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Fig. 1. GMM magnetostrictive principle.
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Fig. 2. Characterization of hysteresis curves at different fractional orders: (a) f = 100 Hz; (b) f = 400 Hz.
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Fig. 3. Schematic diagram of the GMA structure.
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Table 2. Modified model parameter identification.
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Fig. 4. Schematic diagram of test procedure.
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Fig. 6. Hysteresis characteristics of the GMM rod under
different excitations: (a) U (04 V); (b) U (0-3 V).
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Table 3. Magnetic induction at various excitations.
U/V f/HZ Bmin/T Bma‘x/T Bp/T Bd/T
5 20 0.066 0.7038 0.3189 0.3849
20 0.0504 0.669 0.3093 0.3597
100 0.056 0.661 0.3025 0.3585
200 0.059 0.66 0.3005 0.3595
300 0.09 0.676 0.293 0.383
400 0.124 0.65 0.263 0.387
500 0.153 0.636 0.2415 0.3945
600 0.182 0.612 0.215 0.397
20 0.0499 0.5686  0.25935  0.30925
200 0.0559 0.5832  0.26365  0.31955
400 0.107 0.536 0.2145 0.3215
600 0.16 0.48 0.16 0.32
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TTITTITITTITT
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Parameter variation
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B 7 0—4 VR ROV 3R B R AL s A EYE (a) f= 100 Hz; (b) f= 200 Hz; (c) f= 300 Hz; (d) f= 400 Hz; (¢) f=

500 Hz; (f) f= 600 Hz

Fig. 7. Dynamic characterization of magnetic inductance with frequency under 0—4 V excitation. (a) f = 100 Hz; (b) f = 200 Hz;

(c) f= 300 Hz; (d) f = 400 Hz; (e) f= 500 Hz; (f) f = 600 Hz.
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Fig. 8. Dynamic characterization of magnetic inductance with frequency under 0-3 V excitation: (a) f = 200 Hz; (b) f = 400 Hz;

(c) f= 600 Hz.

RE J-A BB S RREFE, XA AR T 1
Tk R SRR R]. A GERE R 1 FH— 20 B 1
JIT AT R I 50T B i R 4 T LA B S % BB A
il O e A AR ARG il 2R 25 R G, T I
Je PRSI S5 S Bt A RN R AR A AR 1, S A& I
AT LIS B B AR R A 1R S0

SR I 10 T 401 FE -5 78 A3 450 XoF i 1 4%
FIFZIE, ZHT T 0—3 VBB s il 28 07 450 . Xt
WILBFE B A TIRT, X AL G5 5 53
BB T B4 08 AR E X R AR %) S i) 5 [ s 2
Tl RPFESEARFF AL (5 0—3 V, 20 Hz B
[F]), WegEmiis th 28t .

& 8 o I AR B X 0—3 'V S kA7 i
R IR Ry M 2 500 th R A — B, S5 ot
AR RS IR ST s Fhh 2 0 TS B, B A e 1)
T s S R WA TR T ARG e T A T A
JEE .

SRUR T S IR RN ORI AR R a7 BRI
i), & BRI B A 10 TR B AR i A ) 152 22 S5 Bl
JilA A R . RIRFES A & 2 AN [E
I B AR 3, AR () B vk /N T A L 2B
B, TR0 AR 1T 225 P A, TN 6 i i 400 RE
i ZIN; S22 T AR s il 2% 25 A0, T B4 30 3 46
FEMmA, HLREE WA A T o PR DL 2 5 5L
TIN5 22 R B K

[FIEE B 8 v & 30 > e Ak 1 RE 3R B AR AN A
i i 5 S50t W (L5 01 0 7 Ak LR v o e 1 22
SR, 254 (13) 5% 3 MEEE AT, 1w
B WA NER T RIFE R, M B WA A
S (L T TR A P R R 508 S, YUl i (AN
i R S G R TR A R BB 2 K.

[F] A S £ 728 A N 3 25 B 3 BT P I3 0 R A 4t
FER BRI DL

WIS TR R, PRI o R AR R
e, xRl AR A A R i 8 1) T 7 A AR
M, 5 ZEVERA AT R T A0 70 B A LA e 2
ARG JEE . TR AR FOURE S5 V0l I (EL A i B2 R A O, 3
A TR AR PR O 2R U] DU SR AR PR S TR R
(ERIM RGN AR TR AR AR FE R A SR 17 DL Y
AR AR A, AT 3 i AR AR AR FE BORE JEE . SO i i
DAL T FE R R, AR T RE AR )
RiHE.

4 HEWAR AT A

1L GG RRTAG A LE P FP 5 ik, —Fh X R
VBB TP A, SR )y vk REAS PP 7 RS2 S ] P
ol BT JE BT P A T 22 /by 1261 — o ot R i
LRIEATITA,, X B RES PEAE RIS LT 1 R 5
BRZE. T X R GE AR AR i 2k 22 AT I
B, N3 AP 260 T GMA ZRGek0 H 5200

ARG AL R A RE R AR A 2K

W = fVS, (18)

Hr vy GMM BT, S B-H G & mifi.
y (18) 2 AT LAFS 2 By I ms e s A 22X

W =VSs. (19)
R BEABFE A AU IR 22
e — Wem = Whnea| Wem{‘/v;;/m"al x 100%, (20)

Hor, W FUTEA BRI BEREIRAFE, Wpeo JiER
PR G RETRE.

228501-8


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 73, No. 22 (2024) 228501
0.20

80 —m— Measured (a) 018 L = Measured (b)
% —@— Parameter invarlant Y % ’ —@— Parameter invarlant
2 70 Parameter variation / 2 0.16 Parameter variation
z 60r Z 0.14
g g
= 50 2 0.12
(0] o
% a0t ,;i 0.10
<] = 0.08 1 /
éﬂ o1 éﬂ 0.06
= 20f o A~
E S 0.04 ,./
9] 5] o
& 10} & o002t

0 A 1 1 1 1 1 1 O 1 1 1 1 1 1
0 100 200 300 400 500 600 0 100 200 300 400 500 600

f/Hz

B9 0—4 VIR R T i R G HiAE

f/Hz

(a) HALET [] Y 2R GE4BEFE s (b) HLL S T 1Y 2 St #E

Fig. 9. System losses at various excitation frequencies from 0-4 V: (a) System loss per unit time; (b) system loss per unit cycle.
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Table 4.  Magnetic energy loss error and hysteresis
curve error under different frequency excitation from
0-4 V.
€ Ref
f/Hz -
Eemu 1/% 861!1112//6 Refl RefZ

20 3.35 4.63 8x10° 5.94x10°
100 5.73 5.24 4.01x10*  4.21x10*
200 9.41 9.51 5.55x10%  5.82x10*
300 13.18 13.21 9.3x10 8.79x10*
400 11.17 10.4 1.53x103  9.89x10*
500 10.03 8.79 1.96x103  9.42x101
600 5.62 5.19 2.54x10°  6.17x10*
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Abstract

The hysteresis model of giant magnetostrictive materials (GMMs) changes with model parameters: the
excitation amplitude, bias condition and excitation frequency. The existing hysteresis model is unable to predict
the effects of simultaneous changes in the three external conditions. In this paper, the hysteresis loss mechanism
is explained by using the traditional Jiles-Atherton (J-A) dynamic model, and the relation equation is
established according to the operating conditions and material properties to respond to the changes of external
conditions. For the J-A model, the relationship equation related to the excitation amplitude is established, and
the relationship equation relating the residual loss coefficient to the excitation amplitude and the bias condition
is established for the residual loss, while the eddy current loss of the system is redefined by using the fractional
order to obtain the modified hysteresis model. In the paper, the genetic algorithm is used to identify the model
parameters of the test data under different operating conditions, and the corresponding correction coefficients
are obtained according to the model parameters and the operating conditions. The accuracy of the modified
model is verified by simulating the model and analyzing the influences of eddy currents and residual losses and
their effects on the model predictions. The hysteresis model is evaluated to compare the hysteresis curves with
the hysteresis losses in terms of errors. The results show that the modified model is capable of predicting
various excitations with high accuracy, and that neglecting dynamic losses at low frequencies results in large
errors. If the model order of the eddy current loss is smaller than the actual order of the material, the predicted
hysteresis curve will be contracted inward and the predicted eddy current loss will be small; on the contrary,
the predicted hysteresis curve will be expanded outward and the predicted eddy current loss will be large, and
with the increase of the excitation frequency, both cases will cause the prediction error to become larger and
larger. When the bias magnetic field is zero, the residual loss coefficient is unchanged; when the bias magnetic
field is kept constant, the excitation amplitude increases and the residual loss coefficient decreases; when the
excitation amplitude is unchanged, the bias magnetic field increases and the residual loss coefficient also
increases. When both the bias magnetic field and the excitation amplitude change at the same time, it is
necessary to conduct an actual analysis of their corresponding residual loss coefficients. Using hysteresis curves

to evaluate hysteresis is more accurate.
Keywords: giant magnetostrictive materials, Jiles-Atherton dynamic model, eddy current loss, residual loss
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