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Abstract

The static var compensator (SVC) plays an important role in larger and
more complex electric power systems. Rapid and continuous reactive
compensation by the SVC contributes to voltage stabilization, power
oscillation damping, overvoltage suppression, minimization of transmission
losses and so on.

The multilevel inverters connected in series are suitable for high
voltage systems because of their circuit structure. They are capable of
reducing harmonic component in the AC source side currents without
requiring high frequency switching to the devices.

The main problem of multilevel inverters without independent DC
voltage source is the unbalance of DC capacitor voltage. Problems in
using SVC are the voltage unbalance at each stage of DC capacitor and
uncontrollability of reactive power in its low region. DC capacitor voltage
equalization is required to ensure the even sharing of voltage stresses in



the power devices, and to compensate accurately reactive power.

In this paper, harmonic current components were analyzed to solve
these 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 point of DC capacitor voltage deviation is
investigated by analyzing resistive mode operation and/or low reactive
power. It gives a control table for DC capacitor voltage equalization.
Asymmetrical Pulse Amplitude Modulation(PAM) switching pattern is
suggested to equalize DC capacitor voltage. The principle of asymmetrical
PAM switching pattern is time shifting of charging or discharging period
of DC capacitor by controlling angle.

By using the control table, asymmetrical PAM switching pattern is
realized to equalize DC capacitor voltage.

Instantaneous power vector theory which can expresses the
instantaneous apparent power vector is proposed to control reactive power.
The validity of the proposed method is confirmed by simulation studies
and experiments.



voltage of power line [V]

receiving end voltage of connection point to
self-commutated SVC [V]

output voltage of SVC [V]
output current of SVC [A]
output reactor [H]
apparent power [VA]
active power [W]

reactive power [Var]

phase difference between system voltage and
SVC output voltage

capacity [ ]

amplitude of receiving end voltage
reference voltage

reactive current order value
active current order value

output voltage order value
reactive current

active current

voltage phase

reference voltage of DC capacitor

voltage order value of DC capacitor

voltage vector of inverter



current vector of inverter

real current component of current vector
image current component of current vector
impedance of transformer

variable voltage source of SVC

equivalent resistance befitting to loss
compensating resistance

voltage order value of variable voltage source
instantaneous power of output reactor L gg

amplitude of instantaneous power order value

electric charge quantity flow in power devices
point
manipulation phase angle
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, Vsve Vs svC

(26), (2.7) Table 2.1 SvC

Table 2.1 Conditions and modes of SVC

condition reactive power mode
Vsve = Vs Q=0 resistive mode
Vsve > Vs Q<o0 capacitive mode
Vsve < Vs Q>0 reactive mode
SvC
SvC
, SVC (
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Fig. 23

22

1 D-1x1

Table 22

Table 2.2 Voltage of across clamp diode

D, V,- V= Vpeld
D, V,- Vo= Vpel2
D3X V2' V_ 1: 3VDC/4
D., V- V.,= 3Vpc/d
D., Vo- V.,= Vpel2
D-3X V_l' V_ 2: VDC/4
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Fig. 24 Current flow at voltage
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Table 23

Table 2.3 Output voltage and switching patterns of

5 level inverter

vl S | Sy | Sa | S | S | S s | S mx| S u
Vo= Vpel2 1 1 1 1 0 0 0 0
V,= Vpc/4 0 1 1 1 1 0 0 0
Vo= 0 0 0 1 1 1 1 0 0
V.,=- Vpcld| 0 0 0 1 1 1 1 0
V.,=- Vpel2| 0 0 0 0 1 1 1 1
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27- @,

8Q, = 3 7 [Lsin(ete g)+ Z1,sin(nat+ g,)]dt
GI“’l 6l (3.29)
= - — - c0S$ic080;- nzzodd o €0 $,cos (na)
6l, . .
& T sin ¢, sin (Na,)
AQy =- (AQ+ AQ+ AQ. 1+ AQ. )
(3.30)
I, .
= 2 T sin ¢, sin (na,)
AQ; (i=-2~2)
AQq (=2 -1, 1, -2)
AQe = AQ (3.31)
AQcr = AQp + AQe
(3.32)
= AQ + AQ
AQc.2 = - AQ., (3.33)
AQc.1 = - AQ. 1 + AQc.
(334)
= - 28Q., - A2Q.,
Ci (i=- 2~2) C, = C
1 AVe (i=-2, -1, 1, 2)

- 40 -



AVe = £Q, (3.35)

(3.35) (331) ~(3.34) Vo 1

AV, (i=-2, -1, 1, 2)

(3.36)
1
= E(AQH’ZA Q)
(3.37)
1
= E(AQN‘ A Q)
AV_ l = - A Vc_ l
(3.38)
1
= E(AQ 1+ AQ. )
AV ; =- (A Ve 1+ A Ve )
(337)

= 2(6Q,+25Q))

(336) ~(339) AQ,~AQ., 1

AV, (i=-2, -1, 1, 2)

- 41 -



6l
AVe = w(l; cos ¢, (Cosa,+ COSa,)

ol ,
* 24 neC Cosa{cos(nay) + cos(ne;)} (340)

o, _ |
i nZeven N@C S|n¢”{sm (na’l) + Sln(na’z)}

AV, = - cosgicosa s S O
' wC 10t 2 TeC C0S#ncos(nay) (341)

6l ,
nZeen NwC

sin ¢, sin(na,)

6l ,

— 6|1
AV.; =- “oC COS ¢, COS @, - n;)dd naC COS ¢, COS (Nerq) (342)
6l, . )
nZeen NwC sin ¢,sin (nay)
6l ,
AV, = - C cos ¢,(cosa,+ Cosa,)
6l ,
"~ 75w nwC cos ¢,{ cos (nay) + cos (na,)} (343)

ol, _ |
- neyC sing,{sin(na,) + sin(na,)}

(340) ~ (343)

G - . Fig. 3.10

- 42 -



SvC

- 43 -



= == )

n=odd number M=eyer Mmurmoer

Fig. 3.9 Voltage variations of 5 level inverter

output waveform

T

Fig. 3.10 Relation between voltage and current (p- f = 0)

- 44 -



34.2

3421
Fig. 3.11 (
Ve Ve
Fig. 3.12
)
C11 C2 1
Aal! Aa’Z
Aal, Aaz
AVe, AV
Ve Ve
AVe, AV
SVC
Ve Ve

)
C11 C2 1
V11 V2 Aa’l! AaZ
1
Ve Ve
Vl’ V2
, C Aa’l, Aa2
Table 3.1
, Aay, Aay
: «( L )
Aa’l! AaZ
Table 3.1
Vg Vsve
Vs
Vsve

- 45 -



Table 3.1 Relation between control angle and voltage

variation of capacitors

Aa, > 0 AVe >0

Aa; < 0 AVe <0

Aa, > 0 AV >0

Aa, < 0 AVg < 0
4
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Fig. 3.11 Basic pattern
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Fig. 3.12 Asymmetrical pattern
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1n SVG1l ( l) nSwZL SVGC( COSCL’1+ COSCL’Z) ( )
Na, +1.8°, +£3.6°, £5.0°
l Vl
AV, Fig. 3.14 ., Fig. 3.14
AV, V, (=05 Vi)
0,005 g w0
o

-0.005
i

Fig. 3.14 Relation between control angle and voltage AV,

at resistive mode

Fig. 3.14 |A < 5° AV, O
Vi [Aay

’ AVl |Aal|
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Vl Aal . |A0[1|

, Ve
, Vs,
. Fig. 313 Fig. 3.14 Vv, (2 V,>0)
V>0, V<0 VA (A V,<0) V<0,
V>0 Table 3.1
Aaq Aas
Table 3.2

T able 3.2 Relation between control angle and voltage

Aaq<0 Aa>0
V> 0.5V,
Aa,>0 A a,<0
Aa>0 Aaq<0
V;< 0.5V,
Aa,<0 Aa,>0
Table 3.2 SvC ,
V,=0.5V, ,
V,=0.5V,
(3.50)
Vsve1 €0S Aa;= Vi , AVy = 0
) AV, (6n+1)
vV, 0.5V,
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Vs Vsve
0
V,' 0.5V,
Vv,
Aa , 0.5V, Table 3.2
Aa , Aa
(VERYE (352)
(3.49)
AVl sg= 00 = A Vil sg=- ne (352)
(352) , ,
AVy, AV, (350), (351)
Vsver (353)
Vever= V 1 (353)
svel s > cos (na;) cos (na,) '
n=T6m=*1 nzcosa'lcosa'z
a']_:50 y 0[2=3l° (353)
Vgyer = 1.05Vg
V,= 0.5V,

Table 33
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T able 3.3 Relation between control angle and harmonic voltage

Vsyer = 105 Vq Vsyer < 1.05 Vi
Aaq<0 Aa>0
Vi 05V Aa,>0 Aa,<0
Aa>0 Aaq<0
Vis 05V Aa,<0 Aa,>0
Fig. 3.15 0
Ve ) Aay, Aa,

e |
—y | —
& LEVEL : % GATE SIGHAL
v INVERTER ) A A PROCESSOR
| oFE— *—h P> —»
Hi o
Te =4
Ho Hla " &

PHASE
DETECTOR

Fig. 3.15 Schematic diagram of control system
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svC
Fig. 34
r=10[Q], R=50[Q]
Fig. 4.1
200[V]

Fig. 42 Fig. 43
200[V] 195[V], 200[V]

Fig. 44
205[V]

sVC 5
200[V]
L =10[mH],
100[ms]
0 [Var]
185[V]
200[V]
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Compensation Power [kWar]

Compensation Power [War]

300
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[
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-200
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Tirne [ma]
Fig. 4.1 Compensation power at resistor mode
0.8 :
0.6 ':. ......................................
T
0.2 e cmccccceccdeccccccancenmeeedlrem e e cmese dem e mmemme e ——————
il
0 H __J_ ____________________________________
0.2 i i
0.4 !
50 100 150 200
Time [ms]

Fig. 4.2 Compensation power at condenser mode [ 200V - 195V ]
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Compensation Power [Var]

Compansation Power [kVar]

) U . | S I—
. |

2 .------._.-.-.-.--+----------.---.--JL_ — — e R

A B e R R A i e i AN S S e B e R E A A

o a0 1040 150 200
Time [ms]

Fig. 4.3 Compensation power at condenser mode [ 200V - 185V ]

--------------------------------------

= ARl b T = L

=200 L

Q 50 100 180 200

Time [ms]

Fig. 44 Compensation power at reactor mode [ 200V - 205V ]
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Fig. 45

SvC

Compensation Power [kVar|

PAM
. SVvC

0 [

200 250 300

Reference D.C Voltage [V]

Fig. 45 Variation of compensation power
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4.2

\}* Laf (323)
(3.24) i*Qﬂﬂ
. q Le Q" Ayp Sin fcos
e ‘ _ M | - | awp SN G
L V* Lo J q* LQ = Q* AMP S|n 60056
i* Qﬂ - |AMp0056
_Q awe g V' cosé
- I amp -
Q awp sin | V' . sing |
I amp
* Q _ _
Vo - TAPMP1 lamp = \/ i’svea +  i’sveh
Fig.3.7 v Lo
i Qs 90° (4- 1) VL
I amp ()
Q awp ()
V'L i Qs 90° VAN
Q awp
Q awep SvC
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4.3

G 1.05V;
Fig. 46
, Fig. 47

V,= 0.5V,

Vo= Vs V= 1.05V,
V, 05V, ,

vV, 05V,
Fig. 48 5
. (a),(b)
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Fig. 4.6 Experimental results without consideration
of harmonic components
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Fig. 4.7 Experimental results with consideration

of harmonic components
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44

Fig4.9

T=-73[%],

l'sve

I'sve ;
Pl lsve
R, Ve Fig.4.9, Fig4.10
L sve L svc=21[%]
Vi 6 90° g
Pl
R’
I sve=8.0[%] ,
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I'sve , R’
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4.5

5 SvC
, , Table 4.1
, , DSP(Digital Signal Processor),
PC(Personal Computer), ,

T able 4.1 Specification of experimental equipments

200 [V]
35 [kKVA]
837 [mH]
2200 [ F]

2M B 1150F - 120

(1200V 50A)
2F 150G- 100D
(1000V 50A)

IGBT

45.1

Fig 48 5
50[A] 1200[V]  IGBT 50[A] 1000[V]
, 2200[ »F ]

IGBT 1.0[ 4F]
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Fig. 4.12. Main circuit of 5 level inverter
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SvC -

, DSP(Digital Signa Processor), PC(Personal Computer),

(D) : 3
200 : 6
878.7[Hz]
DSP
. DSP +5 [V]
220 [V] DSP
2 :5
DSP AD
DSP 5 [V]
(3) DSP, PC : ,
. C
DSP 12[ch]
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25

()
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Device)
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18-

, IGBT
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5
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Fig. 4.13 Configuration of SVC using 5 level inverter
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Photo 2) Photograph of gate driver

- 81 -



	Abstract
	제 1 장 서 론
	1.1 연구배경
	1.2 연구목적 및 내용
	1.3 논문의 구성

	제 2 장 S V C 의 무 효 전 력 보 상 원 리 와 5 레 벨 변 환 기
	2.1 무효전력 보상원리
	2.2 5 레벨 변환기의 구성
	2.3 5 레벨 변환기의 스위칭 패턴

	제 3 장 자 려 식 S V C 의 제 어 방 식
	3.1 dq 좌표방식
	3.2 VQ 벡터제어방식
	3.3 순시전력 지령값제어
	3.4 분압점 변동의 해석과 제어

	제 4 장 시 뮬 레 이 션 및 실 험 결 과 고 찰
	4.1 무효전력제어의 특성
	4.2 순시전력 지령값 검토
	4.3 콘덴서분압점 전위의 균등화 고찰
	4.4 손실저항 검토
	4.5 실험장치

	제 5 장 결 론
	참 고 문 헌

