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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 5|E (Introduction)

AU 2 B B (multi-DOF) i JI 5 4 12 3
E 2O I e E S e PN E o N N R R L
PEblas i N iagh. 35 B 6 | 4Rt i ARE T
EINRE IR 7N 3 ZR 2 A INL IS REE) iR TR /IR A PN
W Z ARk RS £ A hEARRSE &
[AIAEAE AR PR &, 2R R G BITE R (Bl i
WA — AN EE R, O T 3SR IR, A8
T EWFIE L B R ] e 2R G0 A e A R 47 A (R
B [/ V 1) W = T e S BTN SO 5 2 ey o B
BEVE, RIS SY JUAT J7 iR R 2], A SR H
oy JUAT i, T LR R R 5 AT Hi iR Az
B, XA T AR
2 £ BHERARRZEKHEE R (Cou-

pling mathematic model of multi-DOF servo

system)

LN 2 A A IR R G AT R R 0, R
FNIEE B G B N R R, R A
HT S A7) il 2R 46 10 Al B (B A B ). 826,

ks H #: 2010—03—19; W& ook H #: 2010—09—20.

. . NI do,
0,(0< i < n)r il e A7 B AR, 6, = O
/?\351 =01, 23 = 91, c, Ty = Oy, Ty = ‘9n, )

2 A AR R 2R 48 00 R £ B A R mT DUR R T AR
&TT IR AP

= f(z) + i:ilgi(:r)ui,

Sg - )
x(ty) = xo, y = M.
o
[ T | _91_ [ T2 ]
Zo 0, fi(z)
T = = || fl@=| |,
Ton_1 0, Top
| Ton | _én_ _fn(x)_
[0 ] [0, (o) |
ayi(x) 0, (to)
gz(x) = : y Lo = )
0 0,.(to)
i () |0, (t0)




5 8 1 PR % 1 IR R e AR PR ) 1177
1 0 0 0 =z, =y = ¢&(), GBS 2 KT IS AN 44
Y L A=yl o l]" = la(a) + Daa)u =
IR fi(x) a1 o G| |w
0 - 00 1 om : ]+{; KR 5)
Fr(@), -, o) A B RE 2 B, () A OURI fa@)] lam o @] Lun

PG RS B L S B L DR TR A £ R
JIEESHA K, &M Al Bl AR & A K, fi(x)
A FE S PR TN R 2 I, T8 R LT, RS T R L
PER). ary (2) B ENLA 5 B LA 1 R EL ana(2) R
XTI RS B R, ann (1), ar,(x)5 DLIE 2 HE.
B 2RO AT, W ay; () (i # 5)A K 0, k5%t ki
AERMEEM. y = [y -yt = 1[0 - 0],
RIFEA () P PR TTRE b, At 2 -5l s A
3 @ RS ¥ 1 4 % T (Decoupling control law

design)
3.1 HE ARGk (Calculate inverse system)

A LA F SRR SR 2 A AR IR R Gt AT
R AR5 61 H 25 Aif R 75 X Falb-Wolovich & [ n] 1.
Singh B 15 17 LA B 24 7 A8 45 4 7 59 1A 0.
AR HSingh B2k 2 A i B ) okl & R 4011 i
Zgl~ WS (DHFH

,_ dy

V=4 = Mi = é(z) + Dy (z)u =

To 000 (751
AR HEE N
Top 00 0] [un

R, v KRy R TR — X F4. 22 =
y =10, - 6,7 é(x) = [0 - 0,7, BH
K@) Dy () AT 3, PR % Dy ()9 47 5 A% e,
4D;(x) = Ro(x)Di(x), Ro(x)lED; ()%
firank(D; () = OFT 2 2k PR ST AT 1) i 1R 40 540
BEO01 rank () 7R AR BE I FR. Q)T 4R (2) A
AR R, T
Dy(x) = Dy(2), e1(z) = é1(z).

Ryt 2R G s,
. {ﬂﬁ = f(z) + 2 9i(@)us,
S1: i=1

21 = c1(x) +7D1 (z)u.

; 2

3)

U4 Dy () A m] 380, AN fE S HE 28 T B, [N 0
BRI R G s,. 7321

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

XE): &(x) = [filz) - ful@)]", Da(z) =
(a;)1<i<n1<j<n) ZHAHEMARRGE®
il 0 ER 2 AR A5 A TR F LR B, RS LR, X
Se—Hhan S, A L Bl 9K Bh i kT
A b e AL At PR A S, B

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

DAL S0 22 H bl 2 ) il R 48110 5, %Eﬁiﬁz(:c)%f/l\
AT TR RS R A 0 B, X AN T XS Dy ()
AT HE PR . 4

2o = {21 éll]T — [91// .. en//]T’

Dy(x) = 152(33)7 ca(z) = é2(2),
(EEIESS N

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

K12 Dy () T8, PRI A ST A e
u= Dy (z)[za — ca(z)]. (8)

WUERAERE RS DL T 3 — il A p L Al 10 3k 5)) )
SE /N T A OO 2 Al RS S T, 84 Dy (2) R
ReANTTIE, R Dy () A AT, W AT B AR B2 53 i 2o,
A L o PR (L TS VLS i1 B = S =
B D, () ] T I A5 458 ) . AN W] 3053 43 (1) 40 B
BCRT DLBR i Sy R S TR 5 AN o] Re AL O R 4
XN R — A Y AR S IR — B R A
R, PRI s A2, K@), 2o
LT I RE AL B =B 540, 2 B MR RS
— R G WL g T 284 Sk £ A7 W oA, R (R
B SE) I L E S50 R A
(177 ERAT, A T R B BRI 7338 S5 A1 Ok (1) v A g
BN A AT A . AN E T A
TALHN, BTG (E 2o 1 e AN 52 m 20 (8) ) 3 th, B Ay
% 1 FEAR R R 40 %%l £ A7 B R 2 s mT DL R e
FE360 5 J& IRAT— 1 B L, o HH B 34 i3 FEE W0 4 1
HFAL, FAR BRI AT LR 75 2 A Hik e,
3.2 ZtE4k(Linearization)

KRG N H WS AEL T RGN LM RS

(7

4

=" O



1178 BoWH s N A

08 35

F 2RO 2B 120, BI SR A R (HE R R
Gisy "

o {x — f(z) + i:ilgi(a;)ui, o
u= D5 (@)lp - ex(a)].

flso R BRTE 2 A f1 LA IR R G LR ST I,
F A AR 2, W PR, Bihr = [ry -
)T 2 A W R IR SRR R R, Lt
HE K o, 182 B B2 A i 28 58 10 A% 32 bR 250 301
HIAER S ARPR AL 3 e . 2 B R IR
GO AR S AR AR A% 3 s O Gy (), T

_Y(s) _
GO =)
K,y
(J1s+b1)s 0
: : , (1D
0 7[(”
(Jns+bn)s

Horr: R(s)RIY ()73 )k B L rbr Fily () r 3% 7 4 AR
e, Ky, K00 0 g 2 il s B B 5 80K A% 4,
Jus ey T3 A A B KRl A B R A5 O S A6
B, by, oo, by 20 R A BRORE PR EERE ) R L K
YA AT AT LAHEAT, 24
Kir; — byy/
J; (
i, P2 1 A IR R AL 3 R A Ga(s). 8
AN 0, T LK H e Rl i

©; = 1<i<n) (12)

Kyr biy!
Ji Ji
u =Dy (x) -] | me@),
K,r, br Y
Jn Jn
(13)
Kh: Dy(x), eo(x), Ky, Jiy b RS, y/ =

0,2 45 b1 3, 2T P O Pl G D 4 1 O A A
ZAG R, vt QR M, L 13)+H 25
o5 L T LASRAT . A3 ] 30(13) T A&l
RIRE 15 00 MK, s CRN S5l 2 A7 0%, M S 3L
TR

MRS, SRR S So

A U )
R -

L | i=f@gg @[] =@ mu |
| 4=D @lp-ci] | w, | y=Mx y

P e

My
K1 2 A HEM R RS EE

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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