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Solution of Parameters for PI Inverse Model Based
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Abstract; Fast steering mirror powered by piezoelectric ceramic has fine dynamic performance, and can
meet the demand for high precision positioning in engineering, but its hysteresis effect restricts the further
performance development. The mathematical model of hysteresis character based on PLAY operator has the
advantages of being simple in structure, convenient for calculation, and high precision of model. However, the
realization depends on parameter estimation precision, and it’s difficult to obtain the physical quantity with a
high precision. An algorithm is proposed to work out the parameters of PI inverse model by using geometric
method. Experimental results show that the algorithm has good dynamic performance and high precision of
modeling, and the algorithm based feed-forward control of PI inverse model can compensate well for the
hysteresis effect of the fast steering mirror powered by piezoelectric ceramic.
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Fig.1 Diagram of hysteresis characteristics
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Fig.2 Basic PLAY operator
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compensation based on inverse model

B3 . V(e) gt B2 AR s D, () A ¢ B ZI TR
PR RIS 5 D, (1) A HS AR AL A% B H AR i
5 V' (¢) AT g e e IR

X TR R P B R B8 T 5, B A R S i A B A
FEIRHARSAME R R L0 D, (1) =H(V(z)) , MEH R
RUR T B A S AR EZ BRI R ™ it h
V() =H '(D,(1)) . BFEit, ¥R T3 K
P BB RN AR M, TT LASR A SE PRt i 2 5
T AN ROZAER R B

D,(1) =H(H'(D.(1))) =kD, (1) (3)

APk MR R LS R 1 HL B R A



E14

FESPENSE:  ETILMHORAR PLIERRISE 49

3 JUARERBERESH

H AT R Z BTN REFFASEFERN T ERE
PIRIRHBHASH " . SR NEBEH R EL
AGRE—EEBNEEE, EREVFE IR S ZI AT
M, 5IARE. Ao, BEEBBERARETRE, X5
FF PLARRY A I oy P B iR i A2 L R R IR Y.
SO — R LT 07 ok HE R SRR S50, T PLAR
RSHAE I SRR BUE B P R I S5 R B B, d
/D ZIREHTSEHRA R

WA 4 fron PUERISL R B R E LB
HRAPLR LR

VA — Ak AL B
I
|
|
l
[

|
-

AT
4 3T PLAY B A Pl
Fig.4 PI model based on PLAY operator
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Table 1 PI model parameters
w( HUE) r( B{E) w(AUEH) r( F{E)
0.451 0 0.249 0.5
-1.050 0.1 —-0.239 0.6
0.481 0.2 0. 402 0.7
0. 407 0.3 0.003 0.8
0.093 0.4 0.198 0.9
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Table 2 PI inverse model parameters
w' (ALH) ' (EfE) w' (BUH) r' (BfH)
2.217 0 -1.031 0.163
-3.887 0.045 0. 965 0.202
—-6.826 0.033 -1.290 0.282
11.952 0. 062 -0. 005 0.361
—-0.840 0. 100 —-0.250 0. 461
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Table 3 Partial simulation data
Vy v, Ve Ve Ve Ve Ve Ve

0 0.002 || 0.5 0.492 || 1.0 0.998 || 0.5 0.493
0.1 0.089 || 0.6 0.594 || 0.9 0.8 || 0.4 0.39
0.2 0.192 || 0.7 0.695 || 0.8 0.795 || 0.3 0.291
0.3 0.294 || 0.8 0.794 || 0.7 0.694 || 0.2 0.19%4
0.4 0.393 || 0.9 0.897 || 0.6 0.595 || 0.1 0.108
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Fig.5 Diagram of simulation
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Fig.6 Schematic diagram of experiment principle
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Fig.7 Experimental result
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Fig. 10 Theoretical and simulated frequency
shift caused by combined motion
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