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Parameter identification and verification of J-A dynamic hysteresis model
based on hybrid algorithms of AFSA and PSO
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Abstract: The static parameter identification results of the Jiles-Atherton (J-A) hysteresis model directly affect the predictive effect of
the model on the transformer core hysteresis characteristics. Aiming at the problems of poor optimization ability and long calculation time
existing in current single intelligent algorithm, a hybrid algorithm combining artificial fish school algorithm and linearly decreasing
particle swarm optimization algorithm with optimized inertia weight is proposed. A transformer core magnetic performance test system was
set up to conduct the experiment research on the hysteresis and loss characteristics of the transformer core under sinusoidal excitation.
The identification speed and accuracy of JA model parameters for the proposed hybrid algorithm and other single intelligent algorithms
were compared and analyzed. The results show that the root mean square error of the hybrid algorithm identification result is only
0. 006 9, which is lower than those of other single intelligent algorithms. The results prove that the proposed hybrid algorithm has the
advantages of being not easy to fall into local optimal solutions, faster convergence speed and higher parameter identification accuracy
compared with other single intelligent algorithms. In addition, considering the influence of the dynamic loss component on the hysteresis
characteristics of the transformer core under alternating magnetic field, the existing dynamic loss coefficient solution method was
modified, and a J-A dynamic hysteresis model was established. Comparing the forecast result of the dynamic hysteresis loop model with
experiment data, the correctness and effectiveness of the proposed method are verified.
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Fig.1 Comparison of the hysteresis loop identification results
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Table 2 Technical parameters of the core model

HFR SR
M AN AS B30P105
REA %/ (kgem ™) 7.65%10°
IR O BRI 1 B/ mm 2.0x10°
RV kg 29. 682
TG 2k P I 4 144 [ ( AR ITi08, B2 )
SL®mE/ (kgem™?) 8.90x103
ts 26 Pl L6 F/ mm 1.6
)45 2 e I 45 144 Ifi (F)2)
20CHF LB SR/ (S m™) 5.71x107
T 1225 P 2% 1/ mm 0. 6

BE TR O R 8 1 78 T 4 O B R P 00 3K
RGP 4 JroR o SE P i A A AR el e e S B Bk
o P 08 3 8 R 2 A AT AN ) A0 A AN [ 30 %
P {14 0 6 5030 R s e Bl o 6 3 s D 8 T e Bk
OARFEEE , /S B I REAL IR g 50 Haz I A R i (0]

WE1974

NF4520A

OB

BT

LMGS500

K4 ORGSR 5L

Fig.4 Core hysteresis characteristics test system
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Table 3 Loss value (W/kg)
B,/T 10 Hz 40 Hz 50 Hz
0.8 0. 024 0.179 0.249
0.9 0.031 0.223 0.310
1.0 0.038 0.275 0.378
1.1 0. 045 0.328 0. 456
1.2 0.053 0. 390 0. 545
1.3 0. 062 0.461 0. 646
1.4 0.072 0. 536 0.756
1.5 0. 084 0.619 0. 876
1.6 0.097 0.713 1.006
1.7 0.119 0.838 1.172
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Fig.5 Hysteresis loop cluster at /=50 Hz(0.1~1.7 T)
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Fig.7 Dynamic hysteresis loop identification result (f=50 Hz)
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x8 MFME(f=10 Hz)

Table 8 Loss value(f=10 Hz) (W/kg)
S R TR SRR
10 Hz 0.072 75 0.009 812 0.036 5

2 8 AT A B RS B O R ( B30P 105 JiX
l] FL T49) 75 10 Hz IF B REAABFE T o5 LE B/ DN , cde v
S SR R HORS P75 2 B sh S FE

KH(9) #4510 Hz T e H AT 5000 8, 15
Edllib]vaiHES SUR DR BVSE PN et A e i VN AN g |
2k 10 Hz RE#F IRk 50 Hz R [MIZ0S LLAnTE] 8 .

T3 /(A-m 1)

K8 fASHET M2 f=10 Hz,50 Ha ik [0l 200 L
Fig.8 Comparison between static hysteresis loops and

hysteresis loops at /=10 Hz, 50 Hz

K FR & B30 B S i i [T 2 (AE 10 Haz 6 i 1]
LRI BELAl b B S A AT B A REHT M1 £8) S8k 9
i 7E LREESEW AR L, 256 R T PrRishs
SRR E] 50 Hz 0 MI1ZE, 55000 50 Hz fg i 71 25 ik
XL aniE 9 fros o
F:9 BEMTELSEORE(B,=17T)
Table 9 Static hysteresis loop parameter
identification( B, =1.7 T)

k a Ms a c

20. 37 45.13 1554 724 9.533 9x107° 0. 64

AT FEIEL 7 FE 9 (b) Ay L& B 5 45 B
EARENPE 7 1753528 10 Hz B A A3 AR 4 o i
HHRFE SR B A 3) S S8 W BUFE R E0) /), B
W EAFAEBRE T AT 9 (b) 2 Ke R 5 0 2545 AR A i i [l 2
VRS BEAT 71 22, (EAR U S S B0 S50 b, 38 5 ik
SESBI T Tk, R S SR 45 2 3 25 1 i 1)
2, BB HEE BN 5 B,
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T3 E/(A-m ™)

37w /(A-m ™)

K9 itkn shasmga 2 HHREE R (f=50 Hz B, = 1.7 T)
Fig.9 Improved dynamic hysteresis loop identification

result (f=50 Hz, B,=1.7T)
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