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Robust tracking control of mechanical servo systems with
inertial parameters varying in large range
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(1. Institute of Mechanical Design, Zhejiang University , Hangzhou Zhejiang 310027, China;
2. College of Mechanical , Electronic and Automation, Huagiao University , Quanzhou Zhejiang 362011, China)

Abstract: When implementing different tasks, mechanical servo systems must adapt to various working loads with different
weight or inertia, which may lead to remarkable variation of servo system’s inertial parameters. In such cases, motion control
methods at present, such as PD control and disturbance observer-based robust control, exhibit instability or tracking performance
declination. A novel nonlinear control scheme is proposed to deal with the above problems in known variation range of inertial
parameters . The sliding mode technique is used for servo-system to achieve robust stability and guarantee transient response, and
the boundary layer control is also adopted to avoid chattering introduced by control switching. The servo-system’ s global stability
is then proved by using Lyapunov’s direct method, and the transient performance is analyzed. Computer simulation results devel-
oped for a DC motor servo-system show the effectiveness of the proposed method.
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2 (8] @ #iA (Problem description)
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Hep: J ASRFEIRE, B RERHERE v N
BRI, d SRR RSN IR B A, 6
Ah BRI RARESELERMA S A

Jo< J < Jus (2)
B, < B < By, (3)
| d| < dy. (4)

HA: J,, Iy, B, By HIEEEE L E AT B8 U
MRS
J.6, + B0, = U (5)
Hep: J, > 0,B, > OWERIBH, . WERIEIA LG,
R RERREG SN
e=0-20,. (6)
A SRR X F R (1) Kb u, 7524
ERTHAMSHEAHER() ~ (4) B, REFIRZE
e(t) AR, HY t > o Bf,e(t) > 0 BT HE—
R
3 E#EEREEH (Robust model tracking

control)
W J, B, ASERR b S E, B
Jo= 5 Cn+ i) )
B, = 5 (By+ By). (8)
Xt F & USRI R 5, BN B PD # B
p=K(r-6,) - K,0,. (9)

He.r> Oj@%ﬁm/\ﬁ:%,KP >0,K; >0H4PD
FEHESRSE, HBUA RN F 4 URRIAR R SRE, B
W S TR

N TRRAGREREA v, ERHBEENT

u= —Kz—h(ﬁ,@,t)-sgn(z)-r.]a(“Il‘y—:\e) + B,0.

(10)

Hep: 2 = B/J, WEB.K > 0 ABERY,

h(6,6,t) Futla] ¢ BAELRAE RS, sgn( - ) HFFS R
B, HE X TF .

z = ¢+ Ae, (11)

h(0.0,0) = dy + 5y - Ja) Ji# VI
%(BM—BMHBI, (12)
19 x >0,
sgn(x) =130, x =0, (13)
_19 X <0.
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B RRSRE
Fig. 1 Block diagram of servo systems
FEEHREQ0)FHE THSEE sgn(-), W F
SEERRLA , 1 B AR R R B R GR L PR,
FEFR YIRS A . e EARE O, R R
B sat( ) UEFF 5 R HTSIA N FZ M, 0 5]
BT B0H

Ja(Jip - A9)+ B,0, (14)
1, x> A,

sat(vAx—): ”i—x, |x|gA, (15)
-1, x <= A.

Hf.e >0,4 >0, A REDREEE.
4 TREMEMERMBESHT (Analysis of stabil-
ity and transient response)

EE 1 XTREQ), RBUZHE9)(10), 5
SR R SHBH R (2) ~ (4), MRS A
REER BHED DB ERRHZ 0, H
t— o Bf,e(t) —>0.

iE XAy Lyapunov pEAX

V- é—]zz. (16)

B GHMADEA
J=J(0-0)+a06-6,)]=

(Ji + BO) - jJ—(Jne'n + B0,) — BO + AJ0 =

J

LA

BRIORALH
Ji = - Kz - h(6,0,t)sgn(z) + d +

(J. - J)(Jiy - A0) + (B, - B)b. (18)

Xt vRR,H

u+d- BO + AJG. (17)
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- KzZ2 - h(0,0,t)sgn(z)z +
[ d+ (U= DGu - 20) + (B - BIO] <
- Kz - k(9,6, l)sgn( )z +

2l [Vdl+ |1 = 01| 5u - 20+ |B. - BII0]].

(19)
HA () M), X FTHEEH J € [J..Jul,B €
[Bn,Bul, &

o= Il <5 = J), (20)
|B.- Bl< 5(By-B,). (D)
ZERX (20) 2D M(12),F
h(6,0,t) =
ld|+ IJ(,—JIHH#—M +|B, - Bllal,
(22)
ny
V<- K2 :~¥V, (23)
%A
V(1) < e 17(0). (24)

Hof: V(0) = 7 J(0), R (16) , - B M Rl

HFO.HAA >0, HIR(),BEIRE (1) BHEK
HTF0. XEHHK (1) —HER, () Me(0)HR,
T FERMN ¢ > 0,e(e) Fle(0) HR. () A
A

J.0, + (B, + K)O, + KpO, = Kpr.  (25)
R, % 6,(0) 1 6,(0) HF, MXETEN ¢ > 0,
0.(e) 6, () B R (6), M oMo H R, MRS
FBERSHER.

WA 1 EREEEE,E 2(0) 20, RGO LIS
ERBPIE NS £ = 0, X TEBMIIIGRE , ]
EHERAHE.

WA 2 ERAMRSWHRERE 600) = 6,(0),
6(0) = 6,(0), 1] e(0) = ¢(0) = 0,2(0) = ¢(0) + Ae(0) =
0. XULITEMIRART %] ¢ = 0, RAEH A SNES, e 1,
Vt=0,2(¢) =0,H0e(2) + xe(2) 30,%] e(1) = e(0)e™ =0,
W (1) = 0, RGBS 54 LER —F, WG

1.0 + (B, + K)O + Kp8 = Kpr. (26)
FRUEB, B RBEEE K &K, TUMRE RS HEE
IR Py o

B2 XMTRE(),RAEHSE9)(14), &

FRMHRSEERBER(Q) ~ 1), MNREEFH

REFHH
1) BHES - UK ERKH, A
tlirglz(l)lsmm de/dy,v e/K};

2) BRERIRE (1) i@?i&iﬁlﬁzﬁl,ﬂ}irgl e(t)| <

min{4de/Ady,v e/A*K};
3) ¢(¢) #HEWSL, Hlim | ¢(¢) | < min{8e/dy,

2/ e/K}.
ik B (16) % X Lyapunov BRE(, R G H

= - Kz - h(@,@,l)sat[w—"l)—z]z +
3

ld+ U= DG - 20) + (B, - BY] <
- Kz - h(ﬁ,@,l)sat[%‘l)—z]z +
R(6,6,1)|z]. 27
Ry |/h(6 7 l)lﬁ M (15),4

—h(@,@,l)sat[h—(dif?l)-—] «z+h(8,0,8)| z| =0.

(28)
XULHY | 2 |/h(6’ g .V <- K2 XER
dy < h(0,0,1), (29)
JE:)
lim | 2(0)] < 3¢, (30)
% |2| < sy A
- h(ﬁ,é,t)sat[w—ﬁ’lk]z + h(0,0,0)]z] =
—W+h(6’,9,t)|z|s
L(Lh0.00:l-¢) ve<e. G
X (28)F(31),H
Vg—Kz2+e=—¥V+e, (32)
A
V() < VO + G- T (33)
w16,/
}iglz(z>lsﬁ, (34)
k)

}i’f}' 2(0)] < mm{gM &}, (35)
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BPM BIEES - LIFS SO RIS EIA XA B
BRERIRE e (1) BHAMIY ¢ (o) WHRITRFR:

hm|e(t)i<mm{)‘d€1 K}, (36)

- . [8e , [e
,132|e(t)|$mm{dM’2\/;}’ (37)

BY e(e) # e (e) A MBE R PIE R XEHN. RE
REE R 5 EH 125, 8%

BLAA 3 s 2 PP 2(0),e(2) M e (o) BOUSR,
KU THR ZRIEHEN TR, BEERT, dy FEI
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5 {FEM 3 (Simulation research)

ZERMTHEREIEEEMEFRRES

Ji6 + BO = u-f(0,u),
f(B,u) = Fup,(8)A(0) + Fyu(u)l1 - 2(8)],
1, 161> Dy,
O =0 1% o
Fs“p(e) = chgn(e),

F;; u2F§>0’
Fstick(u):{uy F§ < u<F§!

Fs, u< F5 <0.

He £(0,u) HEREETIN.J, =0.01,B, =0.1,
Dy=0.1,Fc = 0.15,F} = 0.25,F5 =- 0.2, fi|
MATLAB 54EA{FE T A .
5.1 XNS¥ETEHAIE#E 1 (Robustess to parameter

uncertainty )

BEHSSE K, = 0.6,K, = 0.01,J, = J,,
B, = Blme = 0-25]1,JM = 2.5]1,3,,, = 0.7531,
By = 1.25B,,dy = 0.5, = 0.1,K = 5.0. % F5E
FrElR R L, IR A BERBFEHRRERT, N
RS J, KRk, BXSH B, HEMAK. i
ZIETH 3SR HER:1) J = J,,B = By;
2) J'=0.3],,B =0.85B,;3) J =2.4],,B =1.
2B HY I, B AEIEHNSE MARES (1) =
sin(mt). %‘ﬁ?ﬂ;&hﬂﬂ&fé%ﬁ%#fé% BURHE

0.008

V>0,

0.004 |

/(%)
=

B2 REBHRARREIREMA
Fig. 2 Experimental tracking curve in the presence
of parameters varying

JEBA 1 ms, (FEZ5RAE 2.
5.2 ESEAMHEE(Transient performance of the ser-
vO system)
N R AR SERR G RENE SRR, X
F 2 SUERIPME B B T BAER: 1) 6,(0) =
6(0) = 1,6,(0) = 6(0) = 0; 2) 6,(0) = 0,6(0) = 1,
0,(0) = 6(0) = 0. JFEZRMA 3 iR . HHEHER
SHFAT, ThRXT R 5 2 ORI f % B A — 3, i
HREGSWMN AT ERRIT. B 4 A REZIEH
.

r, 0,.0/(%)

0 0.5 1 1.5 2 25 3
t/s

(@ fHR1

—-r()
= ()
— 0 ‘

0 0.5 1 1.5 2 25 3
t/s

(b)y tHM2
B3 BAWMN e

Fig. 3 Transient curve

—_

e/ ((")-s)
1
S

0 02 04 06 08 1
e/(%)
B 4 R4i=sHEE
Fig. 4 State trajectory of system motion

6 %51 (Conclusion)

Zii%tﬂ — P R Ok, BB E AL AR
MR R G ST E Z AR E I . A< CE ik B LB
W, HREETHAETMEEESTNREGES  AAR
KEIRL FAH .
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