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Abstract

A multilevel Voltage Source Inverter(VSID, especially  the five level
inverter, is introduced as a large scale Static Var Compensator(SVC). The
common problems in using SVC is the unbalance voltage at each stage of
DC capacitor and uncontrollability of reactive power in a its low region.
DC capacitor voltage cqualization is necessary to ensure the even sharing
of voltage stresses in the power devices, and to compensate accurately
rcactive power. In this paper, harmonic current components were analyzed
o solve this problems and it was found that the voltage distortion of the
DC capacitor is caused by the harmonics in resistive mode operation
and/or low reactive power.

In addition. the zero pomnt  of DC  capacitor voltage deviation 13

imvestigated by analyzing in resistive mode operation and/or low reactive
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power. It give a control table for DC capacitor voltage equalization.
Asymmetrical Pulse Amplitude Modulation(PAM) switching pattern is
suggested to equalize DC capacitor voltage. A principle of asymmetrical
PAM switchig pattern is time shifting charge or discharge time of DC
capacitors by control angle.
For example, in the capacitor mode operation

control angle > 0 : discharge

control angle = 0 : sustain

control angle < 0 : charge

By using the control table, asymmetrical PAM switching pattern is realized
to equalize DC capacitors voltage. From the experiment, it is verified that
DC capacitors voltage can be equalized by asymmetrical PAM switching
pattern.
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- 2 sin ¢ ,sin (na;)

n= even ncoC

I
AV_g= ——2)—&- cos ¢;(cosa; + cos ay)

- n=zodd fi’& cos @ { cos (nay) + cos(nay)}

61,
n= even nwC

sin ¢,{ sin(na;) + sin(na,)}

~

n=odd number n=even number

Fig. 3 mZodl g 2 ¥%

(3.1

(3.2)

(3.3)

(3.4)



]
7}

Pk ol
2] SVOR HE olele} ol &l A gEAlofell wel o1y
Py

A EAl O A
siel s b Rebd A9 WerA Vb 4 os
Al Wb ssiglolis b Mera W

T lo MLoF ]
= off ¢ :
UZooo =7 Tl ] _j} C}ﬂ] ’:;i:‘ O] 09] /g (¢1 )
Ao wibrata, u

L S e S o SRS B A N O TR
L o) /l 'y ,;] ] 7‘}0” 91 fSH }f] 161'5} X] Lg'ff]/}. /] r 7\}' LA }
(\l %) h i’ R v

_p P DS I ok
- Zy Aoty e o g
Be daddcelst CErhel A9 & '_':f‘o Aol A 1)
Fig. 15 " : 1A & o # iy A C, C,ol Tk ] o 1
Sulufel 9 o] &gl S TR A ) Fobis dAsE )
e ) oy s g Aol <l shis Akl 5k A R 4
~ 7] o o -
LILHL} Sk r‘v] ! !

O
. Mk gl
ol A ASE Vi Vol ashi: g



670 WEEE AR KBIE WCE B208

V.

nv

AQgly

svg

G Voltage

. —
C, Voltage 1

Fig. 5 284 v A8 N3+

Fig. 51 2 29 vV, VB 295E T0lA aay, bap (913 2
A9zt FTHES HAF SO ZA é—a WECEE R

1 Age 2AA €, GOl fdsks 132 AFE dehix Ao 243
92 2ete TN Ay, AaTE AEE A S 17713 2
Aol S9st= Atk dae dajo] BFdel 4pozA TANAEY
Va, Vot MEST deid udage) AuAste oxte AEdA, 22
A47 ray, saE ZHFERA s BANRAG Vo, Ved Aolsts Re

¢

—

A5t old SXE BAANIE VIEALGE 72 1x%E AT T
AZAL 24 (41DS o83
_ 1
Voa = Vs cos (na;)cos(na,) 4.1
n=§m*l n2COS(I]COSGZ

r GATE
Eru T e d *—*r’@—’ SIGNAL
" INVERTER] NS

R
] F>— PROCESY
==>——t>¥—>ab~—o
. /4
s
Mg S

PHASE
DETECTOR

Fig. 6 27447 204 ALA ]



22 2 VOS2 olujeie]2ald HekAoo ek A 671

oAb 328] 1= DSPl TMS320C31%
woigle PColMCelel sy, FaH el

SLEVEL
E%; — i INVERTER

A {—.._l 3
AC VOLTARE

DETECTCOR OVER
CURRENT

DETECTOR

GATE
DSP |————| DRIVE
PC CIRCUIT

DC VOLTAGE
DETECTO

Fig. 7 #glaz1e] 4+4

£ /H« gl E

= 3 E
z, B o m e e e emm ~mmeme n e s e v an s e -
g £ E
2 3 IR E
P E -t 3
- O S ettt -1 —_ H
7 3 - 3
z B
g E 3
< E
J4 T = e
~ I = 3

w . . . =

T T
Tume jsec
(2) C Mode 1020
= T T T =

= E
- 1. emne
@ e . /..{‘.—-———— ——— S
= v e =3
- E e 3
Z E E
£ = E
2 3 ~
z o B 3
=~ P = E

EL 5 A A 3

Time [see)

i C Made 209

Fig, & mxuE nushal ghs o Aazdat



672 BEIBFAE KBt Sk 5208

F T T T T T
150 =
RN B [ Control 3
o P —T _— 3
= - S e = = vy ———— - 3
= 1] ol 3
sk Tt
= L i T T PR ppupEpRp. ---vi |3
2 F V-] 3
= C V-2 3
2 B o -3
2 N ]
O Leof 3
-150
L I3 i

0 3 0 15 0

Time [sec)

(a )C Mode 10%

E T T T T
150 Eones, =
= E PI Control 3
> g 3
o e Tt e e Sk 4 = s e 3o e st bt e — o Poaes = ]
g OF - 3
Kl o —Ve2 E
> P = -~ —=Vel 3
7 a —ve. M
2 o —Vc-2 3
§ VE 3
g - -
o -100 =
-150 fRmar——
o L 1 1 3
b 10 15
Time [sec]
(b) C Mode 20%

Fig. 9 1292 123iS o 4347

T L
1 .
3
5]
z 2 - -
H
& - .® .
s g
] I -
g
2= =
£ -
& L
4 e -
1
20 250 oo 13

Reference D.C Voltage [V]

AYGAE ol g3te] JEn YRw R W 24947t 2AT AR 4B
7 2ol ned AL AL vgAA Eos

Fig7olqE 71238 19898 o A9 g2 492 Ho} 7 Bl
FAdstA R A2 45 Atk 29y Fig 89N E nZAE o] 17 AL
W 7t Bgdel YASA HUdvke S @ & Ao 291 Fig 9% 7|



dels] SUCE Seldl Gultlelstua dqbalole) thab ol 673

A% 9 4 et

ik G A A S ol ool A el g o)

T .

A Sl e Aol 1o RIS BRI

-

A}
ool Ly mdele] s e el AR 9 AR Behd A9
,

Vi 05 Vo lgahl f ek alsdan, vl S A Belig o

[ 50 3 3]
(11 A Nabac ctal, " A New Neutral Point Clamped PWM  Inverter”
IEEE Trans. Indusry Applicatons, Vol TA 17, No.o, pp.ol8 523, 1981

(2] Achufle, “NPC 4 oo X oahifE i s fih oy £ A 7020 S INENLT,
S A i e s s et SPC-93-66, ppbl 70, RS

[3] FZpeng ctal., "Multulevel Voltage -Source Inverter with Seperate DC
Sources  for Static Var Generation 7, Conf. Rec. IEEE/JTAS Ann. Mtg.,
Vol3, pp.2odl 2547, 1940,

[ Yigiang Chen  etal,  "REGURATING  AND  EQUALIZING  DC
CAPACITANCE VOLTAGES IN MULTILEVEL STACOM”, Conference
Record of the 1996 IEEE/PES Summer Meeting, 96 SM 455 6 PWRD, 1996

[5] N.Choi ctal., "Modeling and  Analvsis of a Static Var Compensator
Using Multilevel Voltage Source Inverter”, TEEETAS Ann. Mtg. Conf.Rec..
Vol pp ol 908, 19935,

D i 2 A TS VCO BRI 4
19974 21

L e Ay B R D MR W

SLETN B VAR E (0 IR S I ORI RV S R R




&)Collection | _



