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New Overmodulation strategy for Propulsion system of the Light Rail Transit
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Abstract - The traction drive system for the
urban transit Rubber-tire system is described
in this paper. To control the magnitude and
frequency of the output voltage of induction
motor transiently, the vector control strategy is
generally used. But in case of the traction
drive system for the railway vehicle, it is
difficult to use the vector contro]l caused by the
one-pulse mode in the high speed region.
Therefore, this paper proposes the control
strategy combined the vector control in the low
speed region and the slip frequency control in
the high speed region. And also, the
overmodulation PWM method is discussed to
make the change to the one-pulse mode softly.
The performance of the proposed traction drive
system is verified by the MATLAB simulation
results.

1.4 B

Fstd dxAle $8¢ a% FReRN eRFY
2)8ge] oj4sold Ao, zev, FHAR Ede A
Ee 92 HeliMe G ddurt Lo Eo A5
a2 &9 A HAE FANIE 2AE 2
mebA, A AAAY AA SN A=A wFF
FZBAN FAH AHuE Eoleie SR HT
2% Add g Bol oAz Ut 4HE
Foh A 94 we o) FEES 42 34 F
€ olf2 AFAE FFHEL Sy dte=

2 tlo

J

20
o~

g °f
i
38
o

o AMgEE AdAErle 52 YUY &=
] 87s e, o] Bl AFIA=E Aojsts] 4
AQAE7 HAo wel chFd Ao Alxge] A
THIY. AAFEIIZM f= AFVE Aojste Wy
oz YFHF Ao} Lo Yoz AgHo]

aet, o] B2 Agrle £4 AFd £4 E2E
Aol = Q7] W& 53, nge] X AN &
A9 Aleld £3ez 8 S=rF FAHE AL
A A ZHE.(1)

ole| g BAE SESY A3 NLE HAuA] P2

=HE7E AFAE7IS Fo] A&%E AFYS Eay

AHE 5Y3oz Ao std ¢AH EA
S AT AAAEINY €A B Aojd ofF

&g Alojrdoletn ALHAG (2] 2evd, DCH2
1S HAZ ol &3] A 182 REdXe 84
el #A7F DCRAAG oste] FRHER A
A7l 93e eNEeR AossE se Je Ao

]

Sgn Noko)
A AR
of

i

> 2 ofo to o
f
}

Chungbuk National University

o ol ALEE 4 ¢t (3]

g, B dFeMe olide adE A4dsrl g3t
o, £A4 Fo] W A&dAe HEAE AHEIn
a&dE 85 0S AoE Algdte EFA Y
& A £3, 192 2oz Rogd AYEEE
&7 g FEz 1YL AAGnA Bk ALE Ao
718e MATLABE ©)&3 AZdol4dn AAES Al
skl A8AE IR

2. dyuEsEr|el 74 % HY ¥a

A% AAL MC1l., MC29 2#84ez FA4HY ¢
2} Zol A HEVZE 1748 AAER, VVVF 9
g 72 A 1709 elElsl 109 JENE As
101Me) Faoz A0} itk VVVF Qg9
J2xE Fig. 13 2o,

N E

e

st

i
i
{
t wwVF INVERTER 80X
- [Ny
- n Y e 3

v :
i
}@
¥

t}iﬂsﬁ)
Fig. 1 Ap|RAIREA FEAAHMS F 2%

A{EEL e ZF 23 $54EL 4F¥ 1 A
P37](HSCB : High Speed Circuit Braker)® Zzh
H&715¢ A DC 750(V)Y sHdAgel 4 AdHE
¢} DC linkee] TFEFED Aolrle ztzbe] ALAEY
2 MgRog Ao}

AL L 37 £x59 3w e 1Y G949
74 BEYE G4 A 50| gich wabA,
BEA FABT opet &Y 9 B4 G A
oj7t me oAl g},

Fig. 2= 3% A% £%-E3 E47 1o @&
Ag, Age FHE HdFn Yo FEZ 9F, F
A7 &5 olste AN ¢PFHAFY EIAE U4F
A KA s A Fae] vE dF A AojEe
V/FAlol & 8 3tct,

- 194 -



HE3 29 Faw g« | VX1

&3

E I (kgl/VVVF}

QeeaY
xm}i/i L owE D N

& (km/h)

HR(A)

Fig. 2 £x-E3 E4

328 9NE AE71Y vAAge] Fuz @ F
oA #3458 FANA 22 Lala, ool B A&H
FE s 90 28305 ABEIE oA
YA S8 B4F90] AgET o deloy £a
& 29 Apol whlaste] oo,

2.1 e o 71y

2YAY) HFAAA A58 ASFANE AL @
A EZANE A5l UHAE A4 A A
ot AR &AL FAste] Aol A WA
% AgsAT. Fig. 3& AUAREr] THA~EL
A9 WAl BEEE BT

Fig. 3 #H Hol 28%

B3 AR A& APGA e A HFrle 4%
Fig. 39 ¥4 S42 uidte 2t &2 wat vy
AdEr), o] Ade @o2RH FruFre AH
A7 AELHNE o] g3t EAE AfF A&HE AR/
NP E dojdrt,

AR ABAe g=dd A7s vwstd g7 F7A
el M PIAR{ Aoi7|2A Alojew, FLF g 9
shod Mg BA Aoj7]1E o)L, FY] HEA HE
€ AT A A% AF mdy A 2dE 2
FE AE F4 PP ARSI (4)

712 EAGANN FEE Fig. 39 Ao7leM H=
HE FAF e FAF AIE A8 PlAIZIE A
Atk PIA7IE AR &8 47 Vi, Vit 348 ©
&3 2ol & £ Sl

vap = K(i%—i%)+K [(i§—i)d (1)

vaw = K, (i —i%)+ K, [(iG—i%)dt (2

H] 2t (Decoupling) A1 & A% A% 238 (Feed-
forward)2 ©g 43} Zo] Jeld 4= gt

Vasy = Rsi,j;—weL,liz; (3)
Vet = Rsi;;+welei2:+weAfl: (4)

@, i L is d, gF A AR
A% A% d, 9% 2AA AF
v, G AJZ%ez QW AME Fos
.. L
L : LS_—L,_
A 4 (1), (2)9 PIAlZ1d &8 4 (3), (4)4
ALy taia HAFHo2 PWM(Pulse Width
Modulation) 9HERA AF7E AAA . =,
FHEAN AR HA = g5 22 4oz & F g,
VE = VapitUay (5)
U:: = Uasm""“as// (6)

2 (5), (6)F 2ol FAY d=F g2 AY A
b5, vOE SUFBE Aoz WBHOE 2 FAS
ok 3] HEo] A 27 Vo AW 3
& o WEE0] ALY,

2.2 £@Fus Ho|

ZANAF e £57t F78le 1 HAH X o]de=
ZxsH owEe ZEAGGE 182 R=E AYsty
Ay AYL ), 19~ 2= FEE REdME
Ao Z71E Ao = P& FE7] w R AAH
oz WMEAAE P& 4 gA "o,

wata, o] JhdME FHTIHSF AR ¥IEY
ZAAAZAE Aol A Bd. £RFH44 Aole iz
Bz, & WZg(Modulation Index)ol 0.9070]74<]
HEAA AojslA =9 2 Aol BEEE Fig. 4% 2
o}

aFdA BE A Zo] EAL Aoje Amwd E

2 AFEZ PI Aojdl o £8ALE £YFHTE
2R se g A4 "gd.

Bl

0

Torave
radaranc:
- 3
@

Tk

Fig. 4 28 Fu= ol 25x

- 195 -



Hzoz 2d%c UMHY Fu4E sPFR4
4871 Fasel 9§ PlAoZS 28%e Gt &
2 % 3t 2YFRGE A& FP2RH de 33
A& 38 AFe APAN2REH gL e Ao

2 4L 739
L, if
wg= R, L, : T?; (7)

=Y, FU8L AT ASG A A5 FHV|25H
FEo. o we A<t Arle dFF V/F J1EVE
ZFe 47|24 24849.(5)

3. PWM Hoj
3.1 84 Y2 0|88 SVPWMe +&

Azts vy PWME T3] ztasixiw g A
g WzAF7 78.5%2 AFdHE wid, e
PWM(SVPWM)¥4 & HhAgh o888 &Y &
UX T 2 TPo] BFste @] gtk watM, B
AP 2 FEol HFEa 71E PWM ¥ 244 e
EHAHA FEo| /e FAAYGE o) & Mgt vz
41§ o] &3 rh.(6)

3 F7] el PWM Waez e AgS 29
3l7] YalMe 20t 293 E 3l FEF 2938
Fe FEo] 243 2 F 349 "I BF Onol
HAY 2% Off7F e F8& d99Hg dn 28X
¥ BEL fEdYHS @

Gt 2 R8-S 349 Rart 2523 )
WHED BREEZ FAEH0 &¥HAYN e 4TS FX
2et. &, 4% AYE #9ste #¥L Fa9Es)

A7tE & AlFgeltt.

Ts

4
w

Fig. b 4 HeH(Vsn)

A 28, Fig. 594 V,nge arle # A
o dalFAY sFolx fANME e A7} WA go
22 25 AYe 27E 2de A& € F U
FARY 2L L o] FARAY(V,)E %A ¢E

Fraje o} Zzte] wWizwro] geizinh. A
ol wat WstE A AFA= FAgol &9 g
29 2o

Ve = Vit V,
Vie = Vit Ve (8)
Vo = Vi+V,

$EF $AALY WAE Fig. 694 ¢ & Yol
0e A3 2

5= Voax (9)

SVPWME #EMEI AG ME F7l9 F FY
A et webd F A 9N, HaA9 Aot
g9t & thed 2o| 7¥ + Yok

ax*+Vy = —(Via+ Vi)
(10)
v = _ Vot Vi
AV = — >

A 4107 o] 7 FAAGe = EAYS Fd
A H9 o3 Zo] 27t ArtHe ARE 7E F
ek,

< AldA
Tou=— ‘;dc -T&% (11)
I AFA
Va.n L
Tldz Vi - T+ 2 (12)

Fig. 6& SAAY #z44 pwMez FEE di
27 e pWMAe 34 PWMARE Algdoldd
Azlo|t}. Fig. 6(a)e 99 ALAHA < 2 vy
SAAYE 7 F e AR U TALLE R4t
222 Fig. 6(b)e & 49 PWMTE ot}

H ~ Y n
‘e e o 5 e * Tan s 32 iDe AEM Lma
T

(a) (b)
Fig. 6 32+ae PWMYA9l EXetn PWM Ty
(a) MAX|Hx| SAHY BHY
(b) 34 PWM ¥

3.2 EHYES o|38 Y=

AeAEe Folz JpAALE HUd AL 93l
192 REg AR &£} ¥ ALdgere ¥
Aol wigr] PWMEHE ol &3ld AF7E 75
F oy, £571 FrEo AdAgE £ &
£ 192 R=2 AYsA g} v F7] PWMeA 19
& 222 AQEe AFoM ddFez Az 2
34 @

B dApde AP BAAY( V) & B8 A
28 ZAM Vo Vi Vo) E 083 B JIYPS
AHg-3ta o (7)

g AWE &8 AAUY(line to neutra)® 712
g @73 9 ¥EASE MIie oS3 2o g
o}

- 196 -



- "
MI = m‘ (13)

dutr oz SVPWM 7[gez 238 & Y& 99
< MIZE “0.907 744 7hssith, MI 7F “0.9077014 Y
A4 d3te 2YAYS 2837 98 Az J)yo
AMEE B MIZF ‘170 59 192 227} AzFgo. o
Az J9dMe 99 13 99 29 F7R d9e=z
oA, 7t dooire BAAEE dyel g2kAn

Az 99 (0.906 MI 0.956)dM e FaTe] B
ARG Vo) & A7FEI A2 EAQYE BECD
Fig. 7& ¥W2A4$ MI = 0.95104 FAZs= 4wy
€ HoErh ojRAL AY 7Ede ;e A7 g8 B
AALE A AS et

Fig. 7(a)v BAAgs B9 449, 23
BRxe] FAAGE RoFEY 2AARY @ZVE Ml
o wet dekx 1 3v)9) ¥WEe Fig. 7(c)dM v
BBt Fig. 7(b)e 248 244¢E g wo
ZA5 a0 B AALE HoF)

Az 949 (0.956 MI  1.0)elX& Fig. 8(a)®
2L HEozs BAAGE BEAET o] WL B
dHe EXge =V HuAez AY +v.2E
Hete EAYGES B Welt

200 — Compensstion vohtage
--- Offsat voltags bsfore compensation
mpensetion

—— Offast vohage after cor o

0.008 oo 0015
time

Magnitude(V]
o

(a) &4 Mtat B4HHMI=0.951)

— " Ahter companaation
Y [--- Before campensation
\ —— Phase voltage after compensation

Magnitude[V}
BsBbs. u8BBE

0.005 om 0.015

(b) EMetnt 4XAMI=0.951)

Magnitude[V]

¢
091 0915 092 0925 093 0935 0.94 0945 095 0.955

M,

!

(c) WEX|aof cfdt 7ga Mool 37
Fig. 7 2= 7|9 - &9 |

=, Fig. 8(a)olMst @o), EAe 2707 wAA
gE & FRANE + V.28 A7k, E3AYG B
o e FANE - V28 FSUH2 Arksel F
WY washe At Fig. 8(b)t 24 EY
3 By%e FAY, 190 BAEY 4AYY B
vhetieh,

-~ Bufory Compensation
t | {=— Afer Compensation
.] |—— Companestion Vohage(vcomp}

Magnitude[V}
E &8 .88 6

Magnitude{V]

FEEEP LR

D.005 001 0015

(b) ETUD YHL(MI=0.984)

“hT ok

o |R<

096 0965 097 0975 098 0985 089 0995 1°
i
(c) Mioll w2 RAHHeLe] 37
Fig. 8 mpix &9 |

Fig. 8(c)e E3d¢e A7E MId wet 4% ¢
FAge] A7|2 dwisied A vEhdch

olg} & iz HYE AFdes oFst dx Al
Aol HdaiA] ot fAE AlxdldM FHo| Hrie
el it

4. Nsdojd 23

Fig. 9914 Fig. 137k ¢4 4489 WA
9 9 FuaF AAE HEIm, PWMEHLZANE
SAAGE o] &% T oA WY PWMHA & AME-3
o AlEGold & AINE HAFo AJgHolHdA =
dad A9 AF7E 200kwle #x AF7]o et
HE 2 HL43Auch

Fig. 99 Fig. 102 A&HE AHY EIR M7
ARA @ BES HAFEG TYAEH 2AEHAFT A
ey AGHor LD Yk FFE FGGA
AL MF] glZo] AR Roeg Holgd, oL 1Y
2 gddog JdojrtaA A 9 #4ARZ AT ot

- 197 -



Lamde
+ _»

st
o ¥588

Fig. 10 =38R X|¥x|, E3¥F, Hojes

Ba AFe AY AoR=e wisia] ofzte) 2lFo
VAL, Ao AFAE & ¥ Y S B & Aot
Fig. 11€ A4AE7d 2WEAS ZW‘ZI HojF
o, B AFA wet By £33t A g &
FEYE ¢ F A

Fig. 11 E3 Xgx|et ¢4d €3

el 2FeA 2AE9 Zart dojve BEe] 18
RS2 oty Adely, & 23 gol R=yA =
HEsle AL 4 5 Ut

Fig. 12& ZAQA %719 $E=RPM)E Ed &t A
Eyojdde e 0.4%2 ¥l Notch On sgioem, 12
29X Notch OffsiM B8] 2= Wi},

Notch On ¥l B2 Hul9 #zx~d Wig
ol7] g8 2% A% Jerkﬂﬂ"’?ﬂ}ei JNENE AR S
I=E SERT. 2N %} UKol AYAEIY
&x7t 48 S8 B Alq.

Fig. 12 &7 £=(RPM)

Fig. 13& ¥z Rcooi 182 Rcg AYse
Z%E RAED. 1894 (a), (b), (0 4z =4
Z Rz, ¥z Re 185, 184 REE AJE o
o] PWM#3deln, 1 e PWME=9 FAHFE Ve
Wik, &4 FEOAM AT? FHRC F=HA A8
e AE E S U

31 -4

amml
N A x N M " "

B2 821 BR 821 €M 825 8% B8 828 39 83

g o d
B2 821 B2 85 82 8% P% 62 BB 82X B3
54

BZ 81! azz 8n 824 BE BB 8.27 EE 83 83
t

(a) 2= 2= FIQAl

— & a4

8 88! BEZ AE? BB4 AGE BB 867 868 859 87

T 85 855 a6 HES
4

£

88 B8 Eﬁ? EIE 964 Bﬁ ass 867 8656 355 87

(b) = 2= FYUA

2
g 4
9.15 915 9‘7 918 919 92 92! 527 923 92‘ 326

Py Mode

(¢) 1 Ex 2= ZYA
Fig. 13 2iix B S5 Y
(AY PWM THY, 4XF, BAEE)

5. Ay Z1

Fig. 14& Axd 3 IOV&ZH NB g HoFgEr.
agel $& RFEE a9 985 J3v8 FAIN
23 9»1 o, 3% 2E2 27lel 34 aulE FUE

2 7AH g B AE2 AF AP A8E 4y
%Eﬂ%ﬂ% AHgalglen, &YFus AolE 33!?5}9&
o ole YA FA AARA S A2HI Hee &
Ast7] A Foltt.

Fig. 158 Fig. 16& 750(V)el 7HdAtE A7k
Ao M FAEI JAAYL & Aol o] AR
Me HAEX AFAE sen, 1892 99744 Fa
glo] Adge A& A4 4 AUk

FHHY Al PP AP L A E Ao F
&3t Algaor & ot

- 198 -



Fig. 14 FTHoiFxof ¥

oC TV 4y A ST
ST TR

FEET RER e v a0

$2AF S

SAYF ¥ IR

&9 4HF D

Do HRN RE(W dradisecidiv)

Fig. 15 DC 750V, H#AH

L g i & ! :
B mORE LE st vy sy

WE FEAE T TV

T RE RN

WY TR o HRBOA/IV

#2377 ROS0AIY)

MBI wEiWr e d0rad/sec/div

Fig. 16 DC 750V, SIMAIE

6.2 8

B dApda A% AAE FAA AR AAE %
FEA2d2 Bt AJQAF e FFFoEee < 3
Hlo] Wea Bese SAYUAE A1 e EFE
7Rz g BFAEE olddAM FHE ARAgem
442 Aol drz FHze slgo] glojof &,
182048 Aojx o F AJAFIS FFA
262 g £ FYdME AT Fa4o {2
& ZHo| g},

wehA], B AFA East Ao dFAE A%
e Qolel 1 FhdMe EFAAE AT Y F3
FAlol7 AiEAn, A EAGHAM PWM W=
o didte A9 A MATLABS ol &% A&
oA 9 AF AHE FAAAAANE NEdd LA g
& ANES BHEEE gFsact

(& 2 & 9]

(1] H.J.Schwartz,R.KreBe, “Implementation of an
Advanced Wheel Creep Control with Searching
Strategy on a Light Rail Vehicle”, In Proc.
EPE’97, pp 3.434 - 3.438., 1997

[2) D. W. Novotny and T. A. Lipo, "Vector
cnontrol and Dynamics of AC Drives”, New York
Oxford University Press., ch. 7, 1996

(3] Yooske Nakazawa, Shin-Ichi Toda, Ikuo
Yasuoka and Haruo Naito, “One-Pulse PWM
Mode Vector Control for Traction Drives” Power
Electronics intransportation, IEEE, pp. 135 -
141, 1996

[4) P. L. Jansen and R. D. Lorenz, "A Physically
insightful Approach to the Design and Accuracy
Assessment of Flux Observers for Field Oriented
Induction Machine Drives”, Proc. IEEE-IAS
Annual Meeting. October, pp. 570 - 577, 1992

(5) AAE, s, 457, "deA8 A& dAga 7
T Az AW, AgAAEs =84 A6dA A2%,
pp.125- 131,2001

(6] Dae-Woong Chung, Seung-Ki Sul,
“Minimum-Loss Strategy for Three-Phase PWM
Rectifier”, IEEE Trans. on Ind.Elec., Vol.46, No.
3, June. pp. 517-526, 1999

(7} gdg, 4FE, ZALE o83 SVPWM AHE
Bz Y, AddAtsy =84 A6d Ali, PP.
90-98, 2001

- 199 -



