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An Optimal PWM Strategy for IGBT-based Traction Inverters
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ABSTRACT

Traction motors need high input voltage for achieving required tractive efforts (or torques) despite their reduced sizes
and weights. But the lack of input voltage occurs periodically due to some unique characteristics of train power
supplying system. Therefore traction inverters should use over-modulation PWM to maximize the voitage utilization.
And IGBT-based inverters can use much higher PWM switching frequency than GTO-based ones, which resulted in the
need of novel optimal synchronous PWM strategies. This paper presents an optimal PWM strategy for the IGBT-based
traction inverters by a mixed approach of Min/Max PWM-oriented linearization in overmodulation region and an
optimal synchronization method. The simulation results for a traction motor-intertia model and some test results for a
miniature system showed the validity of this approach.
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inverter

AHE= 29 Age] A7 Fu7} ok 50 ~ 60(Hz) Hxo]
B2 GTOAHE IMEE e A3 Fud: mj o] 27] 2]
& FHellA] Ttz 57] PWME #llok 31 ¥HH | IGBT 91¥
He o & 997 w71 PWMo| 7bssith a3y
600~1200(Hz}e] 2913 #3457t 54 AL ohlnz 9
% FY olFo= Al 7] PWMe] Basit) o]de 294
FI7h  kHz o]/do]olr &9 A gdelr] v]E7)
PWM2 sti2tz A%so] BAEE A& IGBT IvE ote
tach w2p 712 Fe g GTOIHEY ARj4 IGBT?
WElohes O A2 g ICRTINE D) ) PWMAR0)
Fdostrh. 29 1) IGBTUWE S AL&3 104M(1
Controller for 4 Motors) & A 2401415 e T}

a2 FeHFE FHE PWM (SV-PWM) 2% 7] 22 7hd
& FGellHe] At o] &8-S Azl stAY | (3)9) 2
FAoR IEE dAdr 182 4 dPdoz Hold )
A% NS A9 gAY T GTO AW
T AT AL APLGolN FH §7] PWME F g3l 5
o] Al=7b UAAIR, Bg IGBT SIME e 24L 1ast
IAZE / 57] BAE BB U2 A 2E A giATh

L =T 2 2% 1GBT 9982 98, 18
PWM dollA FE 182 &4 Jod97x) 2281 A3y
< BAdke ‘H¥%8 B8z Min/Max PWM 719’ 2
600~1200(Hz}e] 2913 Faiso gl ‘24 E7] PWM
718 BT A At 29 AEr| Bt 2 o
Bog AEHoNT Ao} 2ARd S gao g 43 2
I B £ dge] gy e Holr),

2. MYEH 1H=x Min/Max PWM 7|8

AT PWME D8R 288 3= g A A2
o 2 Sk FAAE 9 A7) (magnitude) 7t V. /29

(Vi :DCHA ASH ¥, SV-PWM] 7]23 Ho 27])=
V, /<3 oItk Bt SV-PWME Atzhot PWwMEDH A8
GAX 7E Age @715 o 15% o 295 9tk
Min/Max PWM” £& Hybrid SV-PWM?®& o] SVy-
PWM=E 425} PWMeg 5718 & Hozx) Mg
A 28 A V1EFe Y ANE vaesy3 &8 SV-
PWM S22 SV-PWMETH 7o) zhehsla dak 4
7F A& Aol e, olRL o] 1 7R 92lE By
g stet,

)34 At A% V] (=ab,) F AAIMin)g Hd
(Max)A] & #eH3ic},
(Vi Vi) / 2 5H8 Zhake] Mgt 3ol 4 wit)
IMZE W ABALE (V) new) 225 PWM # o]
712 &g}

Min/Max PWM®] #th g3 2% 4 2248 v
news thi 19 13} o] W22 X3 (modulation index
reference: mi * )% 521 (speed reference © w* )T 2
EHT ¢ Qe Folth MFRAGE 28 HwE) 7)Es}e]
o1& HUA(2V, /) oiv] &3 Atele) o (V)=
FoHug §zAs e 2V, /r o) Yl 28 Agt
HE] 7] 2 ote] HulX] (VS *)olt}.

A IRE FHANNE, WEASF mi 7} wHEHo s
7kt IEAY AHAE 2YAG] 228 R3] A
&= Bol AZle EAZL Qnt, 2w dddew 2
A2 A F R Adaglo] 1 P2 A9 28S Hlo)
WA e} AehE dEsal, 2
(VIEAE802 2o $4y3tel w
HE (V)2 Fghs e 249 oL 4

mi*x = 7 V*[2 Vdc

Vix = (2Vde/ n) mix cosfwxt - 2 2(i-1)/3] ; J=123
Min/Max PWM

TR AHHE
Hoz qre A
1(1)=(2)ell A9} Zho)

37 2 Min/Max, PWMHOY, 213t Rietx(E Al
Fig. 2 Generation of voltage vector reference by Min/Max
PWM



334 BHETLE R $4%5 $ 4% 1999F 8A

17 3 HYHE| MBS
Fig. 3 Linear reducing method of voltage vector
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Overmodulation Region 1 : Vdc=1400
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Fig. 4 Compensation method in over-modulation region I
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speed,3:measured torque,4:phase current)
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