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Pulse magnetic properties measurement of Fe-based nanocrystalline
cores and its application in magnetic switches

Jiang Jinbo'?,  Cheng Tinggiang?,  Huang Guoliang’,  Wang Jiadong?,  Cai Wanchen?,  Yao Yandong®
(1. Hubei Provincial Engineering Research Center for Power Transmission Line (China Three Gorges University), Yichang 443002, China;
2. College of Engineering and New Energy, China Three Gorges University, Yichang 443002, China;

3. State Grid Jiaxing Power Supply Company, Jiaxing 314033, China)

Abstract: The magnetic switch is one of the switching devices with excellent performance that can be selected
for the repetitive frequency pulse power system. At present, the simulation model of the magnetic switch is a pure
circuit model established based on the macroscopic characteristics of the volt-second integral, without considering the
change of the magnetic core characteristics during the core saturation process, it is difficult to accurately predict the
pre-pulse on the magnetic switch load, and the front error of the waveform is also larger. In this paper, the hysteresis
loop and initial magnetization curve of the Fe-based nanocrystalline magnetic core under fast pulse excitation are
tested and obtained. Using the key parameters of the magnetic core hysteresis loop, the J-A parameter of the magnetic
core under pulse excitation is extracted, which is used to define Magnetic core properties for a magnetic switch model
in multi-physics field. For the magnetic switch pulse compression circuit, the field-circuit coupling simulation model
was established by using the multi-physics simulation software COMSOL, and the output waveform was simulated.
Compared with the experimental results, the pre-pulse amplitude error is 2%, the peak error is 2%, and the front error
is 5%, which proves the validity and accuracy of the established field-circuit coupling simulation model.

Key words:  pulsed power technology, Fe-based nanocrystalline, pulse magnetization curve, magnetic pulse

compression, field-circuit coupling method

* WEE EHHR:2022-09-27; 81T BHA:2023-01-09
EEWH: FEARFEEIH (51707105); FE5H A L4 % I HCEE T H (SKLIPR2008)
BRI TR, jinbojiang@163.com,

055004-1


http://dx.doi.org/10.11884/HPLPB202335.220304
mailto:jinbojiang@163.com

weOoW s 5 Ol TR

T K b PR HOR e T 1951 AR B, IR N T RIKRGE . I, T 8 SRE I 0 KRR TR, 1% bk i T 4
x (MPC) H Y BETT 5 (MS) RCRAK o Bl e M RERE PR ARG 1 B, g TR0 R S 3 A0 syl S P ) T A DA S B,
I AR WA R IR P TF RN, BEIT ST LS A K AETT SR A B 8 I QI S A, 0T O 5 2 SR JT G i
FI/NITRIFES .t TR E AR | R AR AR A5 A, ZEHOC AR IR 15 QAR RO bR R vk
S UEAT H AT TR (9 18 AT

FI i T PSpice 1914 3¢ A, 7 FLASTRY AR T 2 — MY T R2 S BT 5K, AFDRS BEAS &1, 100 SCHik (8] 0 SCik [9] R H
PSpice 37 K i 5 47 I 24 45 3] 14 i Hh 00T 55 SE IR A5 AR LU, K i i (9 DR 25 B, T L7 B B AT UK
o A3 BT AT R SRS AR R R T T O AR AR AR A0 ) % LR S R OR 1Y, 2 T S A R R P RO R R A
By BLA5 RS LR A R — B e I, A SCHR T 5L T AR 5 5 1 O RE T S BE A, mT LIRS fy 5000 1 T
KA MY o 3 RS A Y S SR ST DK i 2R T ORI CRRARL, Jh r D 3R 2R G rh g O SR TR R Y A R R
AR, T DR T TR ek P 4 P A T SRR AT BRI BRE o L PR RS B R AR R S S R R A R X
0], 0 SR R 2 ot e SR A 3 S ) Ik b R Dl A e A, B IR R AR 22 S K, Dy IR 208 B S T Tk R
BEAT I, R L ok b AR R

A ST S % AT B Bk AR TR g K oh R, B AR T RE DK P TR AR R ST S E - £, b bk A TR A D HL R
{100 kV, ETHF 5 pso e IR TT 5 (9 i Hh PR RE, K SC U0 45 R -5 05 L AE RS AT X L, B0 ub B3t 75 3 il A7 PR A
7 ORGSR P 4 9 A

1 BkodsUsh T 8 RO R 40 45 1 it
1.1 B RS

P 1M bk sl R R RGO B sh A I E B, Hoh T ORI BG AR TR RS, Dy M EEHE, Ry AR ELBH, C ik BE
25, SN H FE S IF G, R A AR BE, LA Ly, o P8 SEAE G 1Y 4 0 5% 20 £ A9 A1 e M i s, Me J2 33 R AR
n K 0.82, KT RAME 120 mmx P42 60 mmx & B 30 mm (4 8k 3 40 K b 0 o 49 00 I 1 it BE FRL 2% C T st HEL PR U,
Loy W3 355 FL R w(6) AN L LU i) 38 2 B AR RE FBL A C Ry FE SR, 1A 17 1000 28 F 8 1 0 L e, 1T DATUASAS
() A 3 2% T B Dk i i i 1 4 o G JRR I 5 S BRI 3758 B H ] 43 i 36

Ltum(t)dt
= NS, (1)
_ Nui®In(r, —ry)
C 2 (re-r) (2)
K Ny WAL n BB REG 1, g 5300 AR Sy ARG RO R T AR

oscilloscope l- ===

| |

P6OISA || £ \// _,| :
_>|

1@ 0 @0 | I

-l .
' data analysis l

H
e~}
< %)
<
&> =
Z
[e]
I\
B 0000

Pearson 110A

Fig. 1 Schematic diagram of magnetic core test system under pulse excitation
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Fig.2  Typical waveforms of u,(7) and i(7) Fig. 3 Hysteresis curve of Fe-based nanocrystalline cores
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