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Abstract: For the hysteresis of a piezoelectric Fast Steering Mirror (FSM), the working principle and
hysteresis properties of the piezoelectric FSM were analyzed. The Bouc-Wen hysteresis operator based
mathematical model of the piezoelectric FSM and the corresponding parameter identification method
were proposed. The hysteresis component of excursion angle of the piezoelectric FSM was estimated
by the Bouc-Wen hysteresis operator, and parameters of Bouc-Wen hysteresis operator were identified
according to the excursion angles of the piezoelectric FSM at two driven voltage waves with the same
phase position. On this basis, a feedback forward linearization method for the piezoelectric FSM was
proposed. In order to validate the proposed mathematical model and linearization method, the rapid
prototyping system for the piezoelectric FSM and a linearization controller and an experimental set for

the parameter identification of the Bouc-Wen hysteresis operator were established. The experimental
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results show that the proposed identification method estimates the parameters of the Bouc-Wen

hysteresis operator of the piezoelectric FSM accurately and the feedback forward linearization method

increases the linearity of mirror deflection angle and input control voltage of the piezoelectric FSM by

2.3% and decreases the delaying error by =£ 0. 5% respectively.

precision control of the piezoelectric FSM.

Key words: Fast Steering Mirror (FSM) ; Piezoelectric Ceramic Stack Actuator (PCSA) ;

hysteresis; linearization
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Fig. 1 Configuration of piezoelectric FSM

Z &) A s FSM i 1 55 111 O 7 £ 2 25 /)N
(<Z5°) WL 9 28 T 6 A 3 B Tl R AL A 1) g 78

TP B 3 A A RT 5 T 2 e 2 1 1 K
JE R R MR AT L 22 D H 2 FSM B 4 1 i %
A5 PCSA iy A7 %% 1% L (B R % 5. an 5ok
PCSA WLAEFRAR Y 2 M B AT 25, BVA i1 17 B
it AR 2h R Fe i 5 G 48 T8 56, ) L =X
FSM 11 it 455 180 Ot 57 £ B2 5 % A3 2l v R B 2
KFR ., B AGK Sl AR Ak, By s A =X
FSM (1) 455 18 i 2% £f1 B 647 MR 722 361
3 JE% X FSM &R i ¥ A2
3.1 EHERX FSMIBRHFMR L 2ER

i F PCSA A B 4778 38 i 5 v, BRI 7E A1 5] 4
NSRBI HL R T o b RS R Gk R X A PCSA
M%ﬁu@z@ﬁfﬁﬁﬁﬁvﬂ%fmﬁu

1) T PCSA 14 i B, 7 A8 A0 AE 2248 Y
LML B AT 2. Rl PCSA # A i & L 5
FSM 1) i 115 B3 180 D 7% £A B 5 i A B 31 L e 22 ]
B R AR L BT LUK R 20 FSM W i
B8 TH i e A1 BE 3R OR R AR A B RLR R AT B Y S
s FAERE A I 2 R .

L
e

j ~1 £

B2 R FSM % af o i
Fig. 2 Equivalent model of piezoelectric FSM

JE L =0 FSM 1Y fay B2 T D 4% B A] R
ZT_\‘%:ISH]:
(D =k, u()+h(D, @D)
A x(o R EH R FSM 8 5% /5 5 uCo N i
NSRS L 5 by SZAE S B0 LL A R B h (0 AR
i 4y, Al Bouc-Wen B, 7] LT UL R
h(D=AuC) =Bl a() | h(D) —yuCo) | R(D |,
(2)
P A BAI ¥ 2 Boue-Wen iRWFE F RIS HL,
D FN2) Fr A 59 Bk 3 T Boue-Wen B
TR FSM e #5812 450 284 B AT 15
D F =X FSM Y S 45 T O 5 £ R A BIK Bl
CENERNPIAST i ES
3.2 BEPHRAFZE
T A R H I FSM B Bouc-Wen £ 2 A5
R WA ZBUGTASE R o 1) 2% T S R AT BRI, gy
Br 3 AR OC T o ds X FSM A fan i B3 1 i 5%
i 8 54 X 5 6 010 5 2R T LR A o
ko ATy
R FSM fig A 2 A~ A AL AH [A] 15 3K 2
HIEFES w (O w8 .
w () =w (1) +w (3
Gk IRV S BE I [ A
ARAER (1) ~ (3), F T L 2 FSM i1 i
B8 T8 O % £ B2 AT LA SR A5- 3k,
x(ta) | iy > —uy > —x(ta) | wCiy > =u C1y >

v 9

uy,

4
X 2 | wCiy > =u Cty > A2 Cen) | wCiy > =u, Cty >
3Rt B2 AR B HL R w Coad) B wp Cea) B
F1% it B 1 e P A R T 2K
% SR 2L v AR B 1E OO L U R (o =
0. FRE =X CH N2 A

2o -
A—T(t) k. (5)

R 28 (5) , BIVAT H 3R i i 2 v o5 4 B X 07 )
B A B 2l H, AN H, 28 FSM 9 S B 65 18 A 55 £
EAREZE A,

h(1) | IREEAr

fliil-ae W
(1) + oo 11 HeHi s [x(0)
X FSM

B3 HeL s FSM i 5t 46 1 fb 4 il Jie 2 ]
Fig. 3

Principle of feedforward linearization for

piezoelectric FSM
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piezoelectric FSM with linearization controller and

experimental set for parameter identification of

Bouc-Wen hysteresis operator
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