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~ ll'aCt．"The region of al瞰Id ofone-machine infinite-bus pow~"system with sta~c synchronous c(脏lpef酗l0r(STAT- 

a0M)was estimated．The mathematical model ofthe system was given and the encfgy funcfiotl was derived with first．删legral 

based Oil the mode1．The c0ns目、，a】 ∞ of the model to reflect danong effect was discussed．To tide over the conservation，a 

damping-reflected ef func~otl was derived．Based Oil the eI嘲 func~otl，the region of attractiotl of the system was studied 

and a siⅡn]llj example was given． 
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摘要：研究了包含静止无功发生器( A蚴 I)的单机 一无穷大电力系统的吸引域．首先给出了系统数学模 

型 ，用首次积分法导出系统能量函数 ．讨论了用此方法所得能量函数在系统稳定域估计 中不能反映阻尼效应的局 

限性 ．为克服由此造成的在系统稳定域估计中的保守性 ．导出了一种能反映系统阻尼效应的能量函数．此种能量函 

数可作为估计系统稳定域的李雅普诺夫函数．利用这一函数对系统稳定域进行了估计，并给出了仿真结果． 

关键词：静止无功发生器；单机．无穷大系统；吸引域；李雅普诺夫函数 

1 Introduction ． 

The concept of flexible AC transmission system 

(FACTS)raised by scholars of the United States and the 

application of the technology afford a new important 

nlc籼 to the control of power system stability．Static 

synchronous c【m lel1sa白0r(STATCOM)iS a member of 

FACI'S．Several such apparatus ale in operation at home 

and abroad．Extensive and Intensive research Oil the ef- 

fect of STATCOM that is exerted on power system have 

been carried out． Based Oil the theory of controlled 

Harmilton systems，Reference[1 J analyses the iSSUe． 

References[2，3 J and[4 J study the nonlinear control 

for STATCOM and the improvement on the voltage sta— 

bility，system damping characteristics and transient sta— 

bility．Based on the Lyapunov direct n~thod[5'6l
。
the 

region of attraction of one—machine infinite-bus power 

system with STAIL'ZOM is studied in the paper to inves- 

tigate the effect of STATCOM on the stability ofthe sys— 

teⅡls． Compa~ with the studies ever。the paper exten— 

sively vedfied the effect of STATCOM on the stability of 

po wer systems． 

2 M athematical model of one．machine 

infinite-bus power system and energy 

function 

Hgure 1 shows a one··machine infinite·-bus po wer sys·· 

tern with STAIL'ZOM ，which iS equivalent to a varcUlT- 
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ent source，connected in parallel tO the electric midpoint 

of transmission line[71
． In the case of the voltage of the 

point as phase reference， 

be written as 

( —Eqejd／2)+ v一 书 )一 j ． 

(1) 

Setting = ，we obtain 

= c。s ／2+ (2) 

such that the electric pc州er output of the gl~leIator(G)is 

P。： 2( c。s害+等 )sin = 
2 

sin +吉 sin ． (3) 
Using the second order model(swinging equation)of 

the generator，we get the mathematical model of one- 

machine infinite-bus power system with STATCOM  as 

= t．O 。 (4) 

+ ： P 一等sin 一 sin ．(5) L 一 一 
The meaning of the terms in the equations above call be 

found from[7]．From equation(3)，it can be seen that 

the STATCOM can change the electric power output of 

the generator and in the case of(4)and(5)the uSe of 

STATCOM colTespons to increasing the damping of the 

system．During the analysis of system stability，the in— 

put machine power Pm and the output voltage of the gen— 

erator without any load are assumed tO be constant．In 

that case，ignoring the effect of clamping，we obtain the 

energy function by the first integral 川．Based on ~qua- 

tions(4)and(5)，we obtain 

E：吉 z+ E2(c0s 一s )+ 

EqlcR(c。s譬一c。s )一Pm( 一 (7) 
where is the singular point of the swinging equation， 

i．e．， 

鲁s 。一吉 sin 一o．(8) 
Based on this，we get廿le energy conservation law ofthe 

system 

吉 z+鲁(c0s --C08)+ 
Eflcn(c。s字一c。s )一P ( 一岛)= 

(9) 

where E0 is the original energy of the system ． 

A stable region ofthe system operation can be derived 

by gle．mls of the energy function above．But the estima- 

tion is too conservative due to the fact that the energy 

function E of the system obtained Via tI1e first-integral 

does not reflect the damping effect．If the damping coef- 

ficient of the system is large enough，the stable region 

will be extended．The following will give a kind of ene~- 

gY flln~ on reflecting the dampmg effect of the system ． 

(a) tme-machine infinite-bus power system with STATCOM (b) equivalent circuit 

Fig．1 One-nmehine infinite-bus pOWO7 system with STATCOM and its equivalent circuit 

3 Lyapunov function of system When there exists damping in the system， 

The tel'Ins I℃l删 tO the damping will be added into e— derivative of the energy function E is given by 

quation(9)in order tO reflect the damping effect ． 华 ：一 ． df 

the time 

(10) 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com


 

!：! Mill et al：Effect of st~iJc synchronous compensator Oll stability ofelecaic l黜 767 

Equation(9)changes as ‘ 

{ + (c0s -cos~+ 。 字一 
c。s萼)一Pm( 一岛)+ dz： ． 

(9，) 

Multiplying both sides of equation(5)by(A3)and in— 

tegrating it in the time interval[0，t]，0I1e obtains 

(△ t+ (△跏 t： (P 一Pe)(△跏 t 

(11) 

一 ，△ = 一 ，P ： 

2

sin +吉 in害． 
Considering∞ = d3

= ，with the integration of 

part integral，we can write the first term of the equation 

above as 

rt rt I M(o))(A3)dt=M~(A3)一MI∞ dt
．  

J 0 J0 

The second one can be integrated directly
． By operation 

equation(11)can be written as 

∞(△ )+吉 (△ ) 一 J．二(P 一P )(△ )dt． 
(12) 

From equation(12)，the final term of the equation(9 ) 

can be  written as 

rt I dt
：  

J 0 

Bto(a~)+ 1 D2(△ 
一  (P 一Pe)(△渊 f． 

By splitting the damping loss and from the eq uation 

(9)，the energy of the system can be obtained as 

昂， (∞， )= 

吉 z+ (c0 一 + 

Egc~(cos譬一c。s害)一Pm( 一 + 
∞(△ )+ 1 D2 (△ ) 

．  (13) 

The el~ 'gy function is related to two parameters，one 

of which is the controlling variable lCR with which the 

electric power output of the generator can be  controlled ． 

Th e othL~r parameter， ，reflects the affecting level of 

the damping effect Oll the en~gy function．Th e follow— 

ing shows that the function 
， 
(∞， )can be as the 

Lyapunov function of the system and by ch~ging ， 

different regions of the stable operation can be obtained
． 

At first，the function 
， 
(∞， )is defined posi— 

tive．As a matter of fact，around the stable equilibrium 

t， = ，P = sin +吉 sin ，n 
second and third terms of equation(13)is written aS 

)= (c。s --C08)+ (c。s字一c。s )． 
)caIl be expanded as Taylor series and the first three- 

tel'Ins are reserved such that 
． 1os(co， )can be approx— 

imated as 

E 
．
1强 ≈  

吉 + +吉 + 

SqICRc。s譬+ 1 D2(△ ． (14) 
F姗 the above equation，it call be  seen that 

， 
is 

larger than zero( ， >0)．Fmttmmom，the time 

derivative of the function 
， (∞， )is 

： _(1 z+刍(P -Pe)(△ 
(15) 

When is at a neighbor around o，(P 一P )(△ ) 

<。，such <。． au ∈ [0，1]， 

time derivative of the energy function E 1
强

is defined 

negative． 

It follows from the above—mentioned  the energy func— 

tion 
， 
proposed caIl be served  as the Lyapu~v func— 

tion of the system ． 

4 Estimating region of attraction 

Equation(13)can be seen as the first integr~of an— 

other form  of the system dynamic equation
． By setting 

， 

= Ec(constant)，its equal-valued line can be ob— 

mined．When the constant is diffel~t，a set of仕ajec：t0 

can be  got on the phase plane． 

There a three types of the trajectory．the first of 

which is closed cur~es at E 
．
I > Es where E3 is the eli— 

ergy value corresponding the saddle po int of 
． 1ca ， 

which will be discussed lately。Due to the damping ef- 

fect the curve above will tend to the orion point ofphase 

plane as the time passes．Th e second one is non-closed 
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curve of E 
。
l阻 > E" which Call not tend tO the origin 

point·The final one of E 
。

I强 = Es is the demarcation 

‘ line between the regions above，called critical line which 

is also a dosed curve．The domain within the critical 

line is the stable region of the system operation．By let- 

ting equal tO all different values on the interval[0，1]， 

we Call obtain different stable region of the system ．By 

taking the union of the stable regions above the largest 

region of the asymptotic stability，the region of atli'ac- 

tion Call be got．As a controlling variable reflecting the 

effect of STATCOM ，the value of the"cal"current Call be 

adjusted tO change the stable region of the system under 

different SO that the region of atlraction of the system 

is expanded．From the above，tO ask for the stable re- 

gion of the system under certain ／cR is tO calculate the 

closed trajectory E ．tcR(o~，8 = Es on the phase plane 

while E depends upon the saddle point( ， )，calcu- 

f ．。， l U' 
{1 (16) 

． 1 ．。． u L a 
．  

一 u ’ 

The stable region of the system is the domain encir- 

日， = ， (∞， )= E· 

An example is studied in order to investigate the effect 

of the vat cun~nt denoting comtmasating level on the re- 

gion of atWaction of the system ．In the example，we set 

= 1．1，P = 1．0，M = 0．0255， o = 0．237 rad， 

D ： 0．4， = 0．30．The equivalent vat cunent of 

STATCOM is 0，2，and 4 pu separately，for each of 

which。the parameter is taken 0．6 for simulating cal- 

culation SO that three different stable regions of the sys- 

tern ale obtained．Fig．2 shows the simulation result from 

which one Call see that under certain parameter ，as the 

vat current／cR of the STATCOM increases，the stable 

region of the system will extend． 

1OO 

5O 

黾 0 

8 —50 

—

1OO 

一 5 0 5 

／tad 

(a) lcR=0．0pu 

T  

8 

8 

／rad 

(b) ／cR 2．o pu 

／rad 

(c) ／cR 4．0 pu 

Fig．2 Region of atl／action：．：I= 0．6 

5 Conclusion 

The paper studies the one-·machine infinite-．bus l~wer 

systems with STATCOM ，derives Lyal~ ov fu~ on for 

stability analysis and discusses the es~m ling aq9 砌  

for the region of attraction based on the function above
． 

The simulation curve shows that the 叩 Ⅸ plDI，oSed 

is appropriate． 

The simulation~esult reveals the cb．~ging tendency of 

the stable region of the system as tl1e~uivalent VIII"cur- 

rent of STATCOM increases，which indicates STAT． 

COM  is beneficial for stable operation of the system and 

efficiently expands the asymptotic stable region(region 

of attraction)of the system． 
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