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Abstract -

nonlinear friction torque between shafts of the EOTS may cause “flat-top” or “

When Electro-Optical Tracking System ( EOTS) is working in a low-speed tracking state, the
creeping” phenomenon, and
also decrease the angular resolution and repeatability precision, which has a great influence on tracking
precision. A friction modeling and compensation method based on Genetic Algorithm ( GA) is proposed lo
solve the problem. Firstly, GA is adopted to model a Stribeck nonlinear friction of the EOTS to obtain a
higher degree of model fitting and reduce the fitting error of the friction model. Then, a feedforward
compensation is made to the identified friction, and thus to reduce the effect of the nonlinear friction torque
on the EOTS. Results in simulation and physical experiments show that the proposed scheme is effective in
friction compensation, which can improve the control performance of the EOTS.

nonlinear
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tracking system

RUEmRERF & B EEGTE L AL B IE
FHEE G LI A . JCHBRERFL SR T FHHIER
Y&, 2 I 2 5 RPN R Z ) 12 SR JtH
FRRkAR (AR A CCD AHL) 223 T NAEIR IRl & , 51
TR AR , P i Rl AR A, (AR Z 1A
BEAHE#%30,

ARG LA IE 2 P,

| EEE |
| ﬁﬁ#ﬁ%ﬁl Hﬁﬂltﬁﬁ |
[EFCRMFE AT |
SEBEFF BT |
[(B]

—

v v
[l | [#E41] | ﬁfﬂiﬁam

T Lhbe
e [ERAEEA]
ol

AL B BRI

F2 RGETIEdE
Fig.2 System working process

ARGETAER, B SCXARPLA R ATV R 1L, ¥ 1
LS HE S E =8 B AN JE , Jtr AL
BEEERYE H AR RS AT WOBTEABNL L #E1T B, th
BB ET R HRBIE S, 5| SIRIMAE X HAR LI
FRERER , [RIRPR R SCh) B e F MR | L.

1.2 REER

I IR R R R R K EF] 25 B AL (PMSM) 1R

JIFEIR A E , PMSM 7E d-g 4R R RO EL Y

Ay
tdp P

. (1)

di, .
. E + deel'd + (deq'lf

Koy, K dog ABFRRSE T 1,0, 0 dog AR
RHEFHNW;R, NETFTHM ¢, W TR L, L,
H d-q BFR R PR E F R (RGP OR MK
F2PHEL L, WR L, =L, =L) 50, K d-g 55
AP AEE, H L 0, =n,0,n, 2 PMSM BT
£, 5y PMSM )55 3
PMSM 1235 52 A
in—‘;’zre-sw-n 2)

AP T, W RERAE T, N B s B Wi R R
T MR R
PMSM M@ FE I A
T,=n[¢,i,+(L,-L)ii,] (3)
43 PMSM £ d-q AA5 R T RIECARE

v, =Ri,+L

u,=Ri +L

de J J 7

di Ri ny. @ u )
g _ _s7a - o prf 'S

dt L MO T

di, Ri, . )

L +n,i@+ 7

S S BRI Iy e, 5 PMSM o i) = A o4 9
AT M8, A5 BUAT T2 T A9 TR P RS S ol L, SR K
LT B LAY 5 w4 i oo AT 5, A 3k
BRI ARHE™
K ERA iy i, SEFRGA i, 1, HEE 2R
%, 2R R ER S C,(s) W53 d-g IR R T R
® U, U, 35A
U, =6,(s)(I; -1,)
{Uq =G.(s) (I} -1,)
AR (4) FIk(5) AT AR

(5)



RgEFRE: ETREBEEMURERAGEEER SR 75

EoM
( G, L
G.(s) +R, +sL, G.(s) +R +sL;, *
G, L
<I x(s) * we d I (6)

*TG(s) +R +sL, * G,(s) +R +sL, ¢~
“’e'fff
G.(s) +R +sL,
HE(6) THL IR 6, (s) RY3E 12 17 2 R 88 X, W i

oL, _
mfmﬁo 76 PMSM =, 68 i 57 o 7 B B

A EL R BE RS P TR/ Z  FE R R YR A, A
HEEBEARNE, 3 6.(s) F3lE EB R, HIRFF 4 3
R RS i =0, 1] i) ~i,~0,i ~i , AT LB
PMSM Zi P4 DLt R 4

2 EEERYA

Stribeck FEEY BB A T HOLHE I I S ¥ R4
WSS TAER TR BT ZAA,
F,=[F +(F.—-F)e V" Jsgn 6+B6 (7)
K F, hRGEIZBNEREZIIEF, hREX
SRR ) 48 5 6% FA BB BB 5 0,2 Stribeck
RIRRIE AR B N R G ROR R R ™ .

PMSM BB F R Jo=T, - F,, i1 THHL
EEPBETRAMEERIT, FUBREF, =T, H
PMSM B #EHE TR AR T, = n 9, i,, B3 b, @i
B g B, BV Al 18 B B G . 7EAE R B &
AT 0 G R 3 A S T B (SO e A )
EERSHBIR 1 iR,

*1 FAEGHTHERMEBEEXRITEL
Table 1 Current and torque under different loads

%/ % /A /(N - m) FEA L L
3 0. 167 0.123 0.737
5 0.292 0.183 0. 629
10 0.565 0.322 0.570
15 0.848 0.455 0.536
e 1 TN, H AP A o O L5 R A B S
A BRI

TRAR L R REE A Bl MBS 5 2, T D Sy BE 4 )
S TR IO B EEL BRASED . X T PMSM, 44 & — 4 R R BE g
AFEFI6,} 1, , AT LSRN R 9 —H e TR 14, 7, , B
HEEEERE AR R ™ . i F Stribeck AETH7E (R B
A0 S IR, BT L LE MG B B 2 5 5 4 1O Jal PR AR
T o 7 2 B 48 < 45 2 B0 1] P e K, BB 4 Bk N,
FIN, Xt FPMSM i BESE &5 91 16, 7., , 7 LAHE

HEFR R R B RS | T, ), i TR A&
AT RSN 2 AR, BV 4 1) 5% R
B REFE AR FIAR %, X T Stribeck A7, 5 R AR
2400 x =[PP, 6,81,
B E R
e(6,,x) =F(8,) —-F(8,) (8)
KRepF(6,)H
F(8,)=(F. +(F.-F.)e %% Ysgn 6. +BG, (9)
T H R K
1=5 3 ¢ (6.) (10)
EEHHNER Bk a1 x , 1 B AR IR B L /e
PETRGE I FF B
L, =max{l(x,)}
[ﬂ%)=h—K%)
R ,i=1,2,,N,N RBEEIF/N
BN LR B AR BRI 3 R
EIlaya
BEHMARECT S
@EEX:‘&%R%&T, ﬁﬁliﬁi%ﬁl—‘?ﬁ)

BRZH, WREPIEEEP0)

v

AETEY
WERETE—ESHNENEE
!

(11)

GRER
BRI TR
!

TREH
BEXETERATRE

R
FRIEH
BRRETHEATIE. BEPO)SITIERE.
X ZREHFERET —REEPE+1)

¥
< >l

Y
]
EHEEHPAENEAR
BN AMEAE A R AR

B3  Stribeck EEIEHRMBHA B L TIER

Fig.3 Flow chart of Stribeck friction model identification
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Table 2 Parameters of Stribeck model based on GA
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