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Fig. 1. (color online) The principle of calculating ini-
tial magnetization curve under a constant magnetic

field based on Time-Space Transformation.
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(color online) The specified steps of calculating initial magnetization curve using an elongated

cylindrical specimen under a constant magnetic field.
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Fig. 3. (color online) Gauss’ law for magnetism at

the unit length dL of the specimen under a constant

magnetic field.
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Fig. 4. (color online) A two-dimensional axisymmetric finite element model of magnetizing a steel

wire by a DC coil.
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Table 1. Modeling parameters for the two-dimensional axisymmetric finite element model.

SHAH RBEE/mm KT/ mm GEES(F) ERER /A WLKE/mm WLEE/mm 2 U8/mm

KN 236 5 1300

5 2000 2.5 0.5

I b R FH LI 2 B 1 R e AL 2, DA KA
B A% &5 mm FelR BB 22 A i R, Bk
Pl 5l AN 22 [F) b A B, R Ansys $2 740 B 4 By
7N 1) 2D B RR A BR TR A, AR 22 S 4 w4k it
25N L Sz gl £ 191,

SRR LR RETERUGE, PER
Kl 4 SRR TR BUE B A2, JREUIL - HZ i BE ke
SN 22 IR TG 28 i Z R BN 2 RIETIR BN
L, =0.02mm, 8T L =2 mm4ib, IEF L = 882
mm &b, HEFZH, FOWEINENLZ L = 2 mm
B L = 882 mum Ja [ A I U 37 A2 59 A2 3.1 75
TR IR PR AN 25 20 o AR e ok . B %6, r
WF L =2 mmF| L = 882 mm i [ NN F %
AR R ) B B N SR B B TR R A% AR L A il BR
BEAY BT DAAR A 2 T2 [ S B B BE G T PR
BB S5 A, BB AR, LR, 4
AT L =2mm% L =882 mm jt[H NN T
I SR SL R FE BE, X224 BE B A i 5 BT,

PP 5 AT, 2 LA — 52 N, B 22 P 0 R s L
SRS BF FEAASE; HI7E L =2 mm F| L = 882 mm

700

600 (=) E

500

s 10 Kb FRFIK
300
200
100 A F R

H/(A/m)

0 . . A n
0 2000 4000 6000 8000 10000

TR P, B 22 P R R e B BE A R AR T 4] O3
A, ARV SR 2 R 2 BT DARBOZ HUE #8412 1
R RAHE AN 22 R L R Al 26 7E 1% 48 b
6 [A) R MU AN 880 AN s, HUEEAN i B HZ AN B, 15
NI INRES [Hoin, Himax) 5 [0, Hya) 10 B AZ 4G4
SIHETEES W 6 () AT (b) B,

B{/T

K5 (MFIEE) L=2mm3| L =882 mm i 4
L2 NIBHER ISR BE 23 Aii 1]

Fig. 5. (color online) The distribution of the mag-
netic flux density Bf in the section from L = 2 mm to

L = 882 mm of the steel wire.
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Fig. 6. (color online) (a) The initial differential permeability i, (H)(m,,;, < Hs < Hmax);; (P) the initial dif-

ferential permeability i (H)(0< i, < Hy)-
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Fig. 7. (color online) The initial magnetization curve calculated from the tested bar and its relative error.
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Fig. 8. (color online) The finite element model of magnetizing a toroidal steel wire by a DC coil and

the paths for extracting the simulation results.
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Table 2. Modeling parameters for the finite element model of magnetizing a toroidal steel wire by a DC coil.
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Fig. 9. (color online) (a) The distribution diagram of B} with the angle 6; (b) the distribution diagram of

HZ with the angle 6.
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Fig. 10. (color online) The initial magnetization curve calculated from the tested ring and its relative error.
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Fig. 11. (color online) The relative errors of the initial

magnetization curves calculated from different specimen.
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Fig. 12. (color online) The initial magnetization curves calculated under different spatial sampling intervals
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Fig. 14. (color online) The initial magnetization curves calculated based on extrapolation and its relative error.
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Abstract

It is of great significance to research on methods for obtaining the initial magnetization curve, the important
magnetic property of ferromagnetic materials. In the existing methods, a time-varying magnetic field is adopted as
the excitation field. To obtain the initial magnetization curve, magnetic field and induced magnetic flux density in the
specimen have to be measured step-by-step as the excitation field changes, and this is inefficient. Thus, a calculation
method for initial magnetization curve based on time-space transformation is proposed in this paper. In this method,
an elongated rod or a circular ring is used as the specimen. A spatially varying magnetic field generated by constant
magnetization is utilized as the excitation field. The strength of the excitation field changes with the spatial positions
of the specimen. Under the action of the excitation field, the magnetic field strength within the specimen is calculated
by means of the responding magnetic field strength on the surface of the specimen according to the continuity of the
tangential magnetic field strength. While, based on the Gauss’ law for magnetism, the law of approach to saturation and
the basic equation of magnetization curve in Rayleigh region, the induced magnetic flux density within the specimen can
be calculated from the responding magnetic flux density on the surface of the specimen. After obtaining the magnetic
field strength and magnetic flux density in the specimen, the initial magnetization curve can be obtained. To verify
theoretically the correctness of the method, simulations are carried out with an elongated rod and a circular ring. In
experiments, a spatially varying magnetic field generated by DC coils is applied on the specimen as the excitation field.
The initial magnetization curve calculated from the magnetic field strength and magnetic flux density on the surface of
the specimen is similar to the known initial magnetization curve. Experimental results also show that when adopting
an elongated rod rather than a circular ring as the specimen, this calculation method for initial magnetization curve is
simpler and the error in the results is smaller, which are different from those obtained by existing measurement methods
for initial magnetization curve. In addition, in order to study the influence of the limiting factors in practical applications
of the calculated results, further research is conducted based on the simulation data. Results show that when choosing a
proper elongated rod as the specimen, the initial magnetization curve can be calculated from the magnetic field strength
and magnetic flux density on the surface of the specimen under the constant magnetization, also the induced magnetic
field flux in the specimen does not have to be measured by the encircling detecting coil which makes this method easy
to operate. Namely, this method is feasible in practice. This paper may be a theoretical guidance for exploring new

measurement methods for initial magnetization curve.
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