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Heat Transfer Modeling and Characteristics Analysis of Impulsed
Magnetizing Fixture
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(Soo-Hyun Baek - Pill-Soo Kim)

Abstract —In this paper, we found the improved SPICE heat transfer modeling of impulsed magnetiz-

ing fixture system and investigated temperature characteristics using the proposed model. As the de-

tailed thermal characteristics of magnetizing fixture can be obtained, the efficient design of the

impulsed magnetizing fixture which produce desired magnet will be possible using our heat transfer

modeling. The knowledge of the temperature of the magnetizing fixture is very important to forecast

the characteristics of the magnetizing circuits under different conditions. The capacitor voltage was not

raised above 810[V] to protect the magnetizing fixture from excessive heating. The purpose of this

work is to compute the temperature increasing for different magnetizing conditions. The method uses

multi-lumped model with equivalent thermal resistance and thermal capacitance. The reliable results

are obtained by using iron core fixture(stator magnet of air cleaner DC motor) coupled to a low-volt-

age magnetizer(charging voltage :

results are in close aggrement.

1000[ V], capacitor : 3825[ #F]). The modeling and experimental

Key Words : Capacitor Discharge Impulse Magnetizer( A A e wkd B A zzbr]), Impulsed
Magnetizing Fixture System($ 2 #=zatg 5 A~¥]), SPICE Modeling (SPICE 2=
2]), Heat Transfer Modeling(d A w1 &])
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,ﬁ\i& CO]lMa net
ni A
i
|

Ho ]
[ i
I i
I
!
C

7

Gap

Yoke

{¢) Cross—section of 2-pole magnetizing {ixture

Y 5 25 Hofga(oolag] AFuels] n
A4 A48
Fig. 5 2-pole magnetizing fixture(stator magnet

of air cleaner DC motor)

e
—
S-S
O 0

BTl 143] #Hx4] HFExE 1675
[o]

:
[Cles e dss 7o dxd S48

U~ ¥xjgIof AXY 2UY H By MM

; Temperature Rise " X ]

” {capacitor: 3825{4F}) ; e
(Iterative Magnetization:15) e
A — e T
ao : - ;
i LT !
[ Gharging vol tage: 8O7[V])> I
0. : e
i l |
i | |
! i | 7_/
- ! L
¢ o
g L
r«h-r-.ll“ vol tago: SO7LV]1) h@f)[yl hmslhu Tmiﬂ:l
o . = st tial]  Suple Clodi 2K
2 l : . Trigger Level 0] o Leogl: 200
v | ; Trigger Siopezs  Prelrigerii%
- 3 |
g ’ L~
2 ; I BRI S,
| oermir vormnes0ne2s .
H ! b

P o ~30 —20
Sevcorde

(a) Measured values
Temporature Riso
(Capacitor: 38251 ) )
(lteratlve Magnetlzation:15)

100 = oo sl sellloiieiaiis oo
; T :
! — .
icl: e :
S charging voltoge: 6070V
0 4 e
Os 10s 20s 30s 40s

o v(82,0)-273

Time [secl

00 <« ommemmmn o i
el ! T T 1
[ — - chargling voltagae: 507LV]
0s 10s 20s 30s 40s

o v(82,0)-273

Time [sec)

5O ;e e e
ey ¢ T
: ‘charglng voltage:305Lv] . .
O b see e e e
Os 10s 20s 20s 40s

o v(82,0)-273
Time [sec}

{b) Modeling values

Q8 6 FaAYE WMo 49 LuEy
Fig. 6 Temperature characteristics in case of in-

creasing charging voltage

Ioh 53l 23] ApAbA) ga e 2R
Eat

o] wbEsiel x4t

o [
= A o 4 slew, 143 Akl ZAe
zeol Ao gALxel 200[TCTl A7 A =
& oolE meste] FdHsh, #Aasle W Poa
W 58 AAsledok g}

385



Tenporature Rise
(capacilor: 3825(4F1)
~ | (charging volinge: MO[V))

OOZ

d ______ — ; —
[ ) ‘| .

[« D

0 )

]
ol R . U )
. RO S A N

] — S el L
8 )

(o)

d R U — —

lnrmmm Tiws &’lsl

) e JUPR— Sl Clock: M|
:000] fovord Lenglh: 200
{ Trigper Slopezs Prelrigeer 100

Tvm Masrntiration £ oA

o0l O

~
d ) T ]
. Ttarmtive Magratination | 2
0l e T Tl T T T e T T T
(a) Measured values
<00 Temporature Riso :
(Capaclltor: 3IAZELLFY) - - R
(Charging Voltago:8101VI1) .
) . e
e T Iterative M.up_not ization: 14 .
[ e B I R i
Gs 105 20s JUS 405 505 60s
o v{82,0)-273
Time [seci
200 ;s meeeeaoaooL Ll oL
ol | SR
o .' T Itorative Magnotization: 10
rrrrrrrrrr R - - -1
Os 105 20s, 305 405 105 f>
o v(82,0)-273 ) 00
Time [sec)
100 —-r i —_
el I
o | Iterative Magm-t ization: 5 |
e . S
Os 10s 205 30s 40'; 50'5 605
0 v(82,0)-273 )
50
i)
9 EEE—_— - e - S
Os 105 205 30s . 405 S50s 605

o v(82,0)-273

Time [gec)

{b) Modeling values

q8 7 AAAEE WA 5 5o Lnna
Fig. 7 Temperature characteristics in case of

mncreasing magnetization number

386

Trans. KIEE, Vol. 43, No. 3. MAR 1994

E 129 79 429 vele) Az wa
Table 1 Comparision of measured values and
modeling values of Fig.7

apapa)zk ¢ 60 (scc), BN 1 S10[V], #slA|e] 82 ¢ I825(4F]

E] k- i & [TC)
A A R 58
CI - ] 299 AAN 2 A
2 . 48.2 49,2 1.0
5 T 75.4 78.9 3.5
10 129.5 126.5 3.0
1 167.5 164,3 3.2
5. &

2 o oAl SPICE =zl o] L350
abale ge] x4 wibel vhud AAH

SPICE A& weS Al4sta o welg 754

Bl 9bz ol abxlg Fof HEshe] ofgat 7
L B4G olg 4 2dodd
A, 2 SPICE Hgedgs Zxigee] a2tz
T %xﬁ Aol ul2 s o] o] L3t &
43 7 2E 5 91914
=4, 7| delel 243k Halteg AAR £8
S A7k 4 o8] 88 Aok 4 lowlep ®,
PouyE E 59 Axeads £44 F
43 4 gleowje} gteixlc w3 Azleze
Aol Al A& AA doleld duz )
E owdl g ol 8a AP Axlaze F&7
Al 8 gol Helup Bk

g, % AAo] g exel AEHES shet
i G o S

sl wel, ol - e 2w g
woAAT e FU ARG Ssty sl
o rbitel

o FAY Ex4ds ¢4 rANAE g AL
4o oA HAgxlojof & Row divixlc

2 o2 s
[ 1] T. Nakata and N.Takahashi, “Numerical

Analysis of Transient Magnetic Field in a
Capacitor-Discharge Impulse Magnetizer,”
IEEE Trans. on Magnetics, Vol. MAG-22,
No.5, 1986




WARE WX 43% 3% 19945 35

L2] dhinidass, flh, “HHSEHEID X500 25
BB DB R AT, A S o i
o€, RM-85-57(1985)

[ 3] T. Nakata, et al, “Numerical Design Method
for Magnetizer,” Journal of Magnetism and
Magnetic Materials 41, pp.418-420, 1984,

[47J. Kelly and E. Furlani, “The Optimization
of Multipole Magnetizing Fixtures for High-
energy Magnet,” J. Appl. Phys. 67(3), 1,
1990.

[ 5] J. Kelly Lee, “The Analysis of a Magnetiz-
ing Fixture for a Multipole Nd-Fe-B Mag-

t," IEEE Trans. on Magnetics, Vol. 24,
No. 5, 1988.

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

[ 7 ] Soo-Hyun Baek, Pill-Soo Kim, Tae-Bin Im,
“Computer Simulation of a Capacitor Im.
pulse Discharging Circuit,” International
Symposium on Power Electronics(ISPE),
1992.

[8] Wadt, 4%, 254, “A44d 4 o
Hee #Aarigl el dele]E QA el zat
547 199205 gk 71 ts spAl a4 3)

o] =3, 1992,

VR, AR S A g e

o]

h
2]

? = [ o [N =4
HAL e Aabg A Al awle] B4 b of
B A RS e o Py

227, pp.361-376, 1992.

[10] D.L.Blackburn, et al, “Thermal character
ization of power transistors,” [EEE Trans.
on klec. Dev., Vol. ED-23, No.8, pp.831-838,
August 1976.

[11] D.L.Blackburn, et al, “Power MOSFET
Temperature Measurements,” 13th Annual
IEEE PESC, pp.400-407, 1982.

[12] 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.

[13] ELu and G. Bronner, “Computer-Aided
Methods of Determining Thyristor Thermal
Transients,” IEEE Trans. on Energy Con-
version, Vol.5, No.4, pp.616-623, 1990.

[14] Steve  Clemente, “Transient Thermal

AWL Mxa30 WY BT U B #HA

Response of Power Semiconduciors to Short
Power Pulses,” EPE, Vol. 2, pp. 434-438,
1991.

[15] CH.Schaeffer, et al, “Thermal Simulation in
Power Electronics,” APEC, pp.780-784,
1992,

[16] J.McGloin and D. Sdrulla, “Estimating the
Temperature Rise of Power MOSFETs dur-
ing the UIS Test,” APEC, pp.448-453, 1992.

[17] R. Le Doeuff and J. Robert, Modelling and
Control  of  Electrical Machines : New
Trends, Elsevier Science Publishers B.V.
(North-Holland), 1991.

[18] G.Karady and A. Mansoor,

Model for Transient Voltage Suppressors,”

APEC, pp.491-497, 1993,

Soo-Hyun Baek, Pill-Soo Kim, “Design and

“Computer

[19]

Analysis of Capacitor Discharge Impulse
Magnetizer-Magnetizing Fixure System,”
The 5th International Energy Conference
(ENERGEX’93), 1993. 10.

[20] Wamd gl Hleds, s34 a, “oi:rLz}Aj'
Zabs) 7o) ewwele)” 1993w o g
7] &k 5| 2l 2l o g =52 1993.5,

[21] w4, A4 5, “olalxs Hxea 4~
Hel £xS4de e 7" 19933 % o
A 71ets] shAldbesle] =AM, pp.
10981100, 1993.7.

[22] J.G.Kassakian, et al, Principles of Power
Electronics, Addison-Wesley, 1991, pp.693-
712.

[23] R.K.Sugandhi and K.K.Sugandhi, Thyristor
Theory and Applications, John Wiley and
Sons, New York, 1981, pp.25-32.

[24] W4ed, 24 5, “exE48 g 2

’

A3 m sae)] B’ 199335 o)
G v 6hs] A gl e) Al 1993.11.

-

A
z

YH(aBEH)

A71es =Fa A437) 25 @ =,

LS (o)

A7k s] R 4434 235 H =



