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Simulation and Research of Magnetic Compression Pulse Generator
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Science and Technology, Shanghai 200093, China)

Abstract: A two-stage magnetic compression pulse generator which can output fast forward nanosecond
high voltage narrow pulse was designed for underwater discharge. According to the principle of
magnetic pulse compression, the parameters of magnetic switch were designed. Breaking the water
medium to generate a plasma discharge channel requires a uniform electric field, so the external
magnetic reset circuit cleans up the remanence. The iron-based nanocrystalline core was selected in the
PSPICE simulation software to create a magnetic switch model and the encapsulation library was added.
The magnetic switch model can well simulate the working state of voltage and current staged
compression of MPC (magnetic pulse compression) in practical applications. With the advantages of
adjustable frequency, pulse width and phase, IGBT (insulated gate bipolar transistor) is often used as a
primary control switch in practical applications. It is used to assist MPC in designing a packaging switch
model of a transistor voltage reverse amplification delay circuit to achieve the correspondence with the
actual selection of IGBT switch parameters. The simulation results show that a high voltage narrow
pulse with a rising edge of 90 ns and an amplitude of 8.5 kV is output on the 50 Q resistor, and the
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rising edge compression factor is 6.4.

Keywords: magnetic pulse compression; PSPICE simulation; magnetic switch model; IGBT; narrow

pulse
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Fig.1 Magnetic compression pulse generator
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Fig. 2 IGBT switching characteristic of the test circuit
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Fig. 4 Influence of R, on the opening speed of IGBT

B 7E 52560 T WL 3] R, A28 AL 521 IGBT 5 Wt
MR, FE N IGBT fA7EF AL, 5
AL Cise TR A Coss HHHA Cro
H: CiomCoitCres Coes™CaetCops Cros=Ce( Cye 2
ANHIR . SRR AT AR s Coe R MM . R AT
WAL Co. FRNFERM . RS E AR
)0 JEHR Co, T8 R BK, SEHMH BN,
o d ok, B R, BEK, IGBT HY 56 I i i 48
S T VB R Sk S PMK PHV 641-L, 7R % 7%
& Tektronix 23 ] i) MSO3000-DP0O3000.,

£ IGBT JF SR FTRE e 46 ok v & A 4 S 36 v
A ) IGBT #1545 IXYH50N120C3D1, H F
PSPICE Ju{4 ) s A7 52 5 v BT i ) IGBT #15,




544 W, S BRI R AR R SRS 377

WO B R T LR S IGBT 4K 36 & 356 X & R
4H-SiC BIT (1Y JF OC H % o 52 I 5 55 5 vh 2 FH 1Y)
IGBT FF S HUNT N, SEERYR | Pl . K
A2 B 1) ST e PERE S S PR TARE AR —2, 5 ST ke
S WEH BT S MVE R, JF X5 IR G i i 4
44 LBIT _IGBT, 4 S fis. ElH: NET AR
FW LU 15 Lo WL TD A JF 56 3R i ]
TR W55 ETFetIa]; TF N5 5 FFEEHE ; PN
WD ; PER US55 1 &1

R A
50Q
- Cl
1 nF
N4
170 v="
: V=0 NET;
V,=20V
TD=0.7 n
TR=1ns
TF =1 ns
PW=1ms
PER=2ms
iy ) i '

‘W

(=)

B 5 FFXFEEL_BJT_IGBT
Fig.5 Switching circuit L_BJT_IGBT

FEFEAE F e 10 nH Y HLEE . BIT( =4 ) |
IGBT. LR V) & LE 170 'V, FHi T 45 1Y
IGBT JF S 52 56 i U L R AR — 2, BRI H L
Ry G TF AR B T 30 3 B 5 A R ) (& 4 EL58HIF ) .
TAERESE vy &id R X Cy 5o, JFIRAEIR B[]
TD=0.7 us i, 7€ IGBT M4 it in — 4~ 3R sh {5 5,
£ IGBT 4K 3) BIT HF , JE W —1 L-C ¥k 7 Inl
o TDH 0.7 us, FFICHEIR B[] /N T 1 4 Bk
R A s ST AN TR ] 1.5 ps, 83T MPC {5
FLAEHAE TSR S & W BIREAHBI D g . TAE
AR E 7E 500 Hz, &40 K Y)% Si BIT HABKZ
JUAE AR HL B, 4H-SiC BJT J2& PNPN P )2 2 Gk &%
. Rt 2 A Jo A T IR BT R Y. Sic kR
Eb SibokE 2 — AN B R I A R g g,
SiC - AR TF WL 2 L Si a8 3 i H 48 2
WeBE T, A SiC 2k IR AR S Sidv Sl
BHEAR, HoA & 200 T m s B, vl LIRSz
—TZREEFEEE, H&E N TIEmME,
TARIREE . JFefib L BIT IGBT #E & 3% IGBT
(5 AT 5 7 AR K S =2 ), i A7 5 DU R

HAERR AR S ZE, YT —D =Rk
B Ta) JRCR JIE Bif R B, FL I 4 4 RN OE S R R g ik
/N, FERRARTT SCHAE Y (R B 32 v 1 aE
JH PSPICE #57 L BJT IGBT BT, ¥
LA . B S TE PSPICE A 5 Create Netlist A=
B 453, View Netlist, 7F 5 [#T @ —MicFHA,
B g R m B, R b A8, AR
JE#E Model Editor H4TFF, 2% 3= BB A& ek
B H B IR P BRERS S, ORAFE R DA subekt 1 R
HURTEA], Dhends £F A 45 G ) Y .mod SC, H:
i subckt Fl.ends 2 [B] 1 18 4] & A 14 14 3% 32 5 =R
JEPE" . L BIT IGBT MR B4 A S0 -
subckt L BJT IGBT IN OUT

L LO IN NET!1 10 nH

Q BJT OUT NET2 NET1 4H-SiC BJT

Z 1GBT NET2 NET3 OUT CM300HA-24H
V_V2 NET3 OUT+PULSE 020 v 0.7 us 1 ns

I ns 1 ms 2 ms

.ends L BJT IGBT

CM300HA-24H /& PSPICE Jt 4 I v [ 5 1 %
RIS IGBT, L BIT IGBT 35 & FF A5 Hy % 4
6 T . K .lib SIS .olb SCIF, (5 ELRREE 1ib
45 A PSPICE f#) Simulation Settings /1, % £f
configuration file, i Addas Global ¥4, H#H.Us
Ik 4 ey e o

U,
170V _1__r_ v, L BIT IGBT

JL
r
-0

"0
B 6 L _BJT IGBT %I 2%
Fig.6 Test circuit of L_BJT_IGBT model

3 ®FFXH) PSPICE #&2Y

3.1 Wi EZ
PR 1 85 8 1) T B4 T O 368 SR 85 b



378 o B TR 2 2 R

2019 4 5 41 &

BRI AT A BT T A B
GRSk, BB O B R HA IR 1 R
AR, RS He BRR /0, FIE H ORI HE )
Br/Bs BT T 1L o Br o 4% g N 5
Bs LAV RN 5 L

V7 9T 738 s i [0 8 3 7S W P P R ) R P s
PEFF 3R, £ 28 45— MR A0 P A O I
AT o WA B B0 R X S AR i 2 R R AR AR AR
K, RIEA D), nTRIFE S84 T 2]
B Chy s g 2270 REVRLRIVHID J B 6N A8 A X i 5
R, UL Ly, L RN AR fE S A LR, B
Ru>ug, WA L>Lg, IRV CTE #E AT 5
HL R 23 R A JL AN B R B

B A
| \
| I
| () \
Lo \
[ |
| o
: 1 >
I H
Lo L
S \
by !
1
P \
WA A

7 SKEERERLEIREE E £

Fig.7 Hysteresis loop of ferromagnetic material

Luts =ﬂ0[5(ﬂr—1)+1]1_;—17\i21n(DDL;:) (1)
s Lys HERBEM RIS 1o, p 230FRR T
25 R PE R B B WG R 5 0 W RETT SR80 i 25 1L
N RGEHWITE; H, Doy, Dy, 735 RHETT Y
B AMERIAR . 8 ue=4nx10 .

AR 1 T 5% B AR A0 AR A J7 R XmT R, fL R
P i R A2 1 R R [ A AR 0 i 28 8 20 I %
i 5 A8 T ARG 3 R A A R = 0 e BRLOR R A
S I, 2 LR RS2 B AR RD AR R B —E (.
I, W AW R, B T AR S EEA B-H i
ZRAYILRI BE o R UL, o 4 o e SR S ) R DR
SCAT LA ) R A A S A

f V(r)dt = NABA, (2)

A Vo) T & W v L 1 5 AB Dby il it 4 2 7R
EE; Ay, ARETT AR

3.2 #;FFXF PSPICE &##%

XF 1% 7 45 W B% 47 PSPICE 15 BLIGIE, &
Hi STy, SI Al SI; 2 %05 MPC 7 52 Br i F o £
Fr—F, SL, Al SL ¥ H W] 845 g ots Se 2 . ST Al
SL(SLy) ByAMME . AR M ERST 08 64, 40,
25mm 166, 40, 26 mm., 3 1. % 2 435~ MnZn
BRI RE T SRR LG oK ST e S 80, =
IR0 B8 B 5 Ay RO BRI A g RO
(] Bt

®1 SLBH
Tab.1 SI; parameters
ZH A4l A
/ 16.328 cm
A 3 cm’
g 0 cm
Br 0.20 T
Bs 0.51 T
Hc 8 A/m

R 2 SL(SI)Z#
Tab.2 SI,(SI;)parameters

24 Kl Hf
/ 16.642 cm
2
A 3.38 cm
g 0 cm
Br 0.10 T
Bs 1.25 T
Hc 1.60 A/m

Hi T PSPICE 4k rf A if 47 Model Editor 2]
AE, AR PR, %4 Magnetic Core,
IR BRI BE AE L, (% £ Nonlinear Ferrite,
FERR O HE A B0 28 A 3] Model Editor H1. i
F7 J5 5 lib SC A5 ol olb ST, %3 %) PSPICE
o e E B FEOT A B bR, ST R
A= 1LY olb SCF S E F Implementation Path, H
&I 281 Value s T G AL, 5 BCBT PR
1ib X5 A PSPICE 9 Simulation Settings H1, #E#f
configuration file, fiili Add as Global %4, ¥ H 7
TN 4 )Ry e o O A PR A8 e 4 R R 4 G
BE#F Breakout & H177 k.05 20 XFRM_NONLINEAR,
NN NE = [



% 414

W, S BRI R AR R SRS

379

4 WEEBKHMEERHE

18 Jr 7 Al 2 ) FF GBI Uy 7 FH 21 4 ik
R AR R B, R A RS TR R i e
500 Hz, B, 1, L WH . % R0 5 il
il L R T AR 2 S K, A RIS B AT L
Jil T P A AR ] ST 6 T T A (R A L SR AR
i, DA S 50RO Dl i L B A il A L JRR A
UG il i v 0 TR B G e BRI Sk
Tl SRFH B 7 F I E BRGNS N B RIRE
K8 HELRME B R, AR B A0 T AR S R B4 JE
Y80 0 Ik R EORE 5 o O FURE T DGR A S BLAR T

e, SEBR N R Hp R A A S K A R O A B
PRGBSI — 3 s AR, EE KT A
fls s AT P A I o IR AR AE YT SRR
-] 25 7= A i H sl 3y oot e s 2R F s T
JEGA AT L5 H P AT A R L,
ARG IF I SRS G RE R, W AR T, %8
HARBE LTI, AT B — IR G Ik
ZRLHHR 3, WA TR LA — R SR 4 A8 A e il B
0.85. LEALIM M K J7 1E He TR/, I 85k il 7F
&/, GRS A TN e k. A8 e g% PT 4%
HHAE R 5 2 50, LA C IE N2 uF, RHER3),
AR C, J 20 nF,

ST LI
L A Lo
| l—f;l B & |
LT m i
kv TN L, »: . A e VoA
SI, L, SI,
H
%E‘ = C‘ = C2 = C3 %
W 2 uF 20 nF 20 nF 8
B8 mMEHKMEERFERE
Fig.8 Simulation diagram of the magnetic compression pulse generator
— 52 _
Ci=n"Cy (3) 12 s, HIZE 2.7 ps I C, L 35 B 06 9 kv, I
X, n i PTG IE, H C=C;, #MAH  af SLEAIFFE C 4 Gy i, C; 78 H i [] ok
Cy BUHEIRA 20 nF. 0.8 ps, BHUAE 3.5 ps if C; A3 He 38 B iR H , L 2

ST, H FN T 38 I 18] Ky 1.5 ws, MR RETF 56 B4R
OB 7 22X (3) 3158 ST 78 fif H— A i
WL 6 M, N TIRIE Gy, Cy 987 75 HL I
], Sk, SLyfAIEfE 535 E N 1.2, 0.8 us. [Al
BH, J1AAH SL 7EH FH 2 DRGSR 7 I,
SIy 7R A 1 NG R 2484 9 I . i B R
Ly, Ly B30 b i % b o] BEAF 7 I 24 R Rk,
JEE /B B O 100 nH, 1 pH.

B 9Ca) T 7 kBl 1 4 ok i 2 A= i A5 0L 52 B
TAHEF#&P ¢, G, C;, LOAD #il Uy b i JE ik
B, EERIT AR Uy #EHI7E 0.7 ps I IFiE, st
Vu bR 0, BFIE 0.8 ps, 7E 1.5 ps B SI; 1 FIFF 38
C, FFIRXT Cy filti, it vy, Ve, Ve,iX 3 72k
Al LLE W ST X T 56 U, e 2 R il B 50T 56 19 2
AE, ST EREEIFEE R ROCH. C, TR

STy 10 RN 8 XF A 2k o R B SR T LA 4%
S FL 2 1Y FT L IS [R) 5 34 Y STy, ST, A1 ST A AN
T A [A] FeAR— 2, 200 PG DR T AR R A% T HL
TG R 45 28 0 45, Cy, C; F1 LOAD 7583 Y ik
LR R LT R R BEL, B ZAE 50 QaliH BH M
ik Ffr—A ETHT 90 ns. R{H 8.5 kV U JE
APk owh o, AU VE R 4R A5 B 6.4, Tk v 2k
0.3 kV. FUbK b F 7= Az 14 JR A 3 R AE 4k 5 F
KM Z BB ARG, 2o Kok R
2%~4%, B2 C, SR 2 5, HFu b R
HEHM 0, XA fERH T PSPICE fi B it& 4 L, #Y
JER AT E, FEPAEIIAY L, B EA
= ST N S e o e R = AN ORI
A o 90 Lok e A Wk ob 9 R B o 5 LB R
JEAR T 10 kV 2 i T PSPIC 5 A F e b 4%



380 o B TR 2 2 R

2019 4 5 41 &

L E/KV

Hif 8] /us
(a) C,, C,, C;, LOADFMIU, b H JE I
6 -
- IC2
S5 1c3
-
« 4 LOAD
=
= 3r
=
2 L
1t it
e 'gl F
L s I S R
0 0.5 1.0 15 20 25 30 35

18] /us
(b) C,, C,HILOAD FHHTE
B9 HEEME

Fig. 9 Simulation waveform diagram

ATCEHF EAFTERRE

wE 9(b) it , Hic,, Ic,M IoapiX 3 50
LS B B Ik SE R R A A, LI REAL, E
B, IeZAe gk Do — IR 5.5 kA 2R
WEHLE . 1.5 us i € X Cy i, 2.5 us i €, B HL
Wm0, H G FHEBFERAME Ik, X C,
FAEAERBE R ) Gy B [F3E 3.5 us B, LOAD
HRE 0, H RSB ERKME 8.5kV, HIE9
DL H, C,, C; H1 LOAD |- B i FlH T 78 ik F,
] AY) A o

5 & it

BT T — R RERE N T K FRscR el PR AT
T AR G i e 2 JDK i 4 A 0 T s 4 IOk o A AR e
BETF SRR | e D Wi e | AR P4
P s Bk ok BT RO BECA B R, e
BT Y RO s 246 A A B R B/ T R ) T
%, a7 — P BRI .
PSPICE {5 FLEAF st it — b = B A L e I i i R S
I R 2R T SR R S A D R | Sl T

Vi A2 B[R] 25 T & PR RE 5 SE PRk FH IGBT JF 6 S 4k
AR, X R R 46 E I S 0 AR 4 0 4 Bh 1R
PSPICE JT 4 JFE A% B 15 A5 1 T SRR 70 24 - S A58
AU AR S A ) R T S B RUAR G AR 4Bl T MPC 7E
ARHRCEL L A 5 BELRS I HR B N R R R R A
FE45 0 TAERIRZS .

SELH:

(1] Z2A8A, WP e AT 5 45 88 1 A EL A T B
BT[], PP, 2014, 63(9): 095202

2] EafE, EEAR, e M. SR BOE R B T 7
0] CHTF « B0, 2001, 12(10): 1029-1033.

(3] JBIR. 55 B 1A RL = & AL IR (1], J17% 5 52k, 2010,
32(5): 102-104.

(4] TN, 2Rk 22 906 5 40 Tk e JR [J]. VR B R, 2012,
36(1): 118-120.

[5] AKIYAMA H, LI Z, OHNO T, et al. Water-bloom
treatment by underwater pulsed streamer-like discharges[C]//
Proceedings of the IEEE 34th International Conference on
Plasma Science. Albuquerque, NM, USA: IEEE, 2007:
277.

[6] LI Z, KOHNO K, TANAKA F, et al. Effects of output
peaking capacitor on underwater-streamer propagation[C]/
Proceedings of the 17th International Conference on High
Power Particle Beams. Xi’an, China: IEEE, 2008: 1-4.

(7] SKHE, (LA, 2= kA, 26T PSPICE A I i ik oh i 46 &
GRS ELT]. REVERDRE AR, 2013, 44(2): 62-66.
(8] EA4, BRGI, X 50 E . BT 21 SAARTF SCHRE I OC Y 4 [
Ak R IR [T]. MRIBEOG SR T, 2010, 22(4): 730-734.
[9] SAKUGAWA T, WANG D, SHINOZAKI K, et al
Repetitive short-pulsed generator using MPC and blumlein
line[C]//Proceedings of the 14th IEEE International Pulsed

Power Conference. Dallas: IEEE, 2003: 657—-660.

[10] BAIJ G, HUO X W, MA J, et al. Magnetic compression
technique for colonic anastomosis in rats[J]. Journal of
Surgical Research, 2018, 231: 24-29.

[11] ZHAO G B, MA J, YAN X P, et al. Optimized force range
of magnetic compression anastomosis in dog intestinal
tissue[J]. Journal of Pediatric Surgery, 2019.

[12] 14 81, XBARIE, kK, 45, —FhRi T SiC BIT ki
(i B 0K B HL g (9] R B RE B8 3, 2017, 12(2):
214-219.

[13] Z=45, SR JFOCH BIT (OREHERFSE I PSPICE {15 EL[T).
RY T EAR, 2016, 28(7): 1673-1678.

(14] SRIRAR, T8, 5k, 2. BRRENK w48 R Gt 0], &
HEFIAR, 2009, 35(3): 661-666.

(15] ARG A RHRE W I 52 (0], h E R (R A,
2006(22): 307-308.

(4. TLZ0)


http://dx.doi.org/10.7498/aps.63.095202
http://dx.doi.org/10.3969/j.issn.1002-087X.2012.01.036
http://dx.doi.org/10.3969/j.issn.1001-3830.2013.02.017
http://dx.doi.org/10.1016/j.jss.2018.05.006
http://dx.doi.org/10.1016/j.jss.2018.05.006
http://dx.doi.org/10.1016/j.jpedsurg.2019.03.005.
http://dx.doi.org/10.3969/j.issn.2095-2783.2017.02.017
http://dx.doi.org/10.7498/aps.63.095202
http://dx.doi.org/10.3969/j.issn.1002-087X.2012.01.036
http://dx.doi.org/10.3969/j.issn.1001-3830.2013.02.017
http://dx.doi.org/10.1016/j.jss.2018.05.006
http://dx.doi.org/10.1016/j.jss.2018.05.006
http://dx.doi.org/10.1016/j.jpedsurg.2019.03.005.
http://dx.doi.org/10.3969/j.issn.2095-2783.2017.02.017
http://dx.doi.org/10.7498/aps.63.095202
http://dx.doi.org/10.3969/j.issn.1002-087X.2012.01.036
http://dx.doi.org/10.3969/j.issn.1001-3830.2013.02.017
http://dx.doi.org/10.1016/j.jss.2018.05.006
http://dx.doi.org/10.1016/j.jss.2018.05.006
http://dx.doi.org/10.1016/j.jpedsurg.2019.03.005.
http://dx.doi.org/10.3969/j.issn.2095-2783.2017.02.017
http://dx.doi.org/10.7498/aps.63.095202
http://dx.doi.org/10.3969/j.issn.1002-087X.2012.01.036
http://dx.doi.org/10.3969/j.issn.1001-3830.2013.02.017
http://dx.doi.org/10.1016/j.jss.2018.05.006
http://dx.doi.org/10.1016/j.jss.2018.05.006
http://dx.doi.org/10.1016/j.jpedsurg.2019.03.005.
http://dx.doi.org/10.3969/j.issn.2095-2783.2017.02.017
http://dx.doi.org/10.7498/aps.63.095202
http://dx.doi.org/10.3969/j.issn.1002-087X.2012.01.036
http://dx.doi.org/10.3969/j.issn.1001-3830.2013.02.017
http://dx.doi.org/10.1016/j.jss.2018.05.006
http://dx.doi.org/10.1016/j.jss.2018.05.006
http://dx.doi.org/10.1016/j.jpedsurg.2019.03.005.
http://dx.doi.org/10.3969/j.issn.2095-2783.2017.02.017
http://dx.doi.org/10.7498/aps.63.095202
http://dx.doi.org/10.3969/j.issn.1002-087X.2012.01.036
http://dx.doi.org/10.3969/j.issn.1001-3830.2013.02.017
http://dx.doi.org/10.1016/j.jss.2018.05.006
http://dx.doi.org/10.1016/j.jss.2018.05.006
http://dx.doi.org/10.1016/j.jpedsurg.2019.03.005.
http://dx.doi.org/10.3969/j.issn.2095-2783.2017.02.017

