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Abstract: The maximum hysteresis nonlinear error of piezoelectric ceramic actuator can exceed 15% of output displacement. , the
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repeated positioning accuracy and relative linearity error of fast tool servo (FTS) system is better than 10nm and 0. 5% respectively,
the errors of the piezoelectric ceramic actuator can not meet the requirement of the precision. Firstly, The hysteresis nonlinear error
of piezoelectric ceramics is experimentally analyzed, and the hysteresis nonlinear error is divided into the hysteresis phenomena of fre-
quency-independent and frequency-dependent Then, the frequency-independent hysteresis models of Bouc-Wen (BW) and Prandtl-Ish-
linskii (PI) are revised and compared, and it is determined that the PI model is used to describe the frequency-independent hysteresis
phenomenon in this paper. The identification accuracy of the PI model for the frequency-independent hysteresis curve is 0.392%.
Then a frequency-dependent hysteresis model based on Hammerstein model is designed. Compared with the PI model, the root-mean-
square value of Hammerstein model’s identification error for the frequency-dependent hysteresis curve is reduced by 88. 068%. Final-
ly, a hysteresis nonlinear error modeling method of the piezoelectric ceramic actuator is proposed, and its validity and accuracy are an-
alyzed, which provides a practical feedforward controller for FTS servo control.

Keywords: piezoelectric ceramic; hysteresis nonlinear; BW model; PI model; Hammerstein model
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9 4. 464 —0.068 9 4. 464 1.582 9 4. 464 1.555 9 4.464 1.590 9 4. 464 1.574
F.. F... F... F.. F...
0.158 0.111 0.111 0.126 0.111
NMAX NMAX NMAX NMAX NMAX
1.269% 0.650% 0.652% 1.384% 0.651%
NRMS NRMS NRMS NRMS NRMS
0.559% 0.392% 0.392% 0.445% 0.392%
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£ 202 - DL B 5 8 31 %
2% 3 GA ¥R Prandtl-Ishlinskii #5¢ %1 2 55 14 45 5
i 0 1 2 3 5 6 7 8 9
ri 0. 000 0.496 0.992 1.488 1.984 2. 480 2.976 3.472 3.968 4,464
wi 3. 808 0.928 0.099 0. 546 0.151 0.399 0. 205 0.421 —0.141 1.548
3.3 SMEMXIBHHLRYNR Fibh

HIIEL 5 T 7 23 A 285 28 . RT A0 S v g 8 A 8 i B R 2
BRI o f Mo P9 R 4T 1 Hz 2 100 Hz. BEEN 5V
RS . 22l i 14 FroR faR i 2. 75 10 Hz BIR
P 3R A TR ) At S 4 R R I SR (R T R R AR B,
P AR RT 10 Ha I, B3 114 52 00 K A R 220

3% 2 i Case2 Brid ity PLAE Y 015 [ 10 11938 HiF
. BBALEROCRINE 11 PR . HAl G 3R 22 ) R R N
4.692 pm, PREMIIYIIMREN 1. 827 pm., MH AT LI H PI
PR P4 i LT R 5 O — R R, IXE A PI
R TR S B TG 5% 1A I8 A TR L EOA B T R A R AT R A SR
e

=}
=
S~
R
o
0 I 2 3 s 5
L /V
[# 10 1~100 Hz JF FF 4= 45 A 38 7 lly 2%
30
25|
20 1
g
T 1
¥
@
104 1
FRERH L [
PTHLA IR 2%
0 1 2 3 4 5

L /V
B 11 1~100 Hz H B399 A9 38 i il £

AR — B BT Hammerstein #1845 32 41 3¢ IR ¥
SR SR A1 A P F B e AR A DGR B 4 . b O PI
BHEAL, HAKX R (D, AP 2 f Case2
s . R Matlab 19 3 98 B R B X ARX A7 b iy
SHCGATHER, ATAR RS 2O 97. 730011 ARX BLAY, H

= 1 2
G(z) = 0.0509 4 0. 2810% 0.3173%

1—0.9801z " —0.34772 %4 0. 14112 * 4 0. 20182
(16)
PR fir B AL A0 (16) fF 7w 19 ARX B 7 3L [ 21 7
Hammerstein £
i Hammerstein BRI G 8] 11 Uros (38 45 i 2k . H 4
BIREMNRAKMEA 0.531 pm, REMPITHRME R 0.218
pm, MIILEF R PIERLE, RENZKERMIKT
88.683%, REM I I ARME AL T 88.068%, UiH] Ham-
merstein 15 7 75 1 A 55 28 A 5 1) 3R AR T A B A A AR .
Hammerstein #5815 # 348 Fe A P % 000 23 A0 OC 38 i 9 4 42 {1t
T fE ST R
4 HFRIE
AR T AME B IR AR R MR 22, LT
AR PR 25 W R P B 43 A T T 56 I 4 RN BB 38 AH G
MG . TR 3R T Bk 43 6 A of BW R R, g
PR BW BERL, EIE PT AR HBEAT BRI, X5 I B B U B 43
Bk 1.848% . 0.977% . 0.392%, A& VE#E PTHHEI/E K
J HE P B O TG S IR AL AL . 3T T % F Hammerstein
TR f 571 28 A DGR Vi ASE TR L AH bE PTASE TR Xof 51 5 AH 5GR i ith
LA, HIRZEM R KMEREINT 88.683%, IREMB I
A FFAR T 88.068% . A ST T JE A P 3 0K 3 7% 38
LRPEDREM BB Tk, JE o T A S M, 4
FTS fa] 4 il $5 L T — b 552 F A% i 0 422 1 43
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