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A Design of Adaptive Controller with Nonlinear Dynamic Friction Compensator
for Precise Position Control of Linear Motor System

FEE  WERE-FHE DT E M
(Jin Woo Lee - Hyun Cheol Cho * Young-Jin Lee - Kwon-Soon Lee)

Abstract - In general mechanical servo systems, friction deteriorates the performance of controllers by its nonlinear
characteristics. Especially, friction phenomenon causes steady-state tracking errors and limit cycles in position and
velocity control systems, even though gains of controllers are tuned well in linear system model. Even if sensor is used
higher accuracy level, it is difficult to improve tracking performance of the position to the same level with a general
control method such as PID type. Therefore, many friction models were proposed and compensation methods have been
researched actively. In this paper, we consider that the variation of mover's mass is various by loading and unloading.
The normal force variation occurs by it and other parameters. Therefore, the proposed control system is composed of
main position controller and a friction compensator. A parameter estimator for a nonlinear friction model is designed by

adaptive control law and adaptive backstepping control method.
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Table 1 Steady state errors for step function reference

Simulation results for { Simulation results for
reference system plant with system plant with
[m] linear friction model nonlinear dynamic
{mm] friction model [mm]

100 6.23 -44.43

50 2.51 -48.51

10 0.35 -50.72

1 0.03 -50.81

0.2 0.01 -50.66
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symbol description value
Fe Coulomb friction force 783 [N]
Fq stiction force 978 [N}
v, Stribeck velocity 0.01 [m/s]




A7, 7 (stiffness) o, AP e Hoy 2 #HUS

2#3ke] 1,000~1,000000 Atele) & AM&sAc 2T
7+ 4] Al 4= (damping coefficient)s o, =2+ yogm ol 7H4A A
Azt et DA A (viscous coefficient) o, =0.0011 - m7} 5
=E 3ci12]

A Iy PID Ao7]e o5& 31-dAA d8d
Matlabell @& dAE & 2dE ARSI

T dd 23y o@EAAVIE Q)9 6 ¥ A
23, BE AFEL nAYPor o MAF BA7|oth
28 58 nAY vpEE B9 EEEE Vehdoh

Plant
Actual
Friction
F
- 1 v 1] x
ms e

Fixed-type Friction |
C "

2 s &
F=o,z+a’,;+a,v

L. P
v

dt

O 5 Ny ojEy 2AD|
Fig. 5 The fixed-type friction compensator

ol7|A, His)e wmtjite] A€ PIDAII7]E Uehdd,
P} ze 149 FeuEdA BE7E %sﬂ At 33
A& et ke g9 A5z HeA4E Yehdo

A Ao £33 Hg BAVlE 19 64 o] uehd
& glon, Ao UAF 2L AYstd 43) 6 F
2 2AFEE 3 B ek

Plant

Actual
Friction

d’x
T
| *
X, + € . u v m x
———s()— H(s) D > B
- +
F
1 u ms e

u, = a, = v
0,5+ 0, 0,5+,

| !

Normal Force Adaptive
Friction Compensator [+

di
F= a',z+a,d—+a,v

L aa"lvlz ke, k>0
dt g(v)

__ o, _;

Z r.g()Z(z 2

a3 6 T3y Mg 2aY|
Fig. 6 The normal force adaptive compensator

NERE FU ARAOE

Trans. KIEE. Vol. 56, No. 5, MAY, 2007

A714, b 239 £AAL vy, v %9 H$
e B3 2 9% A9 29 B

dolo], WP ANad -2 o5 uol o3 HENZ
Boldc} o]E ol&ste] A BEVE HAY + Uk
T uAzle) HA Wz AR B AAE gL [13]
< A2 5 U a2y 7S AP ALY A Bl
99 ehdt,

Zp Uy 0 (3D

ag 7 LMTT Al E&lolE
Fig. 7 The LMTT Simulator

42 Algdold A

29 8& FzAAM g AAE Yehln, I¥ 9
= AA Y e a2 FAAT 22 UEhITh
ada, Ao b2 F FEY FxAd dd 1 54
etz 23 10e] AHE RMS k& yJehlfich 19
112 100[sec]7HAl #29 2% 5 Feho Fzad g
%‘%‘3 st FA A oTe] i 4L yEhiz

ZA3o| A PID Ao7|¢} 1A y_/\y 7=

g3 845 23450 4 goE 2S¢ + Yok
F48 A% 2L G4 2ERRe, SOseclAA &
Fold ozre) WEL WAL 4 Aok UelA F B 4
P8 AAAALE & + A

239 Aedle 14y =
o AT ARAY, Egl“'zlﬂ 2ol ¥ s
2 9AE WAL US
2718 AE A2
& A shadsel o
& stk 283, @9 72

erele) gl oA WAH 1 9AE £Y £ 49

s @+ At +49 4

£ty 4> do
2
i)
4z
At
3
o
01 1o
-{u:
n[o r-{m
2

L = °
S

o

glet vlMg S olEe BAYIE ZE M3 O MA 949



BARFHNZ 56% 5% 2007F 5R

=

do
fllo
e
4
facs

Ark 2¥ 10dME st EAR (D)9

2% A 07
¥ RMS 238 dA3 29 ¢ UUAR, Atst= Nzd
of ARHez WRHE A=A dad o FF B
33 &S B F Utk a9 1ldAE AR Al2gedAe

AeFzd 1linchlol el =2 & BetEd PID Aol7]9]
A HEH3A BIn QA&S ¢ F don, YA o] 2 :
AL BEAI L YA, (DY AE dF9] dFgex 3 02
e B 4 o, A% Alz=do] 7 F& A4S Holn

Ak wekA HA Alzg HEA] o] gRagleE F

A Ae= JigdEe 2¥ 128 Wl FF A Ao ¢ %o Ed @ wm T w W
g3 A2d £ BAE vehdoh 2998 F AFdE

71248 tste] PID Ao71e] B¢ Axgde 29 5
o] Z AR T WY AFAd & AAHENAM #FE g 8 Wy A

& ¥ & 3th Dead zoned FFoz o] ULolE & Fig. 8 The displacement

displacement {m]

(d) The dynamic friction adaptive compensator/controller

2ok

o2 $9eA gt FRUS ¢ 4 Utk AYSHE A

Azdez 245 4 @ 22 A9 2P Y o
Fes gassl HEAE T 2yl AxYel ¥4 ®
£ 4es 202 A8 B 5 U

o
~
friction and its estimator [m)

0 20 40 60 80 100 120
time {sec]

displacement |m|

(@) The fixed-type compensator

\ L L N N
0 20 40 B0 BO 100 120
time [sec}

(@) PID controller

friction and its estimator [m]

disptacement {m]

a 20 40 B0 BO 100 120
time [sec)

(b) The normal force adaptive compensator

g

] 20 40 80 80 100 120
time [sec]

E]

{b) The fixed-type compensator

g

friction and its estimator {m)

§ & ¢ B

displacement [m|

a2 i (i 20 40 50 80 100 120
time [sec)

{c) The dynamic friction adaptive compensator/controller

a 20 40 60 ea 100 120

time [sec) g2l g olsy X Xt
(c) The normal force adaptive compensator Fig. 9 The friction estimate error for the dynamic friction

950
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