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Classification of Compensators by Function and Type

Function

Passive

Active

Surge-impedance compensation
(Virtual- Z, compensation)
voltage control, reactive power
management

Line-length compensation
(Virtual- compensation)
voltage control, reactive power
management, stability
improvement

Compensation by sectioning
Dynamic shunt compensation,
stability improvement on
longer lines

Shunt reactors
(linear or
nonlinear)

Shunt capacitors

Series capacitors

Synchronous machines

Synchronous condensers

Saturated-reactor
compensators

Thyristor-switched
capacitors

Thyristor-controlled
reactors

Synchronous condensers

Saturated-reactor
compensators

Thyristor-switched
capacitors

Thyristor-controlled
reactors




:Jsl bgha 5Ll e
qEIBvY
o)z Lﬁu )L: S S & s \..‘ ~)u} J"éﬁj_\

!

(Z) aatin sl 5Ll >

oy bobs ool bas -

(0) Lo (Su U Jsb ol



D538 slpatiuns j0 98Ty g5 S

aatin uilael 2ol =)

Z :\/E Z/— L_/
0 C ' 0 /
V2 / 2
Poz—o P :_0/
Z, Z,

Al o ey s 5y by s aal P =P, S U
s hs S S0 b ol
6=amLC =5 ¢ —apL'C’

Lel =) 9|




(g5l e gl
shunt) ;. 5l o> -
$3lse 05l -

Sl Sl -
(series) ¢ v 5l > —

S 0)B =



:C| oSG (6 s BoY o\l

(shunt);lse sl o

(series) s w ilusl o —



(SHUNT) ¢l 0 5l o
fedd )3 5L 5lse 5 e BoOF o bs Job sy s 1, Ly oeslSsul 81 -

: 1 . 1
"= j(wc———)=jaxc(1-
y I a)L) J o w*cL

v v

)

A :Ksh j y,: JC()C(].— Ksh): y(l_ Ksh)




(SHUNT) ¢l 0 5l o

PR BIpC " $lse 5 0 BIOS SCos bs Jobasly o), Cysh 53 81 =)

: : C
V= j(@ctac,) = joo (L+—==




(SERIES) s o 65\l o

:m-hJ)‘JsQ\\{&ﬁjouﬁ‘jj:g:))yﬂbgj}»‘)).ﬁ\) Cysebj’\_é-;\—

z’:jwl+;=ja)l(1—%)
Jaxc w°lc

yse yse

1

C()C;/se :Kse : Z/ _ JCOI (1_Kse)

ol

/
=7 = /27=Zo«/1—|<se

=60 =0,/1-K_



S~ 9 S5l ge S\l o

2-3;..5 X L w5 ol ol o 50 2 Jf‘

/
I _ Z_ _ 1_Kse / / 1_Ks
Zo_\/y/ _ZO"/l—Ksh 0' =01-K,)1-K,,) P/ =P, /1—Ks:

P
P s P =L sl 5l e s b K s
P=P__sin(o) >~ 5in(0)
t$olail e 5l
| p, [-Ks
/I I:)0 / 1_Kss
max ~ - / = I:)max: .
Sln(g ) Sm(@\/(l_ Kse)(l_ Ksh))

P/ PO

max 1_K -
1,ﬁ Sln(g\/(l_ Kse)(l_ Ksh))

Ca.w‘E-Jm\&\gQ‘jﬁé}‘yﬁwéﬁéju\ﬂﬁ%ﬂjb60“3&\*25\!\{&@‘)




L 1 L 1 | 1 1 1 1 | L 1 1 1 1 | —
7 6 -5 -4 -3 -2 -1 0 01 02 03 04 05 06 07 08 09 10
Capacitive Inductive Keh
"“" Compensation Compensation vy

FIGURE 16. Virtual surge impedance Z; as a function of kg, and kg. (Uniformly distrib-

uted compensation)
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FIGURE 18. Virtual wavenumber 878 as a function of kg, and k.. (Uniformly distribut-
ed compensation)
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FIGURE 17. Virtual natural load Pj as a function of kg, kg



\Es\z\Er\zlpu (O =£4Y") Ll Fe ol bl

1 1 =¢w‘° s < Do Soludl e 51 )8
V. = = =1.22pu

0 69.7°
COS(— COS
(5) cos(=o)

Q, =-Q, =P, tan(2) =P, tan

69.7°
2

) =-0.696P, =—-0.696 pu
1
P :EPO =0.5pu Lo ceed

0 0 0.\ oy P
B, =V, C0S(2) + 2ol Sin() — \ES\Z:(Vmcos(E)j +(z0|msin(§)j

P

I, =

vV o \? o 2
— 1=(Vm cos(69'7 )j +| 1x 1 sin(69'7 )
2 B 2

_1.486++/1.486% — 4x 122
2

———> V. _*-1.486/ _°+0.122 >V °=

— 5V _?=0.743+0656 —>» VA =1.18pu
.r‘%_)\.b )u‘g Aé\nb\ 7-\/\ @‘.:-L _)\{ MJJ U



(O =£4Y) Ll e ol sl aals

sm( ) V
_ _ —m)2
Q, =Q, {( )Q/m) (VO)}
Sin(69 )

_ -p £ —(1.18)? | =-0.569P. = —0.569pu
—5Q, =, =P {(2) (S~ )} : )
p -t P _y06pp,

sin@ sIin69.7°
P=P__ sin(6) — 5:sin‘1(i):sin‘1( ) = 28°
mex P 2x1.066°

max

a3 YA 6 asly & s JUast | e L Gial o el g 545 b b ST
et Sl ol v 4 Ko 5

E :14140 E :14—14o



(O =£4Y) Ll e ol sl aals

ol K =084 il o3 S B el
0 =0,/1-K_ =69.7°1-0.8 =31.2°

PO’ = R =2.24P,

1-K,,

P

P/ = - =4.32P

‘\ll_Kse Sin(g\/ (1_Kse)) °

Id)\e < D°
1 1

V. = 7 3120 =1.038pu

)

cos(—) cos(
2
31.2°
2
Sl a8l 55 5Ll oy S a4y s S BLol 50 e sanlin S 4 kes
2,3 35y S s e Lo g Ol 2,3 s8) oly Qe K Js

/
Q. =Q, =-P/ tan(%) = —2.24P, tan( ) =—-0.625P, = —0.625pu



(O =£4V) Ll e oolime bs il aalsl
P=P; = 2.24P; sm 55\l oz 5wy box anb DL 6 o3l 4 L Sheslal s
D iead Gl s )uj J-djj O Vm leu c\fw\ w\.w\a

Q,=—1Q, =0
5:sin-1(i): (224P0) ~31.2°=¢'
P 4.32P,

MLLS" 0 §L‘>S”_b\ )Jo)\ﬂu?

o s il K =080 5l 3l g Ll edle S 2 2 I

=01-K,)(1-K,,) =69.7°\/(1-0.8)(1-0.5) = 22°

1-K,,
1-K

Se

—1.581P,

P/ PO

N 1-K,, .
]__K::SIn(e\/(l_Kse)(l_Ksh))

.o ¢ o / . . Slee e 4 . . *
.w\a J&\j:u PmaX)'b u;\.)u::- Ju\a o ng\.«.u\‘f::- \.AJ

=4.214P,




(O=£4V) Ll fee oolime b i e aals)

2@.)‘3 LS)\'i < J° J

V. = l, = 1 =1.019pu
o cos(220)
cos(z) 5

22°
2

/
Q. =1Q, = —PO’ tan(%) =-1.581P, tan(—) = -0.307P, = -0.307 pu

:P-'J’)\J( P = PO/ ) d)\.))\.g Pr w
5=0 =22°

W RS SISO "5 S Swelos ol as ol s

/
5§=30° — P =P/ sin(30°) = P;ax — 4'2124P° =2.1P,




JSJ"*" ok O\JP.'
Dol g Cardy p fN ASﬁS@@Q,\,m,a\jM\);u\ﬁ
s loclsubl la5 1glgiil 3 jSpraio Cuisd (gjLw )]

E. =V, cos(8)+ jz,l, sin(0) | |
r L

| =1 +1, LY +
£0 Es% JB V
Vr:’\/r‘ ) 4 _r
| _PL JQL
-V
" B >0 — b
| =BV, = 19 if 4 7
Y v .
V., B <0 — s\
PL_j(QL+Q) P —jQr
|, = V, e LVr - Q=Q+Q,

E, =V.Cosé@+ jZ, i :/JQr Siné

r



E T i s ol o e

L

E. =V.Cosé+ jZ, i ;/JQr Siné |

B, @ j87 v
= E, =V, cos(d)+ 2o S'C(Q)Qr +jz, sin(6?)\|7—L —

r r

- 2,sin@Q, | [. . BT
|E,| _{Vrcos(0)+ v } {zosm(e)v }

r r

22) Pl )y b sl 5 o 35Uy 5L g 5 eatlyi 5]

‘ES‘:lp.u.
Vr:1p.u.

z,sin(0)Q 1—cos(0)
P.=Q, =0 _ 0 7 -
L =Q. = |E|=|V, cos(9) + v ' =7 sin(@)




dgwh;_;@;\);;ﬁw@ub\ﬂ

N _ . 1—cos(8) ,
.@.)‘3 )\-.9 )}'5‘) 5\.{ Ao Qy >“9fr§ s ek y :W S &e‘) )‘
Q 1—-Cosé

B,=-—% , V.=1""= B =-Q =-
VA f =% Z,Sing
, i
X =Y DV =1 = X = 1 _ Zeoind
Q, Q, 1-Cosé

ol b e ail B =B |2V, wS o S

z..sin(@ Z.sin(@
V, =V, cos(d) +— OR, =V, (1-cos(d)) = — OR,
VO VO
VE@A-cos(d) VE1-co8(6) sy ) Vo

=Q, > Q, = —tan(g) =P, tan(g)

Z,Sin(0) z, sin(6) Z,



dgwh;_;@;\);;ﬁw@ub\ﬂ

* ..“ Lo ~O'.- *
=ImE,1]) "< Q =E.l

I, =1, cos(9)+jv—fsin(9) ] g y
e L=V, D os(0) + Lsin(o)
r— y_J y =V, ZOS|n(9 ) ZOSIn( ) Z0
V. Cos#—Cos’d | .V. 1-Cosd
|, = ]=-| Sind— : = [[— —
Z, Sin@ Z, SIn@
. E.E, 1-cos(@ > 1- ’
Q. =Im| —j EEe. _cos( ) = Q. _ Vo1l _COS(Q)z—V—Otan(Q)
Z, sin(o) Z, Ssin(o) Z, 2

=Q, =-Q, =P, (%)

.J)\.J‘)Lg)\a )Ju)\mbb\ﬁumthéww



gwbdgﬁ\)aﬁj@wbﬁh&\ﬁ

a = 200 miles J.u\-é Y. Jjb h"' &S-‘ LS‘J:’

I

jX
Es ' Ve
l—o
al2 al2 ‘
(a)
Voltage profile
4
1.0 pu 1.021 pu 1.0 pu
b)

Current profite

.2055 pu

2055 pu L/
(c)

FIGURE 24. Voltage and current profiles of a shunt-compensated line at no-load. (a =
200 mi)
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