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Characteristics Analysis of Capacitor
Discharge Impulse Magnetizing Circuit
using SPICE

H & 8% b %
(Soo-Hyun Baek - Pill-Soo Kim)

Abstract— A method for simulating general characteristics and temperature characteristics of dis-
charging SCR of the capacitor discharge impulse magnetizer — magnetizing fixture system using
SPICE is presented. This method has been developed which can aid the design, understanding and
inexpensive, time—saving of magnetizing circuit. As the detailed characteristic of magnetizing cir-
cuit can be obtained, the efficient design of the magntizing circuit which produce desired magnet
will be possible using our SPICE modeling. Especially, computation of the temperature rise of dis-
charging SCR is very imporiant since it gives some indication of thermal characteristic of discharg-
ing circuit. It is implemented on a 486 personal computer, and the modeling results are checked
against experimental measures. The experimental results have been achived using 305[ V] and 607
[V] charging voltage, low—energy capacitor discharge impulse magnetizer —magnetizing fixture
of air cleaner DC motor.

Key Words : Capacitor Discharge Impulse Magnetizer —Magnetizing Fixture System
(AMAE P QB A7l - A2z 4 2H), SPICE Modeling(SPICE %.#2)),
Thermal Characteristics(%d £4]), Heat Transfer Modeling(<d A& wwg])
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Fig.1 Capacitor discharge impulse magnetizer —

magnetizing fixture system
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—Magnetizing Fixture System
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*Transformer model description
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*SCR mode] description

- E——
.SUBCKT 258RT180 anode gate cathode

X1 anode gate cathode Scr PARAMS:

+ Vdrm=2500v Vrrm=2500v Ih=80ma Vtm=1.76v
+ Itm=785 dvdt=200e6 Igt=200ma Vgt=3v

+ Ton=3.5u Toff=z30u Idrm=80m

*92-6 Nihon Inter Elec. Co.

.ENDS !

XD ETSECCSECIE RS S SSSSECSCoCSCoSSESTosx=======

(a)
(a) SPICEs}#]n] ¥

o B(K3C8)

H(K3C8)

DI X P PREES

3% 3 SPICE sleln]e] % s|laslefdls EA4SA
Fig.3 SPICE parameter and hysteresis loop
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Fig.4 Characteristics of charging and discharg-
ing circuit

SPICER 0|88 AR UH YR~ A% 222 Y HY

22143 2aps|ee] SPICER @ o] §akd o
H

o Ay Egezd a3a VR E4E
vehi a2R4b)le wAHsEe] 54 dehis
ael4a)e] 74% SCR19 Alole AlZol $s}ed

SCR1le| %= olet FAloll #IA|E | %—d l
A ZhE AL ok £ glon} TE14(b) yo] 7 A]
olx Algol l led SCR27} %54+ o]
VA 5| ed A oA eke] nubx A
%7} 52k AE zwlfzg 4 giek o] Ag A
geF 3825[uF ], FAHASG 607[V]z =7 33l

_Lu.

3.3 YH SCRo| JEg YUY

) 2(b)e} A sl 2ol bl A
Aol wAT 4+ gl FEoze YA
SCR2, #ztgze] % R o st
3 4 9leH23~25] o) F s & e
Z Ag3l= 2339 A3 RL Axg o] A
2 a7lel whih &5 5ol Feps isofol ¢ o
o z70] gFslne Qddgedeo] 2w oA
544 Heb ¥ ol AAaao 73 +

2

to

in

o I

R o1
o ki

o

ulo
E
L 2

i
o
Al
o fu T
- ob
b

o

ox
é

a

O
\«‘U
rm?.
2
ru,a
1-5
i
o

o] T%—lﬁ& ‘“Hi | °—1’6L4 SCR°“ “H‘P% oA 75}
22} 3};,;1 o)u},;d jvd.z“/k] <] %;} 71\;}

A EA 4 dubEol A AL o] &3] Wb
Aol HE7hsd wAAE 4 8)3 ol vEbE 4
A= 20].

P,= A~T/Ro|( (8)

o} 714 Pz awld=[W], AT @447 L
of t)d £x A, & B HE UEAAEZE
Ty} Alelx &5 TeAtelo] zpololeh. =gt Roee
A7 A — Aol 29 AHF[K/W]eltt. A8e] o
3 Roer F9ARA roe(t)F o] 88 725 A(9)
o ejaled Asbdicet.

Toic(t) =Ry - (1 —exp( —t/70)) (9)

3714 ro3= bR A4 A —Ale] £ B4

olct.
21(8)e] 4xlAH Pox FEr|zbect S5 HY
Pog diadl®d 4 glam, o7lele AT()=Poroex
(Vo] e} Alghel. wkek Porh At opd
7349 odnbAel delo W= AT Azt 7
o] e}

AT =P, (1) 1o (t) 0[1)]
1714 Po() A7 toll 4] £atel 5 am
AW Jol .

webd A0S ol faked sxel HFiulNHE T

209



st AzdAelA AFsles ddoda re(t)E
Tohe] Azt £ F 78 £ 9ok

g, 50| B3 SPICE =Wy wyeo el uiy
SCRY efxfedf 1,9} olefr — A PeAdst
Vac®l Folf ¢3te] SCRY Au|AH S T3z o7
ol @UAARAL roe(t)F T8l 2x45E #9ls
@ew, SPICE d#wlog go]ES o
gy 2dest 27(C1E 71202 4%
&5+ 4d SCRe gy mddel 23 SPICE 3l
Astels vtebdn, 27162 9y SCRY 5
&+ v FG #Axtsl2e] AR EAL Jebf Rery
SCR22] &l — A whllsl= ZH4o wgls &4 3
A 4 glek ofuwl mulEel He g s sielelE
€ 286 Aol AlAEe] gk ad6(a)~(c)}=
SCR29] odehdsoh W whAdF5 vepd Aeln], o
6(d)= A7 Sl w3 AU A 1o ()5 e}
d Ao R 11.2{W]e] £Ae] whalslgiond, 18 6
(f)= ojue] exAlLe Uephd Aoz 1.059[C]
o Aol WA wEbd ag6e 2 R
SCRARFS] 2mAae A9 glonzg zziszo
Z ub A9 A SCRZ-»] Lr a0 A
B2

Ty

o rlo
o If
ox
ofy

{4

i
x4

g
e jo e

ox ol
oy 8
Ry

jo
fu

2

2

Ok) J.:l.
o
v o
Oﬂ—‘
0 2

o o i o
S
b o
(o] oﬁ d
’ —Ho ﬁ[};
o o
42} rlo
O >
Y0 oz oi,:;
of»
rio
5
T d
f
M
KOS

mo i,

oX
oif
of
-4
N
=3
a7
o
40
ol
o
2
oL
N
L
el
N

N
=
ol
JeilA
o
Il

% a0
o
z & o %
g o

-0,
°

iqf:qxﬂ@ﬁmrb&
ox

L o e

e
oX
R
i

epingt 50t 0 value={v(x)=i(x)}

rop 501 502 imeg

cop 602 503 1u tc=0

epint 0 503 0 502 imeg

epave 505 0 va1uo-(v(o 503)/(time+1in))}

ra B0S 0 1k

et 6510 0 valuo-((v(505)tltv(520))427)

rt 510 0 1k

erjcsin 520 O table {time}=
+(4.50001,2.499e~5) (4.50002,4.9987e~5)
+(4.50005,1.24920-4) (4.5001,2.49080~4)
+(4.5002, 4 8875e-4) (4.5005,1,.24220-3)
+(4.501, 2 48%90-3) (4.502,4. 8770-3) (4.505,0.01175)
+(4.51, 0 02211) (4.52,0.03934) (4.55,0. 01134)
+(4. v,o 09179) (4.7,0.09932) (5,0. 09999)

rch 520 0 1k

a7 5 wd SCRY 9y =S ¢& SPICEY
o 59

Fig.5 SPICE input listing for heat transfer mod-

eling of discharging SCR

210

Trans. KIEE, Vol. 43, No. 2. FEB 1004

RJJD:O.I[WL 70:40[“&']. Teares (Y]
Fixture Constants (R-0,024{okw], L0.1251[w}}

B0V o o e
|
(ate Yol
v Sleblgedd R )
o v{21,23) (a)>
0KV = oo s e e,
ot Yoltae of S |
~1 0KV 4~ oo o e e A 4
o v(154, 23) B>
BODA o - - - - oo oo . “
Dischargieg Currest ;
~0A 4—

o v(520) d>
¢ Power Dissipation Puvalt) ]_\‘
oV +— . cemcqmaenaaann qrmmmaees {
o v(505) (@)
] Tesperatare T(t)
25V 4o ooman P el B H
40 4.2 4.4 46 4.8 s.o
a v(510) £
Time [Sec)

% 6 %" SCRe| &5 54
Fig.6 Temperature characteristic of discharging

SCR
4. 80

4.1 AEEX|

ITE 2 ool 7*"\} o AR
7] A Azl FHEE Jebdch, Az
222 9= 1783 7EL°] Ak olo] 2y 2AF
2H-E 242 A4S #Aashe 8284 1.6[mm]
vHEAlel 32[31] A 9o, olE4] BHE Fo
th olue] g@azele] Age R=0.024[ohm], &
2379 oy A= L=0.1251{mH]e|c}.
2879 FAEANN FAAG W wAAHGe 2
Slabed Az Cyokul 5l Hxlga ofclel] 7}
Z: 21[Kohm](3[Kohm]x 7[}]) &} 38 wadad
st or], WdAAFY FA4E 9sle] WA 2o
AE 2 shuntx 8 (Type : YS—3, Rating : 400[ A]
x10[ ], 50[mV], Yamaki Electric)g <173}l
o} o37]4 &A% 742 o] v Tektronics Co. 2
Z A A A8 (2510 Test Lab.)o] ¢J# 2 5L %-3}o
UE=EE, 2y o ZoE Fo 285 53|
ZHE A Ao

g, ol &3l AsjAe a2 Cor (F)4M5ke) 79
A8 (225[ uF' ], 475[WV]) 62[AA]5 = -wdad o2
shed ALE-519d o}

ru!o
Ay
oX
[=
ol

o,
ofo
s

o

)



RARE WX 43% 2@ 10045 2R

1epulne magret]zer

el ton

i [—~‘.__J
N |
i ° ! dischargixg agrest
durping witage - .

d# 7 FHAAE
Fig.7 Measurement system

(b) #Aztg 29 =y

38l 8 A& ole] a8l AFEH 7.3 24
& g ez o 9w

Fig.8 Magnetizing fixture for stator magnet of
air cleaner DC motor and cross section

42 RAM Ul W AHE
37#e] SPICE =z aiw]g o] &ale] kgl o
# E4S vlwsty L3 3o

2819t 23102 FAAY, WAt o wkdHF

SPICER ol8¢ ZIMAIE $T P2 A% 2l2o) By Wy

o] thal zzte] melal s 2 AZATNE el
A2 FHAY 305[V]el 60T(V]e) 5 4ol ol
sl melaleleh, ag10me] FAUaRel A

1[V] % 283[ V], A& 57 14[ms]z U&=

gu%. 22100)9) WA gsa = 22 10()] )

Folgel A 2 1[V] e 325[V], @)

71 d{ps] zelx 50{mV] =HO00[A], WFel =
3

4l ps]% A9t ag9(a)el sl 10{a)e

PN 32 o

!

=
Kkl
o

<

dote g wlsrabd, FHAT 305[V]el 75 o
04[sec], 607[V]e #-%- oF 0.02(sec]2} 243 2
A5 ez AE o & geh o714 2210()e)
A2ogo] e AL el AdAEE A
4 ekl AR AR oy el A
odelel AzHele}. wak 22)9(b)st 23l 10(b)e] Wyl
Adstge] 39 wdAze H2ab= 607V el
A o 0.6[msec|7} wralEle], -2@19(c)ob =El10(c)
o] W fFalg el 49 ulAi)zle) 2
[V]ell 4 o 0.003[sec]ql e o
A 2abrh Al gl fapgt Bae ﬂqw 4 aleh.
3 YAt A g AA
%528 2402 oo tjg %
F5)ew, 2309(0)9) we 75@4 A5 Aoy
A& 305[V ]l Al 294[ A, 607[V ol 4 596[ A ]
ofed, 1&10(c)e] A9l AP Aupbdddi
305[ VIol4l 299[A]J, 607[ Vel 4} 590[A1q) 22
& slek o714 mdle st g A=Az g
ek 2ahaa 5908 i ash A4e] Wy o
A~ 220 ¢ x| 1 a3z Ao % &z
3} Lof 7)9lgicka FHrlgl w2 oo gl A ahgt 1
27} ¥ esjein 2o,

22k 607

b) % :Lallo(b o{]x-]gql 7o) wbA A}
- i/— x-]oHLol Ocﬂ }E:LEH

pis

211



Trans. KIEE, Vol. 43, No. 2. FEB 1994

\ 8 Tlechary ire Carrent T | woale + 400CAl:30(mv))

3
| Nishrying olug E T ET T

i
!’\m(v] ! o7yl
il - .
\

g

2

b

i

.

)

'

\

M

f

'

;

!

;
1B

=
'

:

'

;
J:V/
.Ilr//
'

wrroarTire
°

.47
o v{101,0)

Time [Sec) * Tges 1 106Y]  Aosuisition T W]
3 100 isitio Tie: X
g e Clock:
. TRt
. § . | ;| g Slapese elrigerid
(b) Ry T

BOOR £ e 1 (c) WA Fohad

! Discharging Carrent 5
é w0 3% 10 4575 (C=3825[4F], R=0.024[ohm],
? L=0.1251[mH])

oné {\ Fig.10 Results of measurement

4 44 9,46 q.48
o i({viood)

Time fSec)

=
() W AF}Y @ £

3% 9 SPICE =iz #= (C=3825[uF],
R=0.024[ohm ], L=0.1251[mH])
Fig.9 Resuits of SPICE modeling

2 AToAe e 7]z ==z a#ql SPICES
gafed AsAle wbd R Ay -dxpea
B9 vdalglo g ofga 72ke EAS dF

a o

°]

ps

4 ol
A, AR 2R FoAAEAE AQAR oA

e R izl AT 4 Qe BEE AU £

I | A, SPICE® o] §3le] Waslze] 428 Bz
Al SCRe] 242 2dag Eolol LEAEEA

T e | e | g Y 4 ek AN, 2 S o) 8stel 2
. ‘ ) = S =]
o

i“’"ff “‘ - 2| AEl o] Zakol TAIGlo] A|FARe gyt 9
N R R : Dgg BaAR 4 oloels vel, & e AR
: ‘ ‘ i 29 ST tEo] ST A AL
A L W) 24 AAE sbseiish 2o A, A £
LT TRl T SARSol wE 7Ztye] SMBE TP mdlo] ¥
skslolof 1§ =&k S| Fh5slelet £t
(a) A4 oz ¥ dFE sxz dled Lxaee F 29l
ol Zatg el ddwt welalol Bak M&AQ WdF
e T & @ ogelch.
I |
T e \ #ned
PO I Wil N Vi
£ ) | | 1\ [ 17 4BEk i, 7 =5« b, () AE, 1988,
5. ‘ ! e mlla | [ 2] David Jiles, Introduction to Magnetism and
.l ' : m bl mm‘:h Magnetic Materials, Chapman and Hall,
8_:,0 e .L ,L B = 1990.
T [3] bl fh, “HEERET X 5/5) R 5
(b) kA A qlo} & B RERAMNT, N AERBEn R

212



RELN ML 43% 2% 1994F 27

[4]

(5]

[6]

[7]

L8]

[9]

(10]

[11]

[12]

[13]

(14]

SPICER

7, RM—85—57, 1985.

T. Nakata and N. Takahashi, “Numerical
Analysis of Transient Magnetic Field in a
Capacitor-—-Discharge Impulse Magnetizer,”
IEEE Trans. on Magnetics, VoLMAG—22,
No.5, 1986.

T. Nakta, et al,
for Magnetizer,” Journal of Magnetism and
Magnetic Materials 41, pp.418—420, 1984.
T. Nakata, et al, “New Technique for Pro-
ducing a Strong Multi—Pole Magnet,” IEEE
on Magnetics, VolLMAG—22, No.5,

“Numerical Design Method

Trans.
1986.
G. W. Jewell, et al, “Simulation of Capacitor
Discharge Magnetisation,” IEEE Trans. on
Magnetics, Vol.26, NO.5, 1990.

E. Sabonnadiere, “Two and Three Dimen-
sional Models of an Eletromagnetic Velocity
Sensor”, IEEE Trans. on Magnetics, Vol.25,
No.5, 1989.

J. Kelly and E. Furlani, *
of Multipole Magnetizing Fixtures for High
J. Appl.Phys. 67(3), 1,

The Optimization

—energy Magnet,”
1990.

J. Kelly Lee,
ing Fixture for a Multipole Nd—Fe—B Mag-
et,” IEEE Trans. on Magnetics, Vol.24, No.
5, 1988.

Y. C. Liang and V. J. Gosbell,
computer model of DC machine for CADA
topolgy on SPICE2”, in Proc. IEEE Power

pp. 765-771,

“The Analysis of a Magnetiz-

“Realistic

Electronics Specialist Conf.,
1988.

C. Hu and W. F. Ki,
computer aid for thyristor circuit design”,

Toward a practical

IEEE Power Electronics Specialists Conf.
(PESC), 1980.

R. L. Avant and F. C. Lee, “A unified SCR
model for continuous Topology CADA”,
IEEE Trans. Ind. Electronics., Vol. [15—31,
No.4, Nov. 1984.

H. A. Neinhus and J. C. Bowers,
purpose computer model for a high power
SCR”, Tech Rep. AFAPL—TR-—7t—382,
Air Base.

“A general

OB E HHAIE YW YR~ X} 2| By HY

[15]
[16]

(17]

[18]

(191

[20]

[21]

[22]

(23]

[24]

[25]

[26]

S. C. Wong and H. C. Lin, “An Improved
Soo—Hyun Baek, Pill—Soo Kim, Tae—Bin
Im, “Computer Simulation of a Capacitor
International
Sympesium on Power Electronics(ISPE),
1992,

*’HTE‘L Trd, ALE, “AAE wA
2 27)5|2 o) HulelE Mo Ax ‘—EM."
1992vis jgl 7| ey stAldEse =EA,
1992.

Impulse Discharging Circuit,”

%

376, 1992.

D. L. Blackburn, et al, “Thermal character-
ization of power transistors,” IEEE Trans.
on Elec. Dev., Vol. ED—23, No.8, pp.831—
838, August 1976.

D. L. Blackburn, et al, “Power MOSFET
Temperature Measurements,” 13th Annual
[EEE PESC, pp.400 —407, 1982.

R. S. Vogelsong, et al, “Simulation of Ther-
mal Effects in Electrical Systems,” Applied
Power Electronics Conference and Exposi-
tion(APEC), pp.353—356, 1989.

Yrd, JE15, ds, d57, Qg 2
18] 2 9| &EE“"%’," 1993 = tfighd 7) st
8 A dxd-+3] =54, 1993. 5.

Wrd, Ay 5, “gua Zzle 34 A6l
LEEol T3t o1, 199335 ofakws)e
3] Ao =FA(B), pp.1098—1100,
1993.

Soo—Hyun Baek and Pill—Soo Kim, “De-

sign and Analysis of Capacitor Discharge
Impulse Magnetizer —Magnetizing Fixture
System,” The 5th International Energy Con-
ference(ENERGEX'93), 1993. 10.

WEH, QA 5, “LREAL el 228
g3 gae B4, 19931 % wglw ) st
3 FAEsle =5, 1993, 11
Jiles D. C. and D. L.. Atherton,
Ferromagnetic Hysteresis”,

“Theory of
Journal of Mag-
netism and Materials, Vol.61, pp.48—60,

Amsterdam, 1986.

213



