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Modeling and parameter identification of asymmetric
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Abstract; Many asymmetric hysteresis models based on traditional Bouc-Wen for the piezoelectric actuator have some redundant
parameters, which reduce the accuracy of parameter identification. The most frequently used particle swarm algorithm converges slowly
and is easy to fall into local optimum in terms of parameter identification of the piezoelectric actuator. Thus, a normalized asymmetric
hysteresis model is proposed by introducing two polynomials to describe the asymmetric hysteresis behavior and using the normalized
Bouc-Wen model to eliminate the redundancy of the parameters. Tthe self-adaptive differential evolution algorithm is developed for
parameter identification, in which both associated control parameters and trial vector generation strategies can be self-adapted with the
increase of generations. An experimental system about the piezoelectric actuator is set up. The results show that the proposed model is
better to represent the actual characteristic of the piezoelectric actuator and successfully eliminate the redundancy of the parameters,
which decreases the difficulty of parameter identification. Compared with traditional differential evolution algorithm and particle swarm
algorithm, the self-adaptive differential evolution algorithm can find the optimal solution more quickly and more accurately.
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Simulation of the normalized asymmetric

hysteresis model
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Table 1 The range of parameters
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Fig.4 Experimental system for piezoelectric actuator

S FR G M T B AR S A (B VSI2, R
SF:7 mm x7 mm x 12 mm, 3K &0 ~ 120 'V, i 1 7
F:0 ~20 wm) 5T H | H P 3K Sl L (200. 6) fF
SRERGAIEIER RGEHR. 7o RERGEH
LVDT {8 AL I Fl A/D e 28 Ji, ) oK 132 38 ) ok
e, A/D Fel s s it LR S

AR S dy b L AL A T s v B SR S s A
120 V IE5%HL I, 8 5 0 B8 1 Rt i 10 0 78 i, 14 203t
B

XF FARRAF S BRI, B 3 By 2 3 R AT 40
Bro FIEFN Ny 135 218 4 ) IXCHR, $EHL 20 ~ 100 V 2
) 9 2 i 2 A R A5 X (14) A oo, AL, 0

{ = -0.3309 +0.1819u +4.172 x 1074 —2.266 x 104’
f, = 0.1065 +0.0277u —3.207 x 10™u” +8.429 x 107’
(20)

K5 R AR SER S i A i 2, b e B
AT A XA AL X, A I8 B 46 1] DX, BT AT DUE Y
P2 5 5 bR M 2 A & 45, RMSE 4351 0. 044 6 Al
0.054 0, PRI M2 AT , hdsera] DXLk 1 AR

RS BG4 19 e i B IS RN 25 4y i A BT
(self-adaptive differential evolution, SADE) 5% i, 1% H ¥
H.5 DE M1 PSO A7 He A, ANkl 6 P, AR 3 Fhk
HRRETE —EAEON TR B B U E, (2 7] LAAR B 7 s 5
2k SADE 1E55 10 A T ih g8 Wi, iy HoAth P59
HRAEES 30 AU A THIG T 22, #f E T DE #1 PSO
B3 1%  SADE Bk BUEAT QLB | 5038 A AR SCHR H 1
— AR FRIB AL 1 S HHHA



55 4 19 JEFERN 45 : Hs A AE S A X ARIR AT 1 £ 7 S BN 907
201 ' ' 0.1351
1 — SRz 1
1 * PGk 1
: 0.130H
15F
1 1
- 1 1
E i i 0125
R 1 1 o
1 1 Iz
& 1 1 0.120 1
1 1
St 1 1
1 0.115F
1
1 1
% 2040 60 80 100 120 0.110 : ; -
0 100 200 300
IRV LA
o I . (a) p WSkt 2k
E5 RS AL (a) Convergence curve of the parameter p
Fig.5 Fitting curve of the non-hysteresis parameters
40¢
0.126 65
—— SADE
h . 30H
o e PSO
0.126 60 £ =
: 0.126 50 2 ol
=
e ' 0.126 48
= 012655
% I 10K
i 0.126 46 H
012650 - LT . , , , , , ,
/i e’ 0 50 100 150 200 250 300
i 1 HEAAREL
‘\ O (b) o WSl £k
0.126 450‘ ~=-3 100 150 200 250 300 (b) Convergence curve of the parameter o
AL
) 4.5r
K6  =ME ISR
Fig.6  Comparison of the convergence performance 40t
for three algorithms
3.5H
g
7 7R ok i SADE 583 1 & S B0l Siuth L 11 & wol
K2 PR3 MEET L5 B-W BIBIZHUE, 43 Fis
HH—AE B-W B R IR A S BUE, NP R AT DL Y, 25
—Ak B-W A SELALE 3 RO T #R AR AR B B AL (E,
HZEEER—FE AL 5 B-W AL T8N 2 HR RE 4R 2% 50100 150 200 250 300

BRI S B AFTESBOIUR ,, KBRS A Rl R E
o TR, A —1E B-W BRI SR T RGN R A, 15 3 A
57, SADE Bk fefi o DRI, 76 s R B 68 01 Tl A 2
S EHER T, ZEOTRETER AR D, T RE 3145
RS R 2R I .

HEAAEL
(c) n WL Slh &
(c) The convergence curve of the parameter n
Bl7 H—1k B-W BRI SRS 2k
Fig.7 Convergence curves of each parameter for

normalized B-W model

K2 5% B-WREASHE

Table 2 Parameters for traditional B-W model

(NP3 k, ky A B y n RMSE A [a]/s
PSO 0.159 1 ~1.000 0 0.040 3 0.999 8 -0.8423 3.000 0 0.407 8 20.458 9
DE 0.158 3 -0.567 4 0.245 1 0.018 4 0.179 0 1.866 8 0.403 4 19.332 4

SADE 0.159 8 0.746 8 -0.2122 0.006 1 -0.270 4 1.300 7 0.387 6 15.1325
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Table 3 Parameters for normalized B-W model

Ak p T n RMSE  Hf[i]/s
PSO 0.1253 23.7532 3.5393 0.1265 7.3476

DE 0.1253 23.7532 3.5393 0.1265 7.1448
SADE  0.1253 23.7532 3.5393 0.1265 5.600 4
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