i kT
Al MLl PR 5 0, R

lai| > la;] (1 <i<n, 1< <n,i#j), (6)

DAL S0 22 H bl 2 A il R 48 1T 5 %Eﬁiﬁz(:c)%f/l\
AT TR S RTINS T X Dy ()
AT HE AR . 4

2o = {21 éll]T — [91// .. en//]T’

Dy(x) = 152(33)7 ca(z) = éa(w),
(EEI SN

)i =f@)+ X gi(@)u,
So i=1
2o = Co(x) + Da(x)u.

KK Dy () n] 3, PRt ST A H e
u= D5 (z)[z2 — cz(x)]. (8)

WU AR RS DL T 3 — Bl A p L A Sl (1 3k 3)) )
FE /N T A BN 2 Al RS S R, 84 Dy (2) R
REANTTI, R Dy () AN AT, W AT DL AR B2 53 i 2o,
PR L o I 1 (L NS VL <L B = S =
B D, () v 30 A5 2 ] . AN RIS 43 19 ) B
BOCAT DLBR i Sy R S TR 5 AN o] Re Al O R 4
XN R I YRR S IR B R R A
R, PRI s 2. K@), 2
T g RE AL B =B S50, 2 B HEMIR RS
— R DG W g T 284 Sk A 7 W 5 oA, R (R
B 20 i E 0 S 50— R
(177 ERAT, A TR B BRI 7338 B30T Ok (1) v A g
BN A T AT A . A\ T A
TR, BTG (E 2o 1 e AN 52 m 2U(8) 1) 3 th, B Ay
2 A IR AR 825 At A0 A 1 2 T LA pR 3 i
FE360E 5 J& AT — 7 B L, o HH B 24 i FEE W0 4 1
HFAL, FAR BTG AT LAY 5 2 A Hik e,
3.2 ZtE4k(Linearization)

KRG H AR RGN &M R4

é\

(7

=" - wh O



1178 BoW o s N A

08 %

FH 2RO () ) zg, IR A4S
Gisy "

CENIIE N IUBUIEA

%%{iﬂ@+i%@m“ o
u= D5 (@)lp - ex(a)].

3‘5851$H/i\f§ A e R A il 3R e BE &R 40) T I,
M AS R 2%, s, e = [ry -
o)t R 2 R AR I R G R A N, 2l AL
WA K o, A2 8 h AR IR 2 5t 1 4% 3 o 250k 9
BRI S PR ARG EAL B R . i 2 At B AR IR R
SR AR RS S AR PR E AL 38 PR EUN G (), W

o) = Y (s) _
G = R
K,
(Jis+0b1)s 0
: : ;3D
0 7Kn
(Jns +bn)s

Horr: R(s)MY ()73 )k B L rfr iy () 47 3% 7 45 AR
e, Ko, K70 0 g 2 il s B D S5 80K A% 4,
Jus oo T3 A T B Rl A AL R A5 O S A6
B, by, oo, by 20 AR ERORE PR EERE ) R L A
YA AT AT LAHAT, 24
Kir; — by/
J; (
i, PIAE 2 B A IR R AL R Ga(s). 8
AN 0, T LK H e Rl i

Qi = 1<i<n) (12)

Kyr biy!
Ji Ji
u =D (x) -] | e,
K,r, bn Y
Jn Jn
(13)
Kh: Dy(x), ea(x), Ky, Jiy b RAMM S, y/ =

0, % 4% Tl (¥ B 8 TT FHOWG H 4 B B 10 7 A S 1
ZEAF RN, ot DA A RN, B 3) T 25
B T AR S A DASRAR IR, Al X (13) 3t o] DA &b
(PRG3R TR,y RSS2 5047 0%, AT S B0
TR .
) WRY S, SR RS So )

T | a=reedgn [, s=f@edeeu [,
r u=D,"M[g-cx(x)] | u, | Y= Mx "

P eana
it y
B 1 2 A AR IR R S AR [

Fig. 1 Diagram of decoupling of multi-DOF servo system
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Fig. 2 Coupling disturbing torque comparison of

with/without decoupling of three-axis simulator
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Fig. 3 Decoupling control law of three-axis simulator
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step response)
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