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Synchronization loop by vector product in single-phase system
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ABSTRACT

A Diode bridge rectifier and a phase-controlled thyristor bridge rectifier generate harmonics in
power system. Nowadays, power factor and harmonics are important petformance in electrical
equipment for railway vehicle. Many researchers have been trying to improve the power factor
and ac-side harmonics. Therefore the PWM converter has been used to operate at unity power
factor and to reduce ac-side current harmonics.

This paper proposes the synchronization loop by vector product in single-phase PWM
converter. The proposed control method can realize the sinysolidal input current waveform and

the effective unity power factor. The validity of the proposed control method is verified
through the experimental resuit.

1L HqE

WYL HEA wEH Aojre] dAL AGAPFA] 4% R Ad & 9L
ulAa Qo £33 A @Al o P #4373 £49 &It avEHE 55T
W3 AHESFA A5 T4 2 Ag g U d7E AFE/MES Aot

ol HAste FAHAAZ FIFY n&AANTo] AYHL YT, & d¥e ¥
AEAFNL S REAYZA A AMEEE B4 ACDC FHEEFA A ol gdnt. J&E
AolZAEHE AR AR A Ar43 FYE 7A€ IGBTE AHS8iL, B4
FARZTHPWME o831, dAf{st dgAdgdel 3o HA #ezd dH9E ¥
ol 7Hasitt. GAYE A& 3r) AsMME dHAG W BRE A 77t 7HA
ok Aozt dEAgel W FEE SHAA e PEez £ dFdMT 4EH S
(vector product) ¥ -& AL, P& F3le] ol d¥ &§I4E& vehlnzt ot

* 5 6?3 HAAAT4 FAQATY, vHA
** gleEEed AxATAL ADdATY, YA
wr g e-F3Y AXATL YA, v

—219—



2. AHEe £3 2 WEH) g 7] Ao
21 AW 73

W4 PWM AHMEE 3R AYd TRUAARY JET JEE FH@AGBE
AolaEA HHY AFYLAGL A= A& 2Ho2 Bk 2Y1e B4 PWM AN
o] 712 fzEolth TYIAH Vack YBAS, L $944 AdE, C= BRE AN E
olm, AFRAL (@D 2.

L A4+
VACT VC] ¢ Voc  [LOAD]

a2y 1. 94 PWM A¥YH 2.

Vac=vrt+vc 2 )

5
A

ve : AME JYAY
VacE ¢5% FURE ST, VacE 712 HA (Voo = Vac <0 °)2 d93
o ZEs gEd dg /82 & vehiE 2329 Zh

Vit Vid] 7183 Ag AE
VAC&T /\D TV@[Q_ Iy : 9] 7189 A{F HE
Yo : Vel 7189 A 48

29 2. @4 PWM AHE J1Ey U132

—220—



PWM AHESY 22 @ dg $4& 3EE Vacd A% 9 71€% 4E0s) 9
Aol Zolok &, Vi IsRTh 90 “AAe] Bk o] dof HolAEE el 21333
2. oA = A JetdAS Zo] Voo 2718 o & Alojfel 8 dHAHE Aol
e € F ATk

—
Ver

a9 3. gAY EUdH AY - AR HoAE

2.2 WE Ao 2% F7] Ao

PP AL AP AR A4S FALE do G E AL Y] AMAME oA
AFg uiegh o] AME Y UHAY Vo 2719 Y AR i A3 o & Alojstdo
of &t 4 o & Aojslyl AsME At FEE Ao}7)7t Gotol Ak Ao
A7t 4EAG ARE G 8t7) Astel B AFME HEHA PP olgT U

HE 3 o= 429 249.

A x B= 37 : |4 I|B sind 4@
Bk @ BuAbe ¥
6 : AMES BHE S Apo)z}
AazFANAE oleje} o] EAEY.
AxB=@Ax-i+Ay-j) X Bx-i+ By-j)
= k - (AxBy - AyBx)

HE A Holg A8l £ ATME tdiH o] TG BA ¥4 ALE A4
sto] ADWRE sto] Alolrlol YHBTh AolslolAE o dd G vledt] L4z
& Aoz ADIARE F59 olEd #;I T M3 M (Ade HeEd 2
Hae Aoj7lolA JHAEE e HEHE Uehz gk a2 BRel e ¥H
= YA A g 948 a2lE YErE Ed.

—221—



SHH w2l sinegkH (—1) xcosinegtS WY FeEiz A3z, YA weS Wi 7
o} & shiel sHge WE(BE wenh mekd Ad Bg Agsd dHAE P
EYsEx)

das AduAYy

N

ADE BB gl =>x

~<

a9 4. AojrielA JH} HEE BEE WY

wob A% B Alolol 94t A71W WEAG 8 AAR 25 dehta, Alojs]
= AT o BAY RBE 00 HES AcFosd, 44 AQ) F¥ vz wMde
AoiA7t & 4 A B o] Aol £718 wize NAS A8 Aol Vool 2
7St 2 & Aol o8 wAAE Aolst 2FY A Aois} s

B A

an

a¥ 5 5 HEY 983

—222—



a8 6 Ao)roM Al TEXSE YT 9o, Alelr)e TIALY TMS320C31
£ AHEstgom, Wi gloln QJEIYEE 46.3usultt £851HA Aol 1 gt

INTO9 Main Program
(time interrupt)
g 3 8 o & N (Ax) H o+ £ 3 4
# 23 M9 N4y

EEEIEEEEEENE

[ 2 n 4 onjorra & |

T @ NO

YES

i =D

NO

YES

l&sag N2 A sml [mru WA FAWO (pmon]

l PWMIN o & 2 I

3™ 6. Aoj7ldl AT B

—223—



5. AUny 2 A
o4 AFF WE Aol A% Fr) Alo] BWE ol &Y T2IPL SKVA F2RW|

A45td YA AL AP AES yehhn glonl, Aol AST AFE o

s 2o,

1) YA : 24 AC 100[V]

2) ¥ <t : DC 200V |

3) G &Y : 5KW]

4) B3 : 1000(W]

5) 2913 F34 : 900[Hz]

IY7E A4¥A9 2 5 938 vEle ok 23794 2Rl 3G B Y
ARNY ol B4E olFT A;, AL 200Vl =ZHL -

FE AED AR 12T FALE A%t WER A B Ay AR R dnF
& NLE 4ol

—224—



Tek Stop: 1O.°‘<S/IS 21 ? Acgs
—
=

g Famn \ AN AN
3 ¥
Tt I \
o o o " PR P . b . 2, PR . ]
v —
i

-
s
Py
i

M5 bbts e 7R

1: Y AY(100V/DIV.) 2 : Avy gHAY
3 : ¥ A §(20A/DIV.) 4 : DC¥ AAYI0OV/DIV.)
% 7. SKVA 24 2d Ay 9y

Fa g3

1] A5, "2 WElH PLLE o]8-¢ o4 TEAY »7)(SVC)el DSPA| o«
A8y AEE 93,199

[2] O. Stihi and B. T. Ooi, “A Single-Phase Controlled-Current PWM Rectifier”, [EEE Trans. on
Power Electronics, vol.3, No.4, pp.453-459, October, 1988

[3] Muhammad H. Rashid, "Power Electronics®, Prentice Hall, 1933

—225—



