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Abstract
Recently, PWM  cycloconverters that are
frequency conversion system have been studied
for eliminating dc links of conventional
converler and inverter systems. A new real-time
method for generating PWM patterns is proposed
in this paper.

This method realizes sinusoidal linput and
output currents, controllable input digplacement
factor regardles; of load power factor, and
maxi‘m'um output voltage range.

Finally, feasibility of the proposed method is
confirmed by simulation and experiments.

T R

3, LSI, Microprocessor %Y HH{ w5H
2259 Az e 8 J1e 50l VYA v
PYAL Sjgol FHNA AP AL, PY YL
71718 £85 5% Jdv Aot o PY
BB 8 AEFodo] ¥ FAPYS
Ixut GAel 42 EAPLE UFHI o,
ojei% RAWEE AU Skl PM Ao
Inverter A] A%} A%so] Ag3 g2 ot
Inverter A A9 ojuizx] g A7 A DC Linkg
Eget gdeld HAF A6, Hz Y
2247 Woewz WY Fox 2siPrr. o HyP
THe 22t fisted BA PR (WK Y Cyclo-

converterol 2% Ak Ruts] VAE I gt

T dFe AT MY eE FA PR(MiK) Y
Cycloconverter® ¥ 2 7413} a4 98 838
HES2, Aol $Y& ¥4 o Simulation Y
HE€ 3ot & Ao $HY tydE QU
Al of Real Time Control®] »}4:4 & of4 ¥ct,

2. 24z 34

B4 e (ME) % Cycloconverter? 33 3
A& 29 lof iheprdct.

HE2E 99 B, 978 Y 28512 2el2 34
FHE F4Fe o, VY
verter 98 Ve 2% chgA Pt

Vuo Vs cos wt
[Vvo] [Vs cos (wt - 2 /3) ] veves (1)
Vwo

Vs cos (wt + 27 /3)
Vu
[w]-1
Vw

A9 Cyclocon—

1]

cos (wt - §)
cos (wt - &- 2m/3) cee (2)
cos (wt — &+ 27 /3)

h

< <<

- o s 111
s wea Ve L] L
. —oote] %>

cm..

('™

— - o

Y 1. Cycloconvertero] F 33

-518-



‘89 tigkd 71sts] shAl FRsteUs =23 1989.7.21

3. a4y Weye

7 24 W 34 YR HE F FH4 Hod
24 Yoz s VBN F3E A5
3¢ 98 TUE 342y WL 3T 9
st AT (YYF ofg) LA 24
W2 ¥ Fste AE|vh feh. wPAAE 3 £
FYE ZHARE (FYFA A5 FAN AEE Wo
2 NWstE AT EV AL
B&E WE U 9y Y VT 455 Wox
A HFY I s BB 56
ME 295 RESE 9Y 2T A9 O3 Ao
45 WoZ 3 WAl ¥},

¥3

.~
£

B1

218 2, NHUHE a,-8, B HY.HHF Vector

al

@~ wo l‘PL\‘//’é/{Y
"wt ’»VS

B2

oy o3, SldaAE a,-B, ¥ M. 24 Vector

~-519-

ZYNESE W + W0 T 3P ALY Az @
2% 20 UEhlD W - WoR PPy Wz g
23 39 L}E}‘-‘!t}'. W+Wo 8} W-Wo 2 3 M}t
HEF RN 2 4% B AN 4YE
2ers] solslsl 5% TAstol B A Vast Vg
e shAsta.

W+ Wo b W - Woe Ribx w® Mg Yasw
2o g 2P o 99 Br Aol 9w @
A% 9tk

a2 S

[/ 2 1
witroe g o gds o P

t+ L .
oo e 1L/2
— B
52 wol*pc oy

‘"ot""PC
al
81

2% 4,983 A wEe §H4y
4. 234 ¥4+

o9 18 A Sal.~ Sc3of TR AW ¥4

al a2 a3 Vu
[:bl b2 ba] [Vv].... (3)
cl ¢2 c3 Vw

al a2 a3 Ia
b2 b3] [Ib].... (4)
cl c2 c3

£2E8 55
| S— | I—
u "
| |
T
—

7 gy
Wt Wo T UMY W ¥E

T EVohY obzls g

weg 28y w4

cos {(W + Wo)t +fc +s - 2/ /3) | ..(5)
cos {(W + Wo)t +¢h +fk + 27 /3}

£1 cos {(W + Wo)t +¥ +¥&)}
][
£3

3 e

go

WoWox BWadme HE VRE o

A9 ¥4z xRLc



PWM #¢}8 Cycloconverter

os {(W - Wo)t +¢c - + 27 /3) (6)
os {(W - Wo)t +fc -¥s - 27 '3)

os {(W - Wo)t +¥& -4
:AE

o7lM Ax 2 VF g ebAck. g9 £tz
GAE AT Brez A 1/2 4 YAdsw

al a2 a3 fl 2 £3 gl g2 g3
I::l b2 b8]= M[f3 fl 2| +% [gZ g3 gl]+

1 ¢c2 c3 f2 3 f1 g3 gl g2
hu hv hw
[ hu hv hw ] ..... (7)
hu hv hw

otk (DAY 9 39xYe 230y Y4e Fo
£ maA55 gl AN Yol
LEER-LILE

] [ S etz ] v

cos (Wot +¢k - 27 /3

Vi = (3AV/2) cos (¥s + &)
o3, %78 Vo hu, hv, hwol o3} Pojx):
g4 Y YEezTH 2V BIAEL ehix
gt ¥ 2Et e Lol oo F¥nzE

ek Y

[ia -1, [ cos {Wot +IA: - (fL

cos (Wot +§fc - L + 27 /3) | ..(9)
cos (Wot +if& +¢fL - 27 /3)

o2, ojo UdY ¥ye kgt vt

:] (34AT./2) cos

PWM AII %Agta

os (Wit+s?
[205 (W+¥s-2m /3) | .. (10)
cos (Wt+{s+27 /3)

28 %5 al ~ 33 RE 29 5o rjeiw
vhel Fo] PMM AT EF QAN
Ts® 272 a}o{, Z} Sampling 7v8] Al 2 of4y
29% %58 e AAAAH, B £5xY On

42§ Mo

Sampling Time

) f—Ts sampling time
a3
al+a02
] '
control a2 : A—"A‘_—_
function n f T
- N ] H
at ( " ! '
t o1 ' : ll
o ! ! L ! N
' ] ] 1 + N ]
on signan | e oot
' ) [ ' '
set [ A s R S
- . [ ) V v 1
sa2 N [ —1 N — 1 H
¢ 1 ] 1 1
203 3 I .,
t

T3 5. PWM 4ls A

6. 4% 4%

A} 1 Power Transistor 27} 8 =% )3
F4PY 24Kz 4%k e, RL = 0.1Q), Ll =
1.07mH, C = 10 uF, B2 = 5(), 12 = 4.48uH, o] 3,
HYHe 50 V, Sampling Time 256 us, A = 1/4°3,
Yo =023 A syguel nPE ofal
A% of upepach

A Ses 2.4V VEIRY

(&) E:V, 50V/div F:l, 5A/div

8.8 UT UERT

+ llh"lﬂﬂ Il
WJ-M“'

f 10w S86sV  VERT

o) Livasov.div Pl sa,div,

AR 1. 7o) Y (fo =30 Hz )

-520-



'89 @783 A FE=uls

=& 1989.7.21

1.86 v Ling

E 't V,, 50 V./ div F:1.564/div

AR 2. 2AHG Y gy (fo = 60 )

Sav . VERY
108eUR

n4 ,,I-‘..

byprest

Bi Ve 50V, diy Tl 5A/div

AT 3 BYHEYG Y AEnE ( fo = 120 M)

16.4 U VERT

ww

i

LiVL S0V, div Fil, 5A, div

A 40 2YRG W HanpIH (fo = 180 WY

- -521-

7. 03 =
7AW 5 (WiR)% Cycloconverter 2} PWM Ao} B

an #3 day 2e Bre 2

o U Wuol sEn Q§e wojol BAY 12
4 9ee Eo Aol I E b

® Sumpling Time W§o] A9 ?J 228 OnA o n
Hol HE 294 Had sdotel Ao UL
B4 3 ol

e 2t 29 P o] 8§ v3/2 ot

o UWL Totel & Aolwe B4 #Y 3
20, ,Real Time Control?] 7}54 & of4] 8 oit}.

¥ 2 & ¥

(1) Sakae Ishikawa £ 29 " Development of
AC Traction Vehicle System. " , Toshiba Revim
Vol. 42, No 6,pp. 457-460, 1987,
(2) Kuniake Yasukawa 9 39 ; " #H 3 AaH
Inverter THYFREC-VI8GXR ", WHin 2Jg A

195% ,No4, pp.14-17, 1987.

(3) A.R Daniels & 19 ; " New Power Converter
Technique Employing Power Transistor ", PROC.
IEE Vol. 125, No.2pp. 146-150, February 1978B.

(4) Shahidul I. Khan &) 29; "Design Aspectsn
Logic Contrel Circuits for Direct Fevquency
Changers " IECON’ 85, pp. 277-284.

{5) Marco Venturini ; " A New Sine Wave in,
Sinwave out conversion Technique Eliminates
Reactive ~ Elements ", Proceedings of Powercon7,
pp. E3.1-E3.13.

(G) Muneaki Ishidag] 39 ; " 9% od§ 7%
Ao 3 P o] Apo g EujolE{y upy
Aojw v, HW=® D, 1079 23 ,pp239-246, 1987.

(7) olax o 29 ; " HA A5Y #xo]2F 24
o] ¥ &} oM 7‘I°1 ", 1988¢ A F% ey =
+7%, pp.273-276.



