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Operation system of Switched Reluctance Motor
for Radiator Cooling Fan

Young-Ran Kim', Yong-Ho Yoon",

ABSTRACT

In automobile, the introduction of electronically
commutated motors has been accompanied by a
proliferation of electronic devices. With this
proliferation of electronic devices, an emphasis
has been placed on EMC issues. This paper is
proposed to use SRM as a radiator cooling fan
in automotive applications. To drive SRM,
Energy efficient C-dump converter is applied. It
is verified more efficient than other converters
through simulation and experiments. And also
SRM is valid automotive applications that have
strict EMC standards. It is compared SRM with
BLDC and DC motor by experiments.

.M =

29z H¥el2 AHF7)(Switched Reluctance
Motor)& ©& HE7] B g F2E 7HAL
Aol AFR @ri7l A@stz, 7AHeR HausH,
e 5o gost FANAME A g A o] h;ou%, H
21A] Tol flol #FAu7 AL Ex e FHE
AU Yot

TE BPYS HE HYE AL JoeH 21
Mol golsly, AT ELa 4 EE&W
N EEHEY BT} 48}, {11(2}(3}
olZg AHoE Ustd IFUdME JFHA7|¢
2 71Ad8 SEEop A&A oA doH
3 m2oly NFo] AF AFa BHAM HEEH
712 AR F M= B dFEHL Yo
At HZ AFHRANE Z4F ¢F % 0L,
2 717, ®A4 EAFE agn 4F AF7]
5 AFREF Aol Hoj7tn U ALFTHE
3% e AzE7|7] A= 53 EMC(Electro-

19

lo

-

Sang-Suck Lee’, Dong-Hyo Jung™, Chung-Yuen Won™
PAC TECH®, Sungkyunkwan University™,

Incheon City College™

magnetic Compatibility: ©]3t EMC)el] ot o =
o] g3ttt ojd] dis John E. Makaran<
BLDC AE7IE A%§ ¥z #& AF7=2 A&
A EMIC] #& 248 Ao

FAHoZ A 370 HLste EMCE A&7
4ol EMCEL o€ 447 #AE AASE Ut
E =FdAs Ay £&31%89 ooy W
Zt A4 AE7|E2 250WE SRMES FHE&sdn o
Z FEE7l A¥ 7E58& ZLHEHE  Energy
efficient C-dump ZAWEE ZH&3AL Modified
C-dump ZHE ] Hl&] JeHAA FHFHezE ¢
F3e ANEHo AT dYe F3td FlsAth
g AEa #HNA SRMel A A A
#AE HFs7] Ydstd HuddeE BLDCS
DC 5718 AExo=RE Z733td SRMeo| AF
2 gydolg Yzt #E AFINE IS 4F
A3z A AT,

2.2 E

2.1 Zi{E Topologyel MsH(u
2.1.1 Modified C—-dump ZiH{E

Qe D1 ¥ D: & Ds
Do
A 8 c
Vos |

13l 2-1, Modified C-dump Z1H{E]
Fig 2-1. Modified C-dump converter

Al
S

I8 2-1& Modified C-dump ¥ Elol] #3 EF
gxjolt}, At 3y o B2 29F 9 Tl
=g X BriR ez AAAEHYE FhEE T2

- 949 -



2 duAE AN AgstAnirt vz oo
o ozt Alo] desh= WA ANERA AHojo
B34e AANADLY
A% YA wmw 2uu-°4 ¥z A7 E
4g olgstzz we AR FYL AL
e 3YE 1 e d e AF7E $H3
A AR A7k @,
c}@ 4 3¢ A2 # g0 B2
gg5x Rahx FTE2YA Y
g otz gt

By

2.1.2 Energy efficient C—-dump Z{t{ g

ERER:

Dc ¥

Ve ==
72 -
Q.
g _j_c
Q1 Qz Qs Do T ¢

0% 2-2. Energy efficient C-dump ZIt{E]
Fig 2-2. Energy efficient C-dump
converter

33 2-2% Energy efficient C-dump #BE 3
etz ok AeRg sy o B2 299
tole=, BEARAIY ajn A Fo FE=R
E27] tolort FrlEHE FRo|H
ZES PR FUo od EZE Ao glo]
FAF 7/ MeHER A deds vt
AR 293 uYnbtolxe] AJYAHAL 7)E9
C-dump AW EY modified C-dump AW E A
TEFAG] 26CV)Zt AEle Aol HE 1)
(Va)7t 2222 AW ZYdLAdd = vES
2494 F e FEE Ad.

T3 modified C-dump ZABEldlA 7153= &
x|z "”‘42«1 FHE 7S o= BER
2 2y 9L 83 248 5 P
H Y B2ElX Avige vlus] & o 43
A7t volrz A9X &4 ¢ —’r‘- E}
T3 AT 29X Zze ddE AdE FE =
o]y d& FA3tol 3tX gk, Energy efficient
C-dump ZWE e A% g 294X7 glez=z
2E A & F U3, JHEE 9 F Uth
she]l 29X E FTE source BAE FAI=E
Add st AYez 379 =goly ©&
A = U dFde2E HE 24XE F34A
7171 1% 7t 3|28 FAs|oF .
d¥t C-dump ZAHE S} vlus) & of g Qg
BHel Adgoz 327 gz #ug & A+

lr;g

UTh 4k C-dump AHES H¢ AL FHslA
AolE & QAT Energy efficient C- dump A
HE 9 AS FHAAA 7t5dd AE Tk
A FEE 4 e Aoje U7t o EREHA
FdEHEo

22 XpsXtel 2icjojjolg W2zt W& SRM

AA7AA AFe AHgHE AEVE AF AE7
U ARG eV gol ASHH, AF b
Ao EEc 2R REH, A9 ¥4 4@ § 2H,
29 J= ¥ ¥ ¢@8o2 AMEHT °‘E}.m
dtd oz AFEe Frdoly Wz Wez DC
AE77 F2 AL Hu Jow, e A7)
e el E¥8Fol gAY, FTEAF
71E€ £ 9 W 250WHo] AEET

g 2-3. etCiofjolg W2t =
Fig 2-3. Radiator cooling fan

g 2-32 AFAY ZSdeely Wz #E 2y
=t ¥ FR= e E-9 :l““n—"] 44
HA FEEF 7] sty Hde] & 538 W
ZAA F= FAeltt, FEAdIHE ¢+ M2 9
Ztre] 2EE A 943 2Ed =2dd 4
zh Mol B H3A Hi, o' & o]E HoiX
W Wzt Wel zAe] AP

SRM< 6/4F¢ AHAEF71E AEs4931 FE8L ¢
3 Ao)7]E 80C196KC Micro-controllerE o]

o EzAAE AT 29 2-4= 6/4 29X =
42 HEre gz E BHoFEL

38 2-4. 6/4=2 AR |E EEHEHA
TS7[e| Sz
Fig 2-4. A cross section of 6/4 pole
Switched reluctance motor

- 950 -



42 ARyl 43 ¢ 2 ede, He
717, 4 A8 aelm £4 A A% 5

1% 2-5& EMI/EMC A3
N OBAY Ree AAMFAE Y
A 71715 BAT Ak

Aol 339 74 $ES0] APHoz AL o
Astel, g 71719 s FAE dosls EAE
A2% 4+ Ao

JHER AAVHoE AEE AARBIE BE
of AL ZASE Aol WAt

Electromagnetic
Compatibilty (EMC)

Electromagnetic Electromagnetic
Emission Susceptibility
4 :

Coadueted

Redlated Radiated
“I s'":c"'s‘:’""’ iSnuepﬂbllhy(RS)

| Bwmissten (RE)

Differential-
ode

Common-Mode [
Compeznent(CM) |

M
Component(DM)

2| 2-5, EMIVEMC A& E58
Fig 2-5. Classification of EMI/EMC test

I% 2-62 AsAPIAY EMC FAITE 728 HAFTh
AA A= AHE  CISPR(nternational Special
Committee on Radio Interference : =#| T4 %3]
EddE)dA dnste WES FHE 7AS
AR dt. oA = CISPR 73 wE =
W KStAE AAstE AARAHTHZEMOANE S
gk Ut

E =FdAd+= KS C CISPR 25 #3 & #Z38
SRM, BLDC z#lx DCHAF 71 tist EMIAE
33 ok

to &

11451,2 EEC 95/54, ECE R10, VDE 0878
1004 USA BAE J1113, J551, MiL STD 481D
#12, #25 #3 |nsnesde

CANADA |CcsA C 108.4

NIANEAEY JAPAN [JASO D001

Jl Et 3t

= L]
ML:D2RGBEINEY
i L]

3 2-6. ASA M JH 7FH 7=
Fig 2-6. International standard structure for
vehicle

KS C CISPR 25 TFACA Aldd &3 EMI A$HX
= ¥ 13 2o

H 1. ASA ML FBR|
Table 1. EMI limited value for Vehicle

SPEC Frequency | NB Limit | BB Limit
015~0.3 MHz| 41 dBuV/m | 63 dBuV/m

CISPR #25 053~54 MHz | 34 dBuV/m 35 dBuV/m
class 3 70060 MHz | 24 dBuV/m | 24 dBuV/m

NB : Narrow band, BB: Broad band
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Fig 2-7. 3phase-overlap waveforms and dump C
voltage(1000rpm) by Energy efficient C-dump converter
(Y& : A V, X&B : AlZH(sec))
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Fig 2-8. 3phase-overlap waveforms and dump C
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(Y& : A, V, X& : AjZH(sec))

- 9561 -



¥ 2-99 o] WiEHAE o8
AEAQ 2 AvWE 18n WR}Z TS,

Axyxolz2 ZHAHL Y3 LISNS AFE dig
Zdo) 4233 DMRNE o]&£3ld dAd2E
3 Qe 28 9AE A2g9EY BArld
Asto AF79 R HFA AloldA A=
Be FAHAEAA(Stray Capacitance) BEFH AF
718 FEIFE ZAHEHAA LFAHE o2 A
< FAsATh

Battery
(12Vv/80ARN)
| dpomens

Spsouum
-

a8l 2.9, FMA] AjlAag A
Fig 2-9. The overall block diagram

A3 AH&E JAF7 e B 28 2o

I 2. HEol AISE MBI H
Table 2. Motor parameters for experiments

2 T 3 [
z e 250 [W]
Fd &= 3000 [rpm]
IHR FF 6 [3]
Az F£ 4 [3]
A A A 3 0.02166 [§2]
AQ Ay > 1.332 [mH]
Ho dgE A 0.241 [mH]
2R3 25(6;) 30°
[ 33(6.) 32°

a¥ 2-107% 2@ 2-112 AEdelAd] FLUsHA
AT By 9= AAANEY FEHG Yol
Modified C-dump ZWEHAAE EZ AFHAH
Aol <AEAQY 2uid  24VAA FAHFHL
Energy efficient C-dump ZAWEA= B AL
o] 1ujel 12VEY 7 & AeR FAIE 7Y
£ E F Ut

oy 2-12& AvgHe EEzX e W w@E &
T iy 589 HuE HAFEY A¥2 AFEE
AR AedA £28 W3 AFIHA AY B4
718 ol&3ld AHE FAHsA E&E FAHIHA

th}. Energy efficient C-dump AW E £ Modified
C-dump #BE Bt} A£(600 rpm)& XAl oF 4%
o] Z&F¢Hel =t FE(1000 rpm)EHAl
11%9] 2&3FAo] i 15(1500 rpm)EAAl <
6% &&ol &}

A3 o2 Energy efficient C-dump T¥HEE H
T 6%9 FE&ol JFT7HEHAUY. &4 dUdS
9= A Ee AGARE 128 23 AAA
Hol Z2Ad" X9 &8& EYo=ZN Modified
C-dump #HHEET} & 588 JdL Ao Algdnh

i U

I

122! 2-10. Energy efficient C-dump ZIH{E{= O[28 SRMQ|
MR SHTE ¥ qump C T RH(1000rpm)
Fig 2-10. 3phase-overlap waveforms and dump C
voltage(1000rpm) by Energy efficient C-dump converter
(YR : A(10A/div), V(10V/div), X& : A|ZH(Sms/div))
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Fig 2-11. 3phase-overlap waveforms and dump C
voltage(1000rpm) by Modified C-dump converter
(YE : A(10A/div), V(10V/div), X& : A|ZH(Sms/div))
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