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A Study on the Regulating and Equalizing Neutral Point
Voltage of a Three-Level Inverter for Self-Commutated

Static Var Compensator

Kim, Jong Yun

Department of Marine Engineering
Graduate School, Korea Maritime University
Busan, Republic of Korea

Abstract

SVC(Static Var Compensator)s play important roles in larger and
more complex electric power system. Rapid and continuous reactive
power compensation by SVC contributes to voltage stabilization,
power oscillation damping, overvoltage suppression, minimization of
transmission losses and so on.

Harmonic contents of the three level inverter are less than those
of two level inverter at the same switching frequency and blocking
voltage of the switching device is half of the DC-link voltage. So
three level inverter topology 1is generally used in realizing high

performance, high voltage AC drive system.
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Multi level inverters connected in series are suitable for high
voltage system because of their circuit structure. They are capable of
reducing harmonic components in the AC source side current without
requiring high frequency switching.

However, the main problem of multi level inverters without
independent DC voltage sources is the unbalance of DC capacitor
voltage. Problems in using SVC are the voltage unbalance at each
stage of DC capacitor. And, equalizing DC capacitor voltages is
required to ensure the even sharing of voltage stress in the power
devices, and to compensate reactive power accurately.

In this paper, a simple SVPWM(Space Vector Pulse Width
Modulation) method for neutral point balancing of three level inverter
1s proposed. By using the new PWM  strategy, voltage vector
selection is easily done like that of two level inverter. And the
neutral point voltage control by changing the sequence of voltage
vector is easy to implement.

Instantaneous power vector theory which expresses the
instantaneous apparent power vector can be applied for controlling
reactive power. The validity of the proposed method is confirmed by

simulation studies and experiments.
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capacitor [4F]

I : current vector of inverter

I; : image current component of current vector
I, : real current component of current vector
ip : reactive current

1o : active current

i p reference reactive current

"o reference active current

Isyc output current of SVC [A]
Lgyc output reactor [H]

P : active power [W]

Q : reactive power [Var]
Q" aup amplitude of instantaneous power order value
q rep : instantaneous power of output reactor [ g

A ) electric charge quantity flow in power devices
Q ’ point

R* : compensating resistance
Ysve equivalent resistance of loss
S : apparent power [VA]

V aup : maximum voltage

V* aup : reference voltage

Ve : voltage of DC capacitor

,iX,



Vs : reference voltage of DC capacitor
V; : voltage vector of inverter
Ve : receiving end voltage of connection point to

self commutated SVC [V]

Vs : voltage of power line [V]
Vsve output voltage of SVC [V]
Vsve : variable voltage source of SVC
v Ve reference output voltage

V" svcup voltage order value of variable voltage source
X : impedance of transformer

Aa : operation phase angle

O : voltage phase

[0} : phase difference between system voltage and

SVC output voltage
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Fig. 2.13 Circuit diagram of voltage source type SVC
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Table 3.1 Conditions and modes of a SVC

condition reactive power mode

Vsve = Vs Q=0 resistive mode
Vsve > Vs Q<0 capacitive mode
Vsve < Vg Q>0 reactive mode
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Table 3.2 Three level inverter switching table
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Six Sox Ssx Sux
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Fig. 5.6 Experimental result of SVPWM method
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C mode 40[%] output

- 116 -



il

—~
file)

o
!

—

<
T

zk
=1]]
=

e

#H—‘——y

S

A A=A SVE
F71918) 3¢l

o 1 Ao o

.

1
Fig. 513 ~ Fig. 516< £Al

k9
pul

220[V1e] H-3hey

=

o] AEw AA A7 A

1

=

%3

|

A
b,

p s

_‘|

1M Age] 22 29

-

37 S1H E
1 3 2IHE

L=,

kel

Mol =72 Fig. 2.22¢F #o] A#2l SVC 21 3¢ AWH
A

Xz

e)
e)
A

el

4o

il

o

R=50[2]
el AlE ol

o
- 117 -

o]’ =
KX
=<

o,
A

A

o)
= AElolm =2 220[V]e 3 QI H 9

%]

4]

S

[e))]
H

T

=]

=
-

1.0[Q],
sF7F

|=]
T

1

°

10[mH], r

Fig. 5.14, Fig. 5.15+=

100[ms ] =

7t L



H

=

=

2[kVar]o]t}. o]

-
.

“11

1 Zb2E 2200VIel A 2050V, 220[VIel A 185[V1= 7&}=

o] 220[VIel A 205[V]=

)

o
H

]

A
L

et

S
vl

PN
T

2& -04[kVar]o] il 185[V]=

l

o

=

el
ojn

R

Ll

—_
o

T
Ny

el

17] 0.4lkVarle} 2[kVarle] ¥ &7

S

2}

220[VIel Al 223[VIZ <ol HA<S u 01[kVarle] Fa&zgo] wAjo]

el
5
|
—
file)
B
N

ol

I -0.1[kVar]e] =¥

9|

.

T
!

X
)A
4
ofy
TR

o

W

X
A

3

ol AlEdleld AolA AtH =9

)A
b

0

A
ol

el

o

- 118 -



|

300
200

o

S [0[0 S

o
o

-200

[JeA] Jemod uoljesuadwio)

200

Time [ms]

Fig. 5.13 Compensation power at resistor mode[220V]

- 119 -



A e e e e

0.8

0.4 fommmmmmmmmeeee

[leAY] Jemod uolesusdwon

200

Time [ms]

Fig. 5.14 Compensation power at condenser mode [ 220V—205V ]

- 120 -



T T I}

[Jepy] Jlemod uoesusdwon

200

100
Time [ms]

Fig. 5.15 Compensation power at condenser mode [ 220V—185V ]

- 121 -



_

_

_

_

1

1

1

1

:

_

_

_

1

1

1

:

_

_
......... R JU SRR N L

_ —— _

1 1

1 1

1 =t 1

: :

_ _ —

_ _ ;

_ _ _

_ . :

1 — 1

1 — 1

1 [ — 1

: _ :

_ _ _

_ :

_ ,

_ — :
||||||||| = === === =4 == I L aly . & Paaiaia

1 1

1 1

: _ :

_ _ _

_ _ —

_ — _

_ :

1 = 1

1 1 1

1 1 1

: _ E——

_ _

_ . _

_ _

_ = _

_ — _

1 I ——— 1

o o

o S S S S
S - N
™ o — e [ _

[{BA] Jomod uojiesuadwo)

100 150 200

Time [ms]

50

Fig. 5.16 Compensation power at reactor mode [ 220V—223V |

- 122 -



Compensation Power [kVar]

4 - —
[
| ° i
2 - —
([
o . -
of 1 -
L
2F ) -
L
4 .
1 1 1 1 | 1 1 1 1 | 1 1 1 1
200 250 300
Three-level inverter output Voltage [V]
Fig. 5.17 Experimental result of compensation power

- 123 -



Table 5.2 Experimental result of compensation power

Three level inverter

Compensation power

output voltage[V] [kVar] SVE mode
174.5 -3.58 Reactor
185.3 -2.15 Reactor
205.5 -0.43 Reactor
220.2 0.01 Resistor
2233 0.13 Condenser
230.4 1.01 Condenser
257.1 2.43 Condenser
263.3 3.06 Condenser
278.6 3.83 Condenser
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