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Study on Improving the Performances of Transformer
and Convertor Switching Used for the High-Speed EMU
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ABSTRACT
In this research, studied were performance improvements of the power conversion system for the
high speed EMU. The object of this research is separated into two parts ; the one is the analysis
of the designed transformer and the other is the switching improvement of a parallel PWM
converter. The multi—outputs of a transformer must be balanced. However, the output of
transformer 1is interfered and unbalanced in practical operation. To solve these problems, the
electromagnetic analyzing model of a transformer is used to minimize the output interference. Also,

the improvement of converter switching can reduce the unbalanced output and harmonics.

1. A &
HE 151 H A|AE Vee Ao TGVE 7|Eog 3t 58 {52 Ade Agko] Ayl
3 o] FESte] st AdEskd

= A7 A e 7 7R eokd ¢ glew, J wiAle Askr]e] 54 s 9 fAdel #t
Aot aHAE] WVl B/l 9 7, BHER A8 AWEHC d¥s ¥Fce 98
= ok "] 292 559 E90] wdEE a7y, AAl 2NN 28] 2Ed o
gol B, 8 & AR Al Aoy ¥E AWEY] 540 AltE YEhA k=
oo AR gl 28E ww Ak AWE T A9 Foto] ARddor WEsiy
o5 o] &3t 3¥9 HFVIE FEshe 9= sk AMEY A9 54 A 9l sl w3k Zlo]
o gFs PWM ZAHE = 2903 249 &3 9 1899 nx9 & AAE Slsts] 5575 1
d A B3 AWE s 44 Al st AFY Ale 5 AR 24 A dEVIE2FY 3
BHEE AdUAE A Fo7 3JPAA AT oUA] 585 Folz AEs dvh wepbd HE
Aol mh2 e 4 @4 Hask 71N 9 29038 duesd] AdS Fekol A I de FY
2 AR AR s et @

¢ @St A7) B wAL R, 95
E-mail : redalarm@hanyang.ac.kr
TEL : (0222200341 FAX : (02)2220-0570

@G etn A7 3o w489

- 1182 —



B =Rl W] 54 A 2 AWE 293 de gt A7t 72 A0 Ay iEk
ExE et A4 AFHT Qe A7 Yol thd AdaEe AYe stk o w3, AWE
2913 B4 digt AFE 8 W F A AWE EZEA U F9HE JAYEA st mE HAHE
o] 8 EA dig A g AoE B4
2. Y7 B4 A L 18 A3 Ad
2.1 ¥ist7] 54 4

Het)e] Y’ AE A~ ARstE st @ AWE HbE QIYERE o]gHoe] A
ok P AYE Q] glo] S5 axuhe] ghefo] vropx|u Wik A7) F ol FUbehE AT
Aom, QIYE S gho] vHA =W AF 2EY Sul 9 nx29t Frhebe G vEebdrh W] 9]
A QEEHE AlARY HAEE e 47 JeiMs A 54 & 2 Al tid JlEe] a7
of Hrth # AFA = olgfdt MY T Adg” A s AE3] fx8H7] A8 AAEA Al E
o] ZZ 7l Maxwell3DE ©]43te] 33 W7] #HA| |4 AlE ol Rde sfdtsta sl
2 B3 Wty Al uis 1SS Bk 44 7hA 7oAk s
2.2 AWE 29A M

A4 FAH1 Je 1g5 AFE FHAY AC/DC W AR ofgo] Bl 1% 13 o] 5ty

43 T PWM AHE Y HEAS A3t A9d Ax2E IGBTE AFE3slal, Free—wheeling
toletsl wi AHE AWY Alaglo] FdEY HAHEH &9 ol Fatel AR/ AsE A¥
st &= ARAE7E A= Utk F dEwg A9 Fx= 2-devel HHE HHE A|AH
devel %2 AWE] A|AES FAAT = Qi) 2Hevel AHE] A AR WLV 235 @A)
TR EEEo 747 WG PWM i Eeo| AdE . o] AlAEe] Fe WY FA gAEA
#ol 2 fAde wE FaEo] o] &5 7] wEe] Wetr1e] AAlel tist v]Fo] 3Hevel AWE Ao
Hla) E3bstn FQsky, 7 ALz dujdA gho] Wsto] os &t (M E8 P o] wA ST
shAIRE, AWE Ao]e] GolAd AL tiF v TAE VHAE F e S AT
[4-5].

S PWM ZAHE ] AL AAE] &

3

o —

-

2h, JEd AR axvE Azt Wy LA =

7} e DCLinkell HE 2 ddwo] 3719 S9HYE RES FASA P

]ll {ll/ ]:I
SM!}D/ SZﬂé}Dz
&9 Isi 7 Vel Converter 1 Yl v It
HK} qt\/‘}

+ +

VP@ /| Cde—<VdeS R

S3+4 K} D3 St D4

vs Is2 Ve2 Converter 2

Hgﬁ; gﬁ

19 1. 2devel PWM A E] A|AHE

— 1183 —



ot

©

Al

Zs
o] A& interlacing ¥ o2 #

hsh iAol MR wniE SR U )

A
J7

]

9]

wefl 7} A

=

[l

vl

AL 2918 Al #folE wo=2H

o

I
ne) AHEst WY e

KN
.

7 Ho K W
T mo Ly
Gl £} Eo H “ﬁ_ot
— N )
o R~ .
2iarET ” )
%Eaa%x%ﬁﬂ an
= o W p TN o)
< — ~
=TT ) _ .
e wow g N = D 2 2 o )
ﬁmi%vﬂ%% 8 & w 268 w
0
ot M on) o M 1 el o
,EIQﬂﬁﬁq,zEm% Ny on
~
NN BT o aﬁr
y ool — = ) ~ - 13
Mu‘m T oy o = T ot E
.~ . o 5 N :.L XL —
IR RS T e e
. w e —_— i
= wow N urL N on W
= IR Ho G
=5 T TN A R oF MM -
o " Mﬂ KN B = T =
4 P d e BE E 2 o
o o % woop vl =
0 o Ry B
n u]udlmmoa_. = T rih
< Ho T oy & oL i = : il o
%! N BE = ™ o O
= OE =0 N 1~r/ A sy o
~ ™ X oy F oL — o 0 = N
ﬂﬁ ﬂ_LH ,mﬂ ~ < ,m_ﬂ
N w BjN B oo o - ™
Rz e I o - L 5 o)
o TEE T 2z 2 4 F @ 5
= %%Pmﬂ%@%] i ~+ 3 | | " 2
Hy o < - _ o
T o = W o B o — _ Flr FlE 4
P P =y © ﬁo X . .Cl o] —
; — o A > ™ = o t o
° 5 0y Y W - ! o
®° w un& W oo @ _1/% ,_zd.(zw o &
0 = e KO
—_— = ~ "0 " & = = K
i o O B do W T + B TS g 8 oF J&
» B T AT N o ™ N N A -
A . R ) . o g+ (o
Il e v S S - g
o7 ﬂ e o7 1E1.._ ‘mmu ~o :.L + NEIES ﬁ - Q) 0
‘ Ko ) T oss 53 -
T 0% R¥IwEw® S M S
_ ° Plo = &
T o ~o kR . o | ®omoa X
e Y Mo 3 o [ X
N o ) o7 TR Y — ~ =) I I N
= S Bl = A G B G I
; o . - 3
RN RN E R w i ~ mu
™ £ 21

— 1184 —



disl 1
= (L L= L) Vo= (L, L= L2)s1 Vet (Ly L, = L2)52 V] ©
it 2 2 @)
a f[(L L~ L2)Vp— Ly L, — L2)s1 Vet (LL,— L2)s2 Vel
o171 A,

LS = Llsl + Lm = LISQ + Lm

L = Llp + Lm

L=12L,—(2L,+L,)L2+2L}

o]t}

HE 293 & °ﬂ S Aol xstal, e AWEQ
sk = QT A ©)9] isl & s13 s29 oA FEgFS WA HE=
9o A3t avE AAstE Aol 7hesith A ©)9] +
o}

L,L,~L) =L, (L,+L,) ®
A7IA 1A 235 A JIYEIAT7E 2oha 7Hg ek A 98 2ol FElETh

L,L,—L)=2L,L, ©

L,(L,+L,)—L}=L,L, (10)

b, o] & AFH R BATORA F AME Y FT R4 AE HE vk AF
[e] e

Aow wiArsol & F AWE dFA7]e] 8-S K2 FASAAL, 71 % v A AD3 2o

Llp[/ls + Llp[/m + LlsLm
Lm(Lw-+2Lm)
Z3) 243t AHEA gol Bdaly, F AEA Fo| FA wE Ak w9
BAS AT AR A7l A9 oF 732 % yehdt
4. A EH o)A A
71E2<9 PWM ZHE o A4S S8l 2-devel HE AME Y AlEE O]

% 33 o] w PWM AHE S BHdE &1 Convld Conv2el tidte] 0= AatE = W
212l PWM 7[H& ARESI3ItE. PWM #lo] 7[R Sine PWM %25 o] &3t ~93
540kHzo a1, 2913 71H2 ZF AWEHE 90X Delay®E 11 48 AL 220 Vacold &8 AY
Vdc o] YetGES Aol

— 1185 —



79 4= HE PWM A¥E e &9 19

& th &8 Aol 00Vde® Alo]7} & o]
o, AWMES o8 Ay AF7E TFE FAS 98

H
AEACE 12 & fAHE Ae 4T

30
3

J;rﬂmﬂﬂ)\p"{Hp\\'

| mw

R

UW;U i

..... Il
fHnniin

4.2 A¢719 T4 A9 A H3lo i3 G PWM AHEH HELA

Ho] gaFs 2lsty] f& WMdr7E A" AWE AlEHolAS 435
% 9 QJIY'E A ko] wstel s HE AWEe F8 338s HoFETh 7z
o] ®Melr] e A g¥EA ke 0.2mH, 0.8mH, 1mH o]t}

(a) (b)



NN

Mepr)e] T QER A glol Fohgel wek 9 AR ¥Ee] AAsA dhdte Ae B 5 9
on, o] et BlZel gaol 9% AF AR nEAA AAS grds Ae FAT & Yo
5.4 &

FHEAY nEALe] W9 B ) 2Ye FE dolokitth AW, A SAEANE W
9719 A g AHEA gro] FaAs] EhbA 2ow, FHe BPIHL YA AT
ole 3 BAE HA] A MYl AAAN A maL Fokol M) UAE Bws v, 7
HEO 297 7Me Beto] 29 HHALES Hasstel 29D 299 1z AP @
R SR
Ake) 2

A

B3 e g s aAge] A A YA 2 H TS, 07 MM DS
-2 Al 83kl ols 3= AFH

[1] FASE71 0, 28k S AR A, AR TER, 200

2] A Zhshe] ma A AlzEe] A, 1996,

Bl AErle AQs A/ 24, AEE B ASEUS A8 NEAE 4, AREAT,
2006.

[4] J. Shen, et al., "Analytical solution to harmonic characteristics of traction PWM converters,"

IEE proc. Electr. Power Appli. vol. 144, no. 2, pp.158—168, 1997.
[5] O. Stihi and B. T. Ooi, "A single phase controlled current PWM rectifier," IEEE Trans. on
Power Elect., vol 3, no 4, pp. 453459, 1988.
6] 2-gn] ¢, 1& HEE WA PWM HAWES] nFa gt 3 A5, AY A st&d g, pp.
5-9, 1998.
- 1187 —



