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5-Level Inverter for Excitation Voltage Control of SRM
S. H. Lee. S. J. Park". J. W. Ahn
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Abstract - Energy recovery in the regenerative
region is very important when SRM(Switched
Reluctance Motor) is used in traction drive.
This is because that to reduce energy loss
during mechaniacal braking and/or to have a
high efficiency drive during braking. To control
excitation voltage in motor operation and
regenerative voltage in the generator operation
in the SRM, multi-level voltage control is

effective. This paper suggests multi-level
inverter which is useful for motoring and
regenerative operation in SRM.

1.4 8

AY§ EA 42 e hge] F43) o FoiH
g nd A3 Axte] mEFssl sbssiA =i,
Aol dtezd2sld g drls, 2HFE 7R
AF719 Mol 23] o]Fojxx gtk SRM it
AT AAZTE FHo2 JHASN, #AVASR, ¥}F
71 B A 1 28998 a8 stn 29 .(1)
(2] 24A= d8¥ex HE7)(Switched Reluctance
Motor,. SRM)+ Z} 4ol E2slo] ©&A}a(shoot-
through fault}ell g8 AP Holn HAFHF Y &=~
E3a EZL /X3 Y. £ 7155 wf o
B, We F2E9E -z o wEE AAE sle
ANAER B ANTEo Ao}

SRM$€ 1EE=2 243 HaMe dddgs 75Y
o] A= ATH(3]. ©lelF FU HE AF T LY
o HEARF AL AT AAYL FAUAE A
A% FAMALE o] B3 PHo] YF-Eol}, oHF
WAl SRMe] ¥ d9e2 A Ayde #
Aol AAE ouz] LFE AEriGdelr 228 5
gov, FARSIE AN FAHE MY duyxe
o ol AFE & gl AW e 234 E A o
o 2% AFAFE e AAE AFrigEn ¢
A7) e dad Jehys wAr) gdol ¢&
ggsitt, maty AEr] g9y 43¢ stelvlele
WA7] Ggdide AAG go) HA £33 B AT
Me A7 2 2A79ddN HBH4F R=2 B14Y
F g AWEHIAZE AUsta, TAHAARNE a4
2 AMY & de 293 P e 2889l

2.2 =
2.1 SRMY a3 dF
SRM& A4z 9@ nPAr BF EFY P22 5o
gom mAA S YEAoZ sHolgch SRMY nH

2 Bhe AEE AN AF AT AEBHL 4
(D3 2

* Dongmyung College

V= Ri+LODL + i—-"%%—’lw 1

9. R:AMYAY, L A998, i 4AF
0= do/dt : AAA A&E
olu SRMe ¥AW~ BeaE A7Hze) YA
7 Hasne gos s, oY e EL

A 4 (DM o] FALA 22 AR AF
o HAR Aol Wy A¥H 29 Azked) ¥HE
o .

_ 1 2 01£68,4)
T = Tk Y (2)

SRMAM @ddx 058 HAME o437 sty
BE u3Ae AR 2% 38 (salient type)lE
dto] gde Aol W3l go] Aoyt HEF dn 29A-
& A A29A-2X AHAA FIAFA thddte
AR 9 2358 &3 9 Eoa T FUS
Hol gk g&atqo} oy

AZ7] 9499 29 1)dxe 4dLde 4 dY
Haol oz AFY HPL ¢UFHLE o] FjAA
@3; At Ade] A7A HH, o|F RS A
Qe A Friete AMET $A A998 & &
A E & slojol Br}h BY WAL AH 6.4 049904
g 2928 & g2 FBAFE YR ¢ + U
o9, A9 FHYge HBAFE I A€ AFGHE
O & g.00M A AHAE & o AR € v
Wi dm, c9 #¥e A3 ART AL M A
29AE & 8o FHoxrF §& Vb vk 29
BE dgex F7} 2 HEI] WS AHH
o2 37 daME 2579 =9 AL 2719
0g 3 &7+ 78 gast Ao

=g A7 g4 FRste 28 1) dMe 4
ANY H J9eize) JFgFow HES) FHRG AH
o] Y& 94T Az xdo| wo) A Hu, °)F
287 9aA b art Fade AFEYG g4 4
(8004 & 29HS & shoob Tk 1y 4HHH
¢l SRMAME €8x Adygde AET YAFE
PG 5 YEF 2 J9& zx] Rt glen, 44
ol#lg =AU & WHEAFE AFr|E AA A=
Ao, 2 A9 s v7} Hol diFez £8o] He
HEZI7E Sy uidA e EaA g @A 28
HAFE A% e ARE F..004 IHEY
o 7% A Pyl 2¥d 5 3

Ade A Z7} 7 % gaFUAM HE7] = 3
wHr] 2= FHAez Iy M &I e
ZA 7} 28,

(1 ;\(__]_%7] %goﬂ’ﬂ 9.1‘31%1-}3 )f}% :?'Z}(amin'“gmax)

- 294 -



°ﬂ’~1 29%-20] ¥ R3S A2 GFo st
2 gt vt Eea 24E 9

Current, inductance

VA DB UC Umn o Do

Rotar Angle (deg ]

(a)

j

Current. Inductance

fotor Angie {deg.]

(b

I8 1 AfA 2 Uz giste mE MAMF Iy
@ 37 g9 )7 49

Fig. t Current waveforms by changing switching-on angle
(a) motoring region (bigenerating region

dl ¥ ARE Fdopy] Asfde 2 73 oA F
£ ARV T0(0o~ O NA 2903 & sted
o @tk ol T 49 BVl £ AFI B
7 ot AFEYA 22 A4S MY F sl 4
FH2E Frlste Ao ﬂ}%«'ﬂ%}t}

N 2HA-go] B %
2 J98 29 9oz o 0}&3 AR 4 Q%C’I ‘Eo}ﬂ
2otk gy £03 AL A% $EE AFE B9
a7l AdiAE o F ojde Ha ,"“E:l/“ T+
0~ O min) A 292 &8 Fitoop P} o
9 7= B7sta AR &PHA R
Al e ALE UMY & Sle AFERE Fokee A
o] ggasirt,

ol¢ Zol SRMelA e BRUH WAL Astd ¥
& ARAYE Arietn FEAF BA ?—031 we Adg
A7ksheE Hafe W A7t w3 ojfoizigon,

I tE 22l uhlo] ZuXE o] _F C- Dumpo]
2}y ‘,’4‘*&@,% Olﬂi?ﬂ FaelME SRME &

He dya A8 & 2 st of *‘*S
AUAE BRAF FAS N AHEehE Bl
¢ e EAos AFI|GAN HREAIA

Roz G YHLEE o] 8= ol w4
o] FAT FAHE TN Hhe HFAY o

o] slof &Y e A dF AW o olM
A g Agsteol drp. o2g WAL o] HFE
8t *J%l F7H80ok 39, FAHE JUAst BE F
£ 5 A, ole A YA AFFFZIL
,q S0 2% ZAE7] WEolth oA o2 g
TH71R BA3 e SRMAlE AgskA] %84 =

w

ul
3

A,

er’.“‘_VL
EO
My 0 o

om

2 A rlo

£l
’ rlor2

N
N
Y
re
-+

g2 98 M2e FEEz

SRMTE3 2 A%y € Pdr 99 FFAA
A Az o8 AAsolol @t HEr] dHd
A PEAF A A7 990M HEHFY A
iﬂ} FYHe AL dgu2g sty Alﬁxmol 3

A Bt gebd FEAF FRA w2 Age dA7
FholN 1 2ol ARHE dHeE FAFY °39Ml
A ARe. gebd 7E dRE AEHD e A
27 ddoa e qdAzAcse HAI|GGANY )
Z27& ARV AE3 oA 2Rl

2

Voo e Vit

iph

Ve -
Von Vett
=Yg [T T s e |
i i
| i
B £

gl 2. -3 of AT etAo]
Fig. 2. b-level excitation voltage contoi

BEAF 232d e TH7] 9920 A7) 9
o] AzEAAe] FhHez 2!-711 Hrehe 7‘*%-71‘33“i
dlrel azzdel FHstE TH7] FFlMe &

Ae] AYgct. EF B *dvs’r & o] Fo& 051746}7]
Ag gL Ak 01/}5%: o] ofvjel xgrlel o7
HAEF L ALl °17 2 F UEE sojok &
o oolel 2o 2dE Yy AQ FEH=Y A
e 29 2% 2o

Al

- de

a8 3. SRM IR EE B S-slY eiwE
Fig. 3 . 5-leve! inverter for SRM traction drive
olg} g 2AL BEIUA BAY) R AFH
e A% we AT BAEAE AT ddAYE o
/} & & =g H2e 4%%}%‘% o] FzE 8/6%
ge ’z 2939 FHol w}l*o'm Fe 4E F 28
& 23 E FELE ALY & Jo] 29X E H2
% 9= =yt "o o ilioﬁxic gt

3

S

C-Dump® 28 dzbdstel 2718 2944 44
AYE g F A)\M'“ 2B ”«] FaMAg 2o
AAALE "‘7} g ¢ Y F2E Hejgle, dEY)
g9 4 m"*ﬂ"é"’"—i S2te) AE3 320 B
Z+ ~9xel & oxq wWE THIR FAL 4749
B2 vy 01 49 ¢ gled, 24 Bzd g 2
B 0¥ 49 2o 293 Que, Qau. Qup?t &8 A%
v 2aAge] AEAdel sbEs, 293 Quu. Qap
7t 28 ASE AgAge] AL A7HE, 24X

Qip?t €8 ASE tole= D;DC’“ o AFI=7
FAE 0] F(zero) A Yol FBAMN ArtErh 29X 2
27} QEFW tho] X Dyp, Day. Dapoll €8 H2t
FAHl ARG g EFAde] AR ArbEH,
284 Qo7t ¥ A$E Fo AdAYY AAAed
Sibga20=1

- 295 -



o] 329 F&AL AYAYH} C-Dumpd¢ F AL
LB2HE 29X Qoo o3 A & e 2t 5
o, dAGdd e 7129 C-Dumpd 2 @ oA
dgo] A7t FAHAE HA7 9 FHFAUAE &Y
o] A 202 YT = Qo

a3 58 429 Qddx Zzsdg Jehla gl
o, 2% 62 AWE FZd & AEYo)d ARE B
qF3n Yot

@ A=Y ®) gag=V,  ©aae=0

@ gng =-Ve © 3s =-V,

03 420 EXof Mg 2t 1S
Fig. 4Modes according to inverter operation

018

T I
yd \\
P B pmm— A
§ ot — // BN
2 0w //// NN
N
10 20 &E 0 50 -]

% 5 egea z2y
Fig. 5 Inductance profiles

3.8 B

FHe BE FF FETANA AR AFE 9
AZAAYRE A E AR FUM AL o) &
Ak a2y o] A BAGdeA DHALGE Ao
= © o2 g i B AFoMe ol wEe B
g £ =S HFE7] 2 TA7) J94N HEARS
TAY ¢ e Y¥E H=2E Adsan, AU E
AfF oz AT 4 e 293 WAL EFsP

o (Nt

S gt

#H31gs

(1] B. K. Bose, T. J. E. Miller, P. M. Szezesny and
W. H. Bocknell, "Microcomputer Control of
Switched Reluctance Motor”, IEEE Trans.
Industrial Application, vol. 22, no. 4, pp.
708-715, 1986.

(2} I. Husain and M. Ehsani, "Torque Ripple
Minimization in Switched Reluctance Drives by
PWM Current Control”, IEEE Trans. Power
Electronics, vol. 11, no. 1, pp. 91-98, 1996.

{3) C. Wu and C. Pollock, “Analysis and Reduction
of Vibration and Acoustic Noise in the Switched
Reluctance Drive”, IEEE Trans. Industrial
Applications, vol. 31, no. 1, pp. 91-98, 1995.

- 296 -

0
I
§ °
hd
§ 200

400

200] -

o 1A ag 008 0
TIME [wec]

(@ 2A7tde (A%

an

TORQUE [N.M]

3% 6. AlEalolMd Hn}
Fig. 6. Simulation results




