UPFC FOR CONTROLLING
POWER FLOW IN POWER SYSTEMS
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Fransmission  compensation technigees have  been
sl ter coatrod ransanission Bne pocomceters linoa lng
time. Phase shifters perform controlling phase angle
differemce between voltianges af two boses, and series
compensation devices, sucl as series capacitor i5 vsed
I change the effective reactance of il line. Hoswever
ese compensalion technigues are ned sullicient st
encagzh to keep the svsten in stable operation i some
coatlingency sitations. Because they are mechanicalls
coptteolledd.  In order to0 overconee  the  operalion
limitations of conventiomal compensation 1echniguees.
a mew concepd  as introdduced  as  cFlexihle A
Fransmission Systems”™ (FACTS) [ 1] This new
teclmlogy has capability ol making the transmission
and distribation of electricity  more relible. smore
controflable.  and  more  ellicient  |2].  FACTS
techuntogy olfers greater coalrol of power to mannge
the direction of power fow on prescribed routes. an

impartant task with the advemt of privatization ol

electric power industry, secwre leading of transmission
fines wp 1o their  thermal  limitz,  prevention ol
casciding owlages by liiting the impacts of Fanlis
and equipment failure, damping of power sysiem
oscillations,

Amone the PACTS Fomilyv, thyristor-comirolled serws
capacitor ( TCSC) and thyristor-controlled siatic phase
shifter (TCSPS) could provide fast and  real-lime
control of active power through a [ransmission line [ 3-
4], Recent advances in high power technodogy has
mace it possible o implement all solid stale power
Mo comtrollers using power switching converters,
LIPEC is a new device in FACTS Tamily, which
consists ol series and shunt connected converters. | 5-
G 1 can provide real-time and simulianeous comtrel
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of power Now, This approsch allows e combinel
application of phose angle comtral withe contralled
serics and  shunt reactive compensaticm,  Also. the
vperation: mode can be changed from one stale into
another withoan bandware  alteralions 1o adapt
pavibicalar s chamging system condditions, This paper
aims topepresead TIPEC in steadv-state analvsis sl 1o
denwistrate the capabilivies of TIPFC jo controlling
potive power o within any electrical petwork. An
mgeeted pover medel method s used o represent
BUPEC e Do Ao presgerznm, PSASE | 7).

2. U'PEC Muodeling

Floe eaquinilent civemit of a VPEC can be modeled with
Pwer icbeal voltage somrces. Vo, and V., respectively in
series with the reactances, X, amd X, a8 shown in
Fig. 1. The series injection hranch. a series injeciion
voltnee  source,  perfonns the  main Tinctions  of
combiedling power Mow while the shumt breanch is osed
o prowide the real power demanded by the series
branely aeed e Insses i the LPFC svstem, Vo and Yoy,
are o representing the outpan voliages ol series. and
shine branches  respectively,  while X and X,
respectively denme the leakage reactance ol the two
coarpline tramshormess, 1o and 1,
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2.1 Representation  of  Series  Connecled
Voltage Sonrce of LIPFC ;
Since the LPEC is composed of two converters, firsi.
e muthematical modeling of Lthe series connected
comverter is derived, 1t is assumed that the  series



connected converter is located between nodes i and |
in a power system. lhe series converter can he
represented with an ideal voltage source V... in series
with a reactance X.. as shown in Fig. 2. V, represents
an ideal voliage source. and v, s the phasor
equivalent of two phases,
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Fig 2 Series Connected Voltage Source of the UPTC
V=Vi4V (1

The series voltage source. V. is controllable both in

magnitude and phase angle. i.e..
V =rtVe' (2)

where 0<r<r_ and 0 <y<2m.

The related phacm diagram of the concerned

parameters in Fig. 2 is shown in Fig. 3.
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Fig 3 Phasor Diagram of the Equivalent Circuit of
Series Voltage Source

The voltage of bus i. V,. is assumed to be the reference
vector. The power “injection model for the series
voltage source can be obtained by replacing V.. by a
current source 1. in parallel with the line. as shown in
Fig. 4. where |, _ !

X

i= -jb V. (3)

The current source l.. can be modeled by injection
powers at the two nodes i and j. i.e..
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=V (=1 )* (1)
V(l)* (5)
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Fig 4 Replacement of Series Voltage Sowrce hya
Cwrrent Source

The injected complex powers S, and S, can he
simplified as substituting Eqns 2 2 and 3 into Eqgn. 4.

S =V(jb |'V|c' )® (6)
S =Vie " harV,*) (7
S'=V'h, r[cus(--y ~90) + jsin(~y - 9())]

13y using trigonometric identities. Fgn. 8 reduces to
S =-tb_V siny—jrb V cosy (9)

Fqn. @ can be divided into its real and imaginary
components

Sea i,

where

P =-rb V siny (10)
Q = th_V’ cosy (1

Similarly, for the bus j. the apparent power equation
can be writlen as

§ =V (-jb rVe")* (12)

Finally. real and reactive power components can be
derived as

S =P +jQ,
where

P =VVrb, sill((!T—Q, +Y)
(). =V Vrb_cos(0 -0 +7)

(13)
(14)

Rased on the Egns 10, 11, 13. and 4. the power
injection model of the series connected voltage source
can be seén as two dependent power injections at
nodes i and j as shown in Fig. 5.
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Fig 3 Equivalent Power Injection of Series 'oltage
Sonrce

2.2 Representation of Shunt Connected Voltage
Source of the UPFC

The shunt branch converter is controlled to provide
both the real power, which is injected to the system by
the series branch. Pqipips. and the total losses within
the UPFC system. The total switching losses of the
UPFC is estimated to be about 2 °5 of the power
transferred. If the losses are to be included in the real
power injection of the shunt connected voltage source
at bus i. Pguy is equal to 1.02 times the injected
series real power Pgy gy through the series connected
voltage source to the system.

P ==1.02P,

SHENE SFRIFS

(15)

The apparent power supplied by the series voltage
source is calculated from
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Fgn. 16 can be divided into real and reactive

components as follows

P.=1h VVsin® -6 +y)

~rb_V siny (17)
Qiowe ==tb_VV cos(B, -0 +7)
+1b_V cosy+r'b V' (18)

The reactive power delivered or absorbed by the shunt
connected voltage source is not considered in this
model. but its impact on system can be considered as a
separate controllable shunt reactive source. the main
function of this reactive power is to maintain the
voltage level at node i within acceptable limits. In
view of the above explanations. it functions at unity
power factor. We assume that Qg =0.
Consequently. the injected power model of the shunt
connected voltage source is implemented with the

addition of a power injection equivalent to Pgy~y + j0
to node 1. as shown in Tig. 6.
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Fig 6 The Equivalent Power Injection of the Shunt
Connected Voltage Source

Finallv. the complete UPFC power injection model
can be constructed by combining all the series and
shunt power injections at both bus i and bus j as
shown in Fig. 7.
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Fig = Complete UPFC Power Injection Model

Where Pl.upl'c _i()l.l.l‘p'rc and P_rupfc it jQi.upl’c are
formulated as follows

P &5 e 3 e (19)
Q..=0Q, (20)
P.=P 21
Qo T, (22)
D 1Q s 71.02k0 V.V 5i0(8, =9, + 7)
+0.02rb_V siny — jrb_¥ cosy (23)
P..*+Q...= VVrb_sin(0 -0 +7y)
+JVVrb_cos(6 -0 +7v) (24)

3. Simulation Examples

According to the injection power model method and to
perform the analysis of UPFC incorporated in load
flow program. UPFC is located on the line between
North-l.ake in Hale Network [8]. The z!clive power

o)



flow in line North-1.ake in Hale 5-Bus system is equal
to 0.4184 pu. which corresponds to 41,84 MW (bhase
power is 100 MW): it is aimed to control the required
range of active power flow hetween bus North and bus
| ake in the range of + 50 ®a. ie. abont 21 62 MW.
In this simulation. efficiency of UPFC is taken as 98
o5, and X.. is taken as 0.5 % pu. The simulation results
are listed in Table 1.

-1_' (pu) | y° (degrees) P(g:‘; ;““l:::)
0.08 370 | 02189 | 21.89
0.07 270 0.2425 24.25
0.07 290 0.2737 2737
0.05 290 03117 Wkl
0.03 200 {.34527 35.27
0.01 290 0.3918 39.18
0.02 135 ().4393 43.93
0.03 110 0.4777 47.77
0.04 65 0.5132 SPa2
0.06 90 0.5646 36.46
0.07 90 (.5904 59.04
0.08 90 0.6162 01.62

Table 1 Simulation Results
NORTH LAKE MAIN
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S

O |

SOUTH ELM

Fig 8 Hale 5-Bus Test System with UPFC

The results show that the required active power flow
control range in the line between North and Lake. ie..
+50 % of the base power flow was obtained. It was
shown that a UPFC could be controlled in an example
power system 1o satisfy regulating and managing

power flow through a transmission line. The effects of

regulating power flow will not only change the
reactive flows, but also it will effect on magnitudes
and phase angles of bus voltages. total real and
reactive power losses as well.

4. Conclusions

[he main aim of this study is to represent the UPFC in
Joad flow program in order to control the power flow
on the electrical networks. The utilization of UPFC
will enhance  the  technical and  operational
characteristics of the electrical networks under
operating conditions.

In this study, a steadv-state mathematical model for
the UIPIC was proposed. The model can easily be
incorporated into the user-defined model of power
flow program. PSASP. The capability of UPHC in
power flow applications was demonstrated by the
simulation examples. The required active power flow
control range was successed.
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