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This paper presents a magnetic circuit model applicable for high-efficiency cores such as cores made from
nanocrystalline soft magnetic material and ferrite. The conventional magnetic circuit model that considers the iron
loss components needs data obtained from measuring DC hysteresis loops; however, this measurement is not easy in
the case of high-efficiency cores. To tackle this issue, we propose a magnetic circuit model without the need for DC
hysteresis loop data. With this method, a DC hysteresis loop is modeled by subtracting eddy current loss and
anomalous eddy current loss from a hysteresis loop at an arbitrary frequency. The proposed method was
experimentally verified, and the results show that the calculated and measured iron loss values match.
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Fig. 1 Schematics of hysteresis loop and corresponding iron
loss characteristic considering loss components.
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Fig. 2 Schematic of conventional magnetic circuit model
considering iron loss components.
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Fig. 3 Waveforms of magnetic flux density.
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Fig. 4 Schematic of hysteresis loop considering loss
components.
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Fig. 5 Schematic of proposed magnetic circuit model without
need for DC hysteresis loop data.
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Table 1 Specifications of magnetic core under test.

Fig. 6 Outline of cut-core used as specimen.

Material d (um) Bio (T) M (kg) [ (m) S (m?) q (kg/m®)
3% grain-oriented silicon steel 230 2.16 0.691 0.244 0.000399  7.098 X 103
Nanocrystalline soft magnetic material 18 1.22 0.574 0.244 0.000327  7.194X 103
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Fig. 7 Configuration of iron loss evaluation system.
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Fig. 8 Wi/f-f curves of 3% grain-oriented silicon steel.
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Fig. 9 Measured and calculated hysteresis loop of 3% grain-
oriented silicon steel.
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Fig. 10 Wif~f curves of nanocrystalline soft magnetic
material.

60 Measured
D0 Mo Calculated
20

0 = ‘ ’ i

-20

-40

-60

0.6

N =
02 |

0 ’ ’ , .
02 |

04 |

-0.6

v (V)

i (A)

0 0.2 0.4 0.6 0.8 1
Time (ms)
(a) Voltage and current

0.8
0.6
0.4
0.2

B(T)
=1

-0.2
-0.4
-0.6
-0.8

Measured
wevieeee Caleulated

-100 -50 0 50 100
H (A/m)

(b) Hysteresis loop

Fig. 11 Measured and calculated waveforms in case of
nanocrystalline soft magnetic material (=1 kHz, Bn=0.8 T).

T, EIE - B, BLOERF U R L—TFOFHEEE
TXEREIE & BAFIC B L TWa.

AR D EGE I OWTIXLL T 0@ Y TH D, 1L U DI,
Fig. 11 ®ZMFCTH D f=1kHz, Bn=0.8 T (ZFT D Wif Dt
BifE, FEAMEE, R 1.02 ml/ke, 1.09 mikg TH5D.
WIZ, Fig. 12 DE&MFTH S f=2kHz, Ba=02T IZE 5 Wif
OFFEAE, FERMEILZE N2 0.96 mi/kg, 0.87 ml/kg T 5.
Z LT, Fig 13D%&MTHD f=5kHz, Bu=08TIZHT D
Wilf OF R, ERMEIZZENZEN 2.12 ml/kg, 2.15ml/kg T
HD. WTROEMFICBNTY, Wi OFREMIZFEHE &
Bliflc—%& L=,

50 Transaction of the Magnetics Society of Japan (Special Issues) Vol.4, No.1, 2020



Measured
e Caleulated

g 0 + + + +
<

Measured
/\----,..“Ca]culawd
i t t !
t

0 0.1 02 0.3 04 0.5
Time (ms)
(a) Voltage and current

B(T)

-0.1 T

-0.2 T Measured

e Caleulated

0.3
20 -10 0 10 20
H (A/m)
(b) Hysteresis loop

400

Measured
o oo Calculated
z 0 f I
S
-200
-400
0.8
Measured
04

/\ weeeee Calculated
0 | : .
» / \

i (A)

0.8
0 0.05 0.1 0.15 0.2
Time (ms)
(a) Voltage and current
1
0.8
0.6
0.4
02
S 0
S 02
0.4
-0.6 Measured
-0.8 wveneens Caleulated
-1
-100 -50 0 50 100
H (A/m)
(b) Hysteresis loop

Fig. 12 Measured and calculated waveforms in case of Fig. 13 Measured and calculated waveforms in case of

nanocrystalline soft magnetic material (=2 kHz, Bm=0.2 T).
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