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Ideal Series Compensator
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Voltage Profile
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Mode of Operation
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An Example
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Voltage on the left
Woltage on the
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Power-Angle Curve
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Reactlve Power
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Alternate Method of
Voltage _rJJe;tj

IESSENIESICOMPENSElL
NG E U ENVIEIN

SONICITENIEVE assumed LA EN I ECLED
\/OJFIJe m?lgn]"rud [SENEIOP OB EINSLORNIE

MGl EESoIREIENITESCUINEN I

P owe pow relens iiple cssupmeclon, Engn Epe
frlelgjpiliitiele gf Epja gl jeaiec] Vv Jﬂgl_ga [SROIVEINGY




96



lTl

xpression for Power

FOf e eslgaglile gy reijof)
Xl = Ng| + 2V sin(5/2)
EOISEIENNENCEHVENOPE IO

X|lg| = M|+ 2V sin(6/2)

Fag gower Flow s Enler) ¢lyer) Oy

VAR V |~
P :YsmdiY'\/Q‘cos(d/Z)



Capacitive

[ Y

—~Uncompensated

Inductive

=]
(=B
—
-
s
o
('
o

L




-

sSeries Compensatc
Modes of Operatio

WEpl  clgorogrieiie egpifgl, "Lhe
SOIMPENSELOINOEIEILESHIIRAONIOUES

e CONSEENtRECLANCE

s Consianic Volitage




—— Constant reactance mode
---- Constant voltage mode
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— Constant reactance mode
---- Constant voltage mode
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Power Flow Control and
Power Swing Damping
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Example (Continued)
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cample (Continued)
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Regulating Control
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Example:
Tracking fom trol
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TCSC - Fundamental
Characteristics
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TCSC Control
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TCSC Control

Bypass Mode (continued):
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555C

TESC

Capable of internally generating a
controllable compensating voltage
over an identical capacitive and
inductive range independently of
the magnitude of the line current.

Can maintain maximum
compensating voltage with
decreasing line current over a
control range determined by the
current boosting capability of the
thyristor-controlled reactor.

Has the inherent ability to

interface with an external de
power supply to provide
compensation for the line
resistance by the injection of
real power, as well as, for the line
reactance by the injection of
reactive power independent of
the degree of compensation.

Cannot exchange real power with
the transmission line and can only
provide reactive compensation.




555C

TESC

*» The SSSC with its
transformer and dc storage
capacitor are installed in a
building.

e The SSS5C is operated at a

relatively low voltage.

TCSC is coupled directly to the
transmission line and
therefore operates at a high
voltage.

The cocling system and control
are located on the ground with
greatly increased insulation
requirements and control
interface complexity.
Therefore its maintenance and
servicing are relatively
cumbersome.




S555C

TESC

The SS5C is more effective in
power oscillation damping. This is
achieved by modulating the series
reactive compensation to increase
and decrease the transmitted

power, and by concurrently
injecting an alternating virtual
positive and negative real
impedance to absorb and supply

real power from the line in
sympathy with the prevalent
machine swings.

The TCSC can damp oscillation
only by modulating the reactive
compensation thereby affecting
the transmitted power.

S55C uses GTO thyristors, which
have lower voltage and current
ratings. Their short-term surge
current rating capacity is low.
They may need external fast
protection during severe line
faults by an auxiliary conventional
thyristor bypass switch.

TCSC employs conventional
thyristors with no internal turn-
of f capability. These thyristors
are available with the highest
current and voltage ratings, and
they have the highest surge
current capability.
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Other FACTS Controllers
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IPFC (Continued)
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PAR - Phase Shifting

INEN O] ERE NSNeLEI I ECRCONEINSNIEIIBICSS
INENUNEANENEINCOPBIENINOIRHIEN G LCUE
[SREIVETINGY

V, =/a? +b?0] tan'l(%j

a= ’\72‘ _’\Z‘ (cos2a -1), b= ’\71‘ + ’\72‘ _’\71‘ (ﬂ—a+8in£j
21T 21T

2

We ezl tperefora ery iple iunclpen tel) volitsiee
PYAVIR/INEREIENE AN I ENG?



Common
dc storage

143



144



iEEEnm
.t ey,

L LLL I

a
-
[
[
n
[
-

-

]

145



C

(P

—

Vs

=V

OO

V, =V

PEC - Real & Reactive Power

-3, V=V

Pg

-p

IENNBIFEHENNCOMPENSALEG SYSEEMNIZ7=10)
We plelye

P

V2

P, =—sno

X
V2

QR = _Qo

X

—(cosd -1)



=OINIENCOINPENSLECRSYSLEN

P-jQ.=VO-0 =

SOIVINCORVENIELE




UPFC - Real & Reactive Power
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Real vs Reactive Power
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