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A Study on the PWM Strategy and Gear Changing Techniques
of an Inverter for Variable Speed Drives on Traction Motors

ok B - kb ok BRT .Ut B omt
(Young-Min Seo - Young-Jeen Park - Soon-Chan Hong)

Abstract - This paper deals with PWM pattems for harmonic reduction in inverter fed traction motors and the gear
changing techniques for the variable speed drive of traction motor. GTOs are used as switching device of inverter

because traction motor is a large load. To derive

PWM pattern which can minimize the harmonics with the limited

switching frequency, the output current and torque characteristic of SPWM and SHE PWM was analyzed. GTO inverter
used for traction motor drive includes harmonics in the output current and torque by the limitation of switching
frequency. However, the hybrid PWM method that adopt SPWM in the range of low frequency and SHE PWM in upper
frequency range can achieve less harmonic characteristics in GTO inverters. If the traction motor is driven in variable
speed by the proposed PWM pattern, 7 times of gear changing is needed. At the instant of the mode change, magnetic
flux and torque may be altered and the large current flow. To reduce such an undesirable transient behavior, it is also
presented the technique for the gear changing of inverter fed traction motor drive operated with the hybrid PWM. The

results are verified by simulations and experiments.

Key Words : Pattern Changing, PWM Inverter, SPWM, SHE PWM

LS
At §5 A7 T AF e nss W o
TEE AN nHHEH L AVHE g dTst @
28 AR : QU fEvete AfedE 548578 A
dHE7I2 3 nLHAdAgel AYHm glo] Fd o 1
£3 AdE golA HJ a8y gozE nHd 9
ALAE7I2 HF7)71 FEHE HEd FAeolng o

of theh d77t dojor & Aol
FEdErle 2 A4S dsted ABEHY Age By

Holvl AMEE HPE wriizte] 294288 ojgd
HEHQ v ddst 28 AAAPFANZA D2 4y
ddzolth ¢ AdE WEY FES 9% AWHE o
BFolz2 GTOS 22 HHg 235 AL A9 293
Farol ARE wr] Wro] ¥E U¥EHY ALEd 1z
% FAZ M o dAsio[l] gebd g AQA 2o
A AREH D E AHE-FEAEY] FELANA nzTe)
2 diY Aoz AWE FHHAL Aojo] AlgE=
PWM 4 9] A7} o]Fojzjol e},

AJAAE71e) 7hE: $dA g8 AvEelM e nzy

ARE $Hdted F742 PWM w48 E83 PWM wale
E# R MBIA BRLAH MR
TIE @ B BMA BEH ME- T
TUE & B MERK F-TA M- T
WEHT 1999% 7H 14H
EHSET 19994 1071 68

) L ANE eHA zEz
Aol FHol goldk SPWM AL AHgs, &
5 %3 R nEHY 42540 F& SHE
EY PWM 4oz
oM Hu 2904 Fops

g
3 AFEHL AL 5 A

-4
off
o
)
al
;
Mo
23
of
N ogg ool

FAE HUHE A A ez
= Fe7] st Fag Wzuy) &L ddoen A
dotejol @t Ay AP AvE ZYALUE S} A
8& A X3 A4 9 Ear) MEsn AR £78
EAANE H=ddst 2ste dgd eHg @ 5 g
2o waM g 2Ag AR £ gls guds o)y
Z

0 X jo U

L

Geb ¥ =R E AAAEI)) A EHFGNA 2
3t A st HgY 4 At Y PWMBAS 2 A
8 FA485 AN, EY EF PWM 4oz $uHe
AAUE7] FEE AWHAA HY AR B B
FHE AT & A= ARIVYE ANSD, AR MY
4¥e 3ol 1 feHe Az e,

X

to

2. PWM B3} M8Fals

AvEl EAAGe) F1B% HR B Fuse) Aojs 2y
dedel TR nES YRE AZAIY 4E 2L 9=



A % glE PWM #Ae g B8 Aoy 293 48
AT Puol W 2A FANE LAY 5 Ao 94
sheh AlofAEE Hlastel A9Y 74 AW YT W
Fohsh AloNe Mn gl 294 Ag AAse e

2 s + ok WERE 2= PWME Aojaze Wi
S sl S Nse wadA A% s wHo
Natural PWMo|2t & a8 o wAs ggael Heoz

SPWMol It} g mieh Aoz el v glo] 293 28
AMsE PWME SHESE BE8= 294 22 0 /)
A5 AdE A%e £93¢ s WAo2 SHE PWM

Sol ATk oleig WAEE AuEY LAFHEe d@ 2
4% FheE A ANY £ Yoemz 293 Fire
ARe 94 wowA AMH o] sHssith[2) ol sl

E T48% AdvE o] @o] ¥&5ta e FTHEEH PWM
(Space Vector PWM)W4]e] glovt dutzog 29y
F7F Folok nxm AP AR AHH Fogrt o

& HE&F UHHY Bl HE87]5 oyt

et dig#Fe S e FY¥F g WE 99

°ﬂ*1—E F#o| ol SPWM W& Algsln, 28Fqs

2 gdeMs nzTe 1 #EAe] & SHE PWM
"o“ % Abg3tE &Y PWM wAog2 AQHEVIE 78§
A AA HGHAAM Ho *H -’r"-J}—’F% WA ghomA
38 nFEg HPEAS AL F £ 7ot}

SPWMol M @ atet 2ot %7]% o] R0} FHIE
RAE F7)4 PWM(Synchronous PWM)elet a1, A& T
Fopsot FustA A4 Fased Adgstg $AAMA A
ste s w¥T7Y PWM(Asynchronous PWM)elgl #c}
B 5714 PWME Faog HERE mp7t & Aol 24
7F QAR mp7t 2 A el e detel AA gk

L2471 2k dEoE mpvh 218G 2He Sl vE7)
2 PWMe &¥Ad9s 120 40 F714 PWMI vz
e q B Aol7h AAT myt 21 E Beoe 2
apol7b wrABSHRA] =vh[3] AV ERZ my b 21ETH 2 3
Mg dtdate) Faeg dAEA e #E7)4 PWMeR
FHAE Ao}

57)2 PWMOog &xAd FAge] AH,
HEAM JA4HYEE )77 i e
Z3lojol B, EHAYe BFX =H{subharmonic) &
AAs7] A&l mE AFoloop tn, FH A Jed &
dv ARALEH SnzaE AASY] Y8 e B4
ojof 3y, 34l & WMo E ALEEr] HEle] my e 39
ol 47} s]ejof gt [4]

SHE PWM W22 digag
PWM #%2lo g A2 3t 1R

A

Hha o) 3 o]
e ZAS ¢

U

ALg-8lA e dEFHY
deol HAF AYYA
2] ‘?:U- 7183 At Aol 5F nzage AAgEs =
g nEste MG 294 oz AMEEe @yeltt[5][6]
/4 F7) JdelAg =94 72te] AN4$+E N.=tn & 4
SPWMe A 8] Fa4 WEAFE mee] BAE my = 2XN,
+1ejt}.

SPWM# SHE PWMo

2
=
L
=

Weted PWM WA so)
PWM @49 nxs 542 wusr 9% 971458
3 ol =Pk WA ABWRAGT m,, FRFAEAS
mysh ARG WEAF mE AWHE AL F s

g

2ot olHE{ PWM W ¥ dHel

HEo)of aet

Trans. KIEE. Vol. 48B, No. 11, NOV. 1999

28 FAY 71 AdGe did 28 HEG ES F

ek Bl g2 A o33 Zo) AHejn
—- Vl max

e T T4 Ve (1)
T 2

a8 1zxy 5EA4E 6z A% #HrigsEE HLF
(Harmonic Loss Factor)9} dHnZz3} A2e Jnsie 47
EadE HgT 4T & AL F2dE7)9 2z
Y RE nzxd FoFdiNg F A4 gddsz ARG
F on nEFHRI A Ao A HHEY
I AR AA nzREFel b#de HLF:E ey 2

SIEEECE
2
SAET

HLF Vi n;ﬂ ” (2)

WA eAFASNA PWM HES wTer) st W%

-

ol nEd A% YEE de g 2ol Aol

3]

d = —thome (3)

Ih‘r'ms six — step

O A \/let

AN Dnims six-sep & UME 7} 62%) REg FTAE o 1
z20te] AEFE YEIUY, Lims = PWM 252 528 o
nzme] Hags YeEbdT F, d& PWME &A Qe 6
2% Red FAYL v nxd ¥ thid PWME
Ae W mEg AR 8gE oudgh 3 Rsile 1
Z3 F£e n2F AR AF HHFnzZ P, g9
BA AE¥n 2802 AF x4 93 &48 Ug
de FrEse die Aregdn

qE71e Eas AFol ofsie wAsixgr Al e
od A ¥tk 1Yz EddZe dEidx Hsrg
2% "ot Ao ExZe #Hotgs 4T+ g
o] Hojgr}[7]

T+ ¢

i) — iy (£)]Pde

oA
A
£

w2

Tmax - Tavg

4T = Ts

4)

A7 A Toarts
LERLES

AWEE AYS FEAFIN gl A4 A
A4 ARR 293 FAE 9 oM eHY +
PWM 9% A8 2348 Agselol drh pWM A
4 FR4E BAH) AT GTOY Hol 298 F3
F9 Ha £ 9T 7, AwEY FAFTHE, UL
s 4R, 2RAF nx ¥ $& nsel v

294 F34E GTOS 544 AWHOZ 100~500 Hz

iltHii Taug‘__ ngfﬁﬂol_ﬂ, TR‘\% A

o
N

(T ¥2 of
X o8

o 647



URAREWL I 48B% 114 1999F 118

el d FAHEZ dPste, GTOY A4 & 703 A4
ex e A%s 94 gt WY Wld A7 Fan
Vaed 2718 GTO &9 Wehg sieisie] ARasioiol o
o & =gdAE GTOY o 293 F3448 450Hz2
CEEE Y
LK

goR @ nuugle 44 o 4re B
1% oo 423y 49

o] A&HE &d Fo+E 60Hzol

3, Hd 4 F39E 143HzolY 2 EE O~ 60Hz—4 T
e AEA d9o °dA V/f &1L A 3, 60~143
Hz8) 770& 24 9922 $£4% 3A ok
E:3 1 AUBEZ(e ¥H 4 o
Table 1 Ratings and parameters of traction motors
1,185[kW] 4= 2,200[V] 379[A] 1778/4240[rpm]
xR Ay 0.0462 [R1]
B \A AE 0.0436 [R]
DA Y 0.922 [mH]
Az} dYE A 0.666 [mH]
43 A9~ 26.58 [mH]

O 12 AEZR 4o vEﬂ%ﬂA A Fagd o
3 2 77vd PWM 998 HEgFa4E el 71 m 3
29 FH5E 450Hzel 2, 2 gn 27h
AA L 9sta] 300usE HASIYG ©F %ax
HEL d%) 2 o3y} HEE HE F34

2% 1(a)= SPWM #avhg 343 73%4 @_Q%JH“— ]
;. 0~15Hz 77+ Wi FH4E 40HzE nHA) )
FE F7MA1E ¥E7)4 SPWMoez £3sl1
15~214Hz F3& my=212 £A80 214~30Hz9) +
e my=158 &A@ 30~42Hz¢ FHE m=98 A
&1, 42~51.6Hz8l F7He my=52, 51.6~558 Hzql F#3H&
my=322 AT Bz gode 558~60Hz e ny=
32 ﬁoy_q d o] 1;] 3o %LO_I:! 38~ HPA]OE Ezqsh:}
SPWM #9 3" dr4 & MSPWM(Modified SPWM)9 o
Fo2 71&5e AVlE FAF17] 48t 60~1200 29
e A 42 289 YRde dyog 7Ba Age me
=1 7}7te] 4& F Aok

Y W) £ PWM 349 4839458 Jeld 2o
2 0~30Hz #7H& SPWM ®Aeog EAM& i, 30~558Hz
F2+& SHE PWM #2408 SHFTH 5714 SPWM 4
02 $AS}E PUNL mp=21, 159 e HA Fo HPy
N, =10, 791 7Z %9 SHE PWM 2937+ Fas &d
g F5 AR, No7b AAE A2937te] dloHE AT
WEEs ol A3y A9 o9 #HIE Bgsimz
SHE PWM$& Ahgsl7] s} w8 m7l 48 SPWMH
SHE PWMzZbel mZst Azre] xolzt WMz ¢ouz my-=
159} F77hAe FEol £0]F SPWM #dg A&dd o
23 30~558HzY T A29% 7o) AFN,7F Heol &
A% 7zt e Wy nmA Gaesin doly Fx FHe
SHE PWM2l N, =4, 3, 29 sigstes deg Abgsisd),
o] SPWM Ao vlgle] sz ApEAe] ¢33 7t

al —r—z‘]—r

:I

rir

648

Z+ 28 Ha)el my=9, 5 39
frAtet g izl mebd
2, 396~ 518Hz?l e N, =322 43 51.8 558
Hzl #+3+& N, =22 $£4%9. SHE PWM wale oz
g 538 + 319_1:1; ¥z g92 558~60Hz FHe
SPWM W43} vbarlx g F9 382 dhyoz st
o8zt PWM #HEoez spid SHAdE HAE Hiho)
dastA doh Al 23 Foso A &) u]F7]d
A FAZ, 218 Ao A 158 AZ 158 A0 A SHE PWMo. 2
Agstoor sta, Ho ox 7 AFuZHY A 9
8] SHE PWM N, =404 328 N, =314 28 H§s}o
oF ot Ea BHZE AL 95t SHE PWM N, =294
#Y JUL2 HEstodor s, Hd L 947 Hdd ~

ﬂ@ﬁh-ﬂaﬂ~%%ﬂﬂw
30~39.6Hz¢) #3t& N, =4

A4g 87 B 644 BEz Austeol vt
600 : T T ‘ — 1.0
2 ’ 15 ; m v’ ’
9 4ol me=21| T‘jl4,';1‘_rm, 4
3 ; ; 9 .t )
2 Asynchronous /| M l
300 | 2 L — o5
=+ g , ; ‘
% . l 1 3 3/W
-
P S S N et
| - v l 1, |
okl L L i 00
0 10 20 30 ) 50 60
LAFAE £,
(a) SPWM
600 - 1 — 10
m, | .° ’
2 lm=211 15 } °r
I AN Y. et
2 | )/ NS4 T3
e Asynchronous XA
;} 300 ’%}( 1 i P
I rd
% el | D\z
: r |
| Pl
JARE) »—~T7r~ﬂ ‘«/-L~4*§~ e ~1
P . ! |
ol i i ; 00
0 10 20 « 50 50

by & PWM
¥ 1 PWM mel X8t Falsp
Fig. 1 Gear changing frequency

SPWM W23t &g PWM Hae
185718 489S o $Ysts A% nzxye E3dF
29 2% 30 detuidch 19 2% SPWM Ao HE
Z:J}E} EagdEs L}E]-vH NoZ ()= HE mzdo] 9
onalE 4% (b EAYE 4TS Yy 64
Rl “}H AF nx3e EaUEL J|EoR
Itk A3 FRele ot 245 dFizd
o EaeZol FAu, ¥ FRAME &3 FafEr gola
FE HF nxdet EdEe] FHeotAE A& 4 4 Ut

Aule] HEste A

L % M mlo r°



Trans. KIEE. Vol 48B, No. 11, NOV. 1999

18 3& E¥ PWM w49 pwMm HHeZ §FEHE

u § TEY AP AR nzne 2308 ygy oo
3 SPWM 443} Mgls o Ea28e mE 7goa oo
z T RNE HAY =9 WA nzve) Ao 9w s
a? 1o Adstne HA dehde g o 4 qu.
08 3. M & Mzl
00 SPWM# SHE PWMe =&3 % PWM woz
e FEHNFE Hus A Y 78 my 488 5
Hatojol g} sl THANE HEr) R SPWMoll A &
o 7IZE SPWMez H$, SPWMzie g, SPWMol 4
= SHE PWMe.2 d¥, SHE PWMzte] g, SHE PWMo) A
3 05 SPWMo = A8 SPWMejl A 62¥] we @ Hd8stn, g
E odf FUN = ol w2 Buselol wn £y pwM wa
ar Z

0.3

2 AAME7] T5E ANHE LWHE oo fum
571 ARE A4 Aojax gam A%l ggn
UE ACISHn2 B 2 go) HYUEI} Aso] 5o
oF g},

0.t

3.1 Ba oy

He dgAols 214 9 E37) MEse dF7F 743
SE ANE HEAe BaysA Hed, ole @ Jrawe)
o TS AR Y= FHAAIE Y dsye H 33
Fig. 2 Operating characteristics of SPWM method Zojo} ghoh. T, 459 £5E szom B dae
37 W&o mag & M3 &% 59 03 zo 9
3 Wgo] MEYx gre 371 9ste slaHA A gy
2 d@sjor g},

™ 2 SPWM 4o s

HE7IREoN Srme g o HEL M4 e0s & o o
Asted BE7IREgA va FTINRER A 5w =
HFEH4 9 At 713 o) M2 s A& w g5 m

o AENHE 9 ggue TH 49 o] wE
2= 164 F7) e 28 Mawg Aol vA wErne
304 BB EHS Assiuy WM& Fose grme
o FaA5e FAsA ¢ 3o AHE 7L Y5 719
dgsd szay e Ha3td 4 9o

AN
Mode 3 ‘}

\H!%Jl/
o DIEN \/f\\

i —TY
\/ 2 Al N /

38 4 H[E7 o)A SIEsge HEny
Fig. 4 Changing process from asynchronous mode to
synchronous mode

LRI |

by
~

TARMS
(b) E=32]Z(4n)
I8 3 2E PWM 49 2HEN
Fig. 3 Operating characteristics of hybrid PWM method

CEUETI S 2R AL eelol PWM W B e H e LI R 649



WYL EIRLIE 48B# 1188 1999% 1A

5714 SPWM Aol A ubgaie Aoje] Hejel mzg
AAE 98 me7t 39 wigrt Hojob ok my 7t E4Q 3
o w7t He 2FAYEEE na/3 (n=0,1,2,) 2
i HYHE st Y £ME FASEE nr/30H Fgs)
A FEay d4e A2 +

E dFolME g $HA 8% 7 HEAEEE vt
&3 SPWMelA SHE PWMoze A SHE PWM
Abolel dg SPWMolM 64%] Rego] ¥ 7473l

SHE PWMolA SPWMeZe] H@F 4712 3 Fo tistd
AEHolH B AFEE YA

A" 2 SHE PWM $4& SPWM WA= 23 vlg A
Ag 293z} oald A93E FHEE wEdw NZE H
s z‘s}z} weth 28y SHE PWM #d o] &3t

7] el "2 =7h 39 vyt HE SPWM A
2 lfﬁy AAWE & FA4 T} N, =49 B+ SPWM my =

.J

9 Aest &F7 W Bx 47 gerzz SPWM F7)
158 20X F71 ¥z HEFE wg P wWRe=m
SPWM &7] 15824 SHE PWM N, =43 H3%¢ F Al

o 2822 nxr/3(n=01,2 -
ot B i wAol

el A HEgstw 19y
Aud 28 A¥S

o] x{

¥ 5 SPWM—SHE PWM
Fig. 5 SPWM—SHE PWM

a8 6 SHE PWM(N.=4—3)
Fig. 6 SHE PWM(N.=4-3)

‘N A"V‘M“»‘ ‘\"'""WWWWMMW

a8 7 SPWM 3W—6a 8
Fig. 7 SPWM 3W—6-step

13 8 SHE PWM—SPWM
Fig. 8 SHE PWM—SPWM

650

HAZ SHE PWM W4 FoA N7t 59 d& N,

7} ’5} Q BS-ok AGEAY WAe] TR N7 B 4
29 Z%9 AdHEE AH 6-1-2-3->4-59 A
23 éEl; Wl N7 F54¢ 3¢ Z49 dgdee 4
B 3-4-5— 691—*294 EM2 AP 0§ o %
Z Ng=3202 $1#E wef AvEe M-S No=4, 2
g HaRe UH 1804 HAgAE A Ak A 1Y 62
18077 Add dEE Jhe A4 HForAN HF{FY B

o] #Hmr}h 117‘5421%% & & gl

AuA A B9 382 Yz 64 EoE FguEy
7 EAstAl ge visd AU E RAT a9 o
W&ol nx/3(n=0,1,-)lAe & a5 24 I 1
HOR nr/3 B22E ALY FI, 2FgNE A}
7t ¥%d Cn+lr/60A HEIH AFS) Ex 3yx
b Ae) &R @A B

GTO2 "X A2ty Ag wifol J 3BA oz
e F %lb EHAAYE me=10] HA £@g azizz 3
Falel ZHHgte *&’59_1 dste] AfFel &
WAE 7= AR AEY Arr 22
| Bol Aol & 9FE FX Y=k 29 7
6300 A BT HFPoz gy whagol
&g o & ok

HEEHANE &AM #Ad e 2e g
Hesy e dA4E ARAz £ Aok 9 dA A
SHE PWM N,= 494 SPWM &7] 158229 HEx
HE g A3 /FASA HBEY Y 89 e AFH
Eag #x7 A7d 489& 48 4 A

[+

32 T HH

ol AVAE FMos FAUYHET YAHE AP
oA BBstE WEe AT, ARHIPORE B UF
o9 BE wgel APYE BAsAT T Az AAA
§7) FEAelE AoF7IU g 59 GFor 2y
H7b dAHE Aol d#sty] YEch R 0~360° A
A £z AR REBY] AAL FHH APHA
We g TEE WAt A

a9 10~138 GEAENS AL FEL A B
gEte AgaRel QY Eas AR AEARE vehig
o AHe ABA 3F7] EU9 AFS) THDS £ wE

—:%-é dehde d@ste £33 dede E39% d%9 3=
£ g A5 2ol Aasiad
3 FaR=2") _ Al o ;ﬂa THD
HEAFY A7) = wagilé 4RI
WA A7 = qgAe EagE ©

AIRAR =g 79| wAAE

HEM e dFnzss Ean g A71E R¥sr) ds
o 29 99 Ze& FFHFA AHoE Yehidch FHEA
M fEE AEL-S vetda, A % Aitete HEQFS
Hreae AVIE debdd, ¥l o] HE HEAAg



Trans. KIEE. Vol. 48B, No. 11, NOV. 1999

180

210

\\\ ///
240 o 300
270

(a) 8% n=o (b) Ez2|&

a3 11 SHE PWM N.=3 — SHE PWM N.=2 (7t&)
Fig. 11 SHE PWM N.=3 — SHE PWM N.=2 (acc.)

g 9 EHgztof g MTEeEIe HIE
Fig. 9 Trajectory of transient torque with changing angle

TubAdo] Qo] HgF AHelx, HHo] 15 ol4te] H& #3}
2 HELMHo] YF A2 o] FHoME HEHA F=F
gl or o

a1y 102 SPWMelM SHE PWMozZ H3A e AFe
E39 HxHHE JEbd Rolnp, EA AR dASA 2
2 gge QAN AQR¥og 15 vyt EAs=E #x
A AE7r A & ML nx/3(n=0,1,2, )& Hof
Urge & 24 L2434 ¥ed

Y 118 7tE e wAse SHE PWMZe A2 2 N,
=304 N, =229 #A3¥& vetiz Ut SHE PWMIHY
B EAAHC nx/3(0=0,1,2 ) ¥+2& AYs}
A vay g EAQse AL G F AT (a) ¥® nxEu} (b) £Ea2E

I¢ 125 SPWM 39 38294 628 B2 HEAY
AFok Ea9 sx#He vebn Qded, na/3(n=0,1,
2,908 A3 PN E g arly Axst ddste A
¢ g U Bx BAY AViE #Y 3WAE g F
Ade 718 At A7) meo Hdigel o8 AHAY me
7t 1o 717t 5% Rxg AV E Jdehie A=A A
o] 1o} 7i7t9lzch

&N wrAsls SHE PWMelA SPWMeze dAge
2% 139 Ydetddd. )Y EAANHE B2d fFzd4ol
1214 19 A= vjwd 3y EFHFelnzg HPge 2
717 A28l g5t 22122 SHE PWMolM SPWMeg
ol dfte HE st BHE AJSt Aol F
27 HEE soor gt

a8 12 SPWM ZAUIEA — 62 2= (J15)
Fig. 12 SPWM wide-3-puilse — 6-step mode (acc.)

(@ & 2= b) 3 E

3% 13 SHE PWM Na=4 — SPWM 1582 (&%)
Fig. 13 SHE PWM Na=4 — SPWM 15-puise (dec.)

| ae HEAHOZEY A& WY BE UM 2tzte)
Nt e o] o WY M5ERe ® 29 3o dEuan
e 4R BBNA ARAH] 3% A 54L wolmz

N

4

e 0-120'0) T2 eI o AAE At Ay A
@ &F n=m ©) £3=# 2 31 9% AR E39 HEr AgE ARBAL A
2% 10 SPWM 1582 — SHE PWM Na=4 (7t%) % Q.

Fig. 10 SPWM 15-pulse — SHE PWM Na=4 (acc.)

WATET| st %

Mo
™

2 % olvie{o) PWM W 3 aiE TEUIEo) 23 g 651



BERWIALE 4888 1198 1999%F (1A

x 2 JIRETAY He rtsr
Table 2 Changing enabled intervals in accelerating operation

A4 10

20 30 40 0

60 70 8 9 100 110 120

¥ §7) SPWM —~ €71 SPWM

SPWM 2184 ~ SPWM 158

SHE PWM N,=4 — N, =3

SHE PWM N, =3 = N, 22
SHE PWM N, =2 — 29 384 Db MRS |
#of 38— f-49 2= ISR, | AR

=z 3 45
Table 3 Changing enabled intervals in decelerating operation

2xAlel He JteFTt

A 10 20 30 40 50 60 70 80O W0 100 110 120

£l SPWM — M§7] SPWM

SPWM 1584 — SPWM 2182 m ]

SHE PWM No= 4 SPWM 1582 . = = o {

SHE PWM N, =3 — N, =4 - ~ - w

SHE PWM N, =2 = N, =3 _ ' “ ] . ]
#9384 — SHE PWM N, =2 m M

bed 2e - va e ——— |

4. dEgEdn 2 HdE

Y% PWM N2 §EAEIE PEE FEHUS 9
T4RE Y ABAY FE Bl thahe) 3ol 4 B
4713 HdaRHdE dAdes HdEe FIysAn & 2 Fel
AHER WETIY AF 2 AFE B 49 ¥ 3% PWM
AP AR A HASE 48 FAM A5

A= SPWM 158 204 SHE PWM N, =429 &3, SHE
PWM N, =314 N, =229 Hg SPWM 3% 3H 204
62¢ BExze HIL dPsyy, FHEHUAME SHE
PWM N, =494 SPWM 158229 3 & s

E 4 ¥EVle ®A L 4%

hva

Table 4 Ratings and parameters of the test motor

2.2(kw] 45 220[V] 86[A] 1740[rpm)

3R AR 09210 [Q]
A4z AR 0.5830 Q]
A A E 2 (L) 0.0671 [H]
@Ak dEE (1) 0.0671 [H]
23 dEE 2Ly 0.0650 [H]
BAYEHE(]) 0.0418 [kgm"]
wl3H A =(B) 0.0046 [kgm*/sec)

652

2% 14T SPWM 15824 SHE PWM N, =42 A%
ES vl ZF F¥elt (A HEAY #AAY AE

Az ARG vapE FERIE, (D) @A Ay
vap, usc, vca®t AR i E GERRATH @2 3% el
T A® et FelM Bt bE Adss 0= A
gate] Hgstdond, (b AFAHNM Fmwago] Ao

T B Aok

19 15% SHE PWM N, =3¢4 N, =28 d8% 49
A3 #agelct. SHE PWM 'g42e) dgoloz F Wizt
o fdaE nesiq A& 7He T FollA A= 7hE A

e e AdEste gtk e diAPel Mg
ol oAt Zo] HmgAo] 79 UFE AT F Uk
19 162 SPWM #% 33 2dA 64% EEg Had
o] Ay Aok HE e 300elM Hgg A
Mie] A f3HoA JA =47t Ges & F drh
a9 172 gEEdAlel 2hste 28 S A8 e
F3ro}l b F& SHE PWM N, = 4914 SPWM 158 &2

o AEel Y 43 HHolth pHEANlE T
7o RAaHAL WEES DARYODR HEeHe] Ag
o e HEe walth ABAe ARIHETR FAN 252
Agstel d@stdch 7&ede A9 AN Aw
wagel APAYSS &+ Uk

5. & B

WM M% ) qzs}ai:} ﬂzu PWMoﬂ

A GTO ABEZ ?%EJL AHF A& 7tse BE
A2 Hos WENE eAAUE WY HRDxEHs} £a
gEo] g ABdoldE FHYst A EHold ZARY
B Ay E E

{ PWM g
z} PWM sglow
Hel s A Fsier v Ay 2
wuﬂtm A40] RS WS 4R 53
o] ARHE A& ARHUIAL Foho sy
A9 AGIRAG deAd AT A aa
EAA sisiob 4R BATRR 2D
T ol BE AAUES| TE
237 49 %
NEdelAn AET Fokel UBHAG
ANE BeAEs 4 dAdEE
g QuiEd Hesw DA LRGAel wz

| )
Age £ARYL AE 4 Atk

O
&=
'rﬂ



Trans. KIEE. Vol. 488, No. 11, NOV. 1999

“nnnnrmm ™inonon .o " s et
goutry [N

L
E
[

(@) AlolE™Mgf, M7 2Hvas) (a) HolEMQ, MZHH 2Hvag)
Ver.:100[V/div.], Hor.:5[ms/div.] Ver.:100{V/div.], Hor.:5[ms/div.}
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(b) MZEM Qtvag, Voe, Vea), 2T Fia) (b) M 24X 2hvag, Vac, vea), AT Rl
Ver.:100{V/div.], 4[A/div.], Hor.:10[ms/div.] Ver.:100{V/div.], 4[A/div.), Hor.:10lms/div.]
12 14 SPWM 153 A0 Ao SHE PWM N.=422| Mgt % 16 SPWM &Y 3EA0AM 628 =29 M

Fig. 14 Changing form SPWM 15-pulse to SHE PWM N.=4 Fig. 16 Changing from SPWM wide-3~pulse to 6-step mode
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(@ HlolET e M2 2Hvag) (@) HOolEXM A, MU 2Hvag)
Ver.:100[V/div.}, Hor.:5[ms/div.] Ver.:100[V/div.), Hor.:5lms/div.]

(b) M2t 2Hvag, Vac, Vea), M R(a) (by MZ2v™ QHvas, Vac, Vou), HEFa)
Ver..100[V/div.], 4lA/div.], Hor.:10lms/div.] Ver.:100{V/div.], 4lA/div.], Hor.:10[ms/div.]
Ozl 15 SHE PWM N,=30Al N,=2=29] Xt g 17 SHE PWM Na=40iA SPWM 152 A22e Hgt
Fig. 15 Changing from N.=3 to N,=2 in SHE PWM Fig. 17 Changing from SHE PWM N.=4 to SPWM 15-pulse
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