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INCREASING THE TRANSMISSION CAPACITY OF 220kV
LINE USING A STATIC SYNCHROUNOUS SERIES
COMPENSATOR

MARIA DANIELA STOCHITOIU?Y, ILIE UTU?

Abstract As the Romania grid's electrical utility industry develops and grows, many
changes, including more production stations, transmission lines, and loads are encountered A
Static Synchronous Series Compensator is a FACTS device. This paper is focusing on the
theoretical study of series compensation method using Static Synchronous Series Compensator
(SSSC) in Romanian Electricity Transmission network as national developing plane installation
in the 220 kV axis Urechesti — Targu Jiu Nord — Paroseni — Baru Mare — Hasdat.
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1. INTRODUCTION

The availability of the power transmission network is available to anyone.
There are areas of the network where operating regimes that surpass the technical
transit limits on elements are regularly observed and leading to the emergence of
congestions that the Romanian Transmission System Operator (TSO) should handle,
including by redispatch measures, given the operating regimes resulting from
transactions on the wholesale electricity market. These redispatch strategies cause
market distortions while also increasing TSO operating expenses. These operational
issues can be resolved by Static Synchronous Series Compensator for transmission
lines compensation well as power oscillations dumping [13], [16], [19], [21].

Static power-electronic devices known as FACTS devices are installed in AC
transmission networks. Its use shunt or series compensation to increase the
controllability, dynamic stability, and power transfer capabilities of the networks.
Static synchronous series compensator (SSSC) is a FACTS device, that uses a voltage-
source converter (VSC), and it is coupled in series with the transmission line via a
coupling transformer [1], [3].
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The longitudinal static synchronous series compensator (SSSC) is a FACTS
device, the SSSC uses a voltage-source converter (VSC), and it is coupled in series
with the transmission line via a coupling transformer. In order to modify the flow of
both active and reactive power in the transmission line, the converter produces a
variable AC voltage source that is supplied to the series coupling transformer. Three
fundamental components of Static Synchronous Series Compensator are: Power
source; coupling transformer; voltage source converter (VSC). Two variants are
possible:

- the conventional SSSC, connected to the transmission line through a

transformer,

- SSSC device without the transformers, connected to the transmission line

through multilevel inverters [2], [15], [18].

The SSSC can be considered functionally as an ideal generator that can be
operated with a relatively small DC storage capacitor in a self-sufficient manner to
exchange reactive power with the AC system or, with an external DC power supply or
energy storage, to also exchange independently controllable active power, analogously
toa STATCOM [3], [14], [17], [20].

Its output is a series-injected voltage that models a controlled inductive or
capacitive reactance by leading or lagging the line current by 90°. The equivalent line
impedance can be changed, and the SSSC can improve the line's capacity for active
power transfer. Furthermore, the energy system can benefit from additional functions
and services offered by the highly controllable SSSC device.
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Fig.1. The national power system

The length of LEA between Tg.Jiu Nord power station and Paroseni power
station is about L = 38km and works at 220 kV, f = 50Hz. The specific parameters of
electrical line are: Inductivity lo = 1,3 mH/km; Capacity ¢o = 5 nF/km [4], [5].

This line is considered without losses, and in the middle, it could be installed an
SSSC. 1t is supposed that for a dephasing between the ends of line 6 = 30°. The
maximum transmitted power on the uncompensated line can be calculated followed the
next steps including the specify parameters [4], [6], [7]:
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e the phase constant
B = 0,016 rad/km (1)
o the transmission angle
@, =PxL=0,016x 38 =0,628 rad = 36° )

o the characteristic impedance
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Fig.2. Static Synchronous Series Compensator structure

If U; represents the voltage in Tg Jiu Nord Power Station and U, represents the
voltage in Paroseni Power Station and U, = U, = U, SSSC injected reactive voltage
Usssc could be determine as:

ule : PL_, _ _Usssc
@—jzctaﬂ? I_—U_ > (5)
vlo . fL , _ Usssc
—sin% +jZc tan? I_m = % + = (6)
R
Ussse =1° 7 Ussse (7)

Im
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The current Iy, is diphased behind of U taking into account that the voltage
is increasing int the current direction. From the above equations result:

8
_ U_q-cosa E
gm - ( cos% ) lz (8)

. 8
3 U-smg Usssc g
I = oL T 7z ) |5 ©)
- chln? ZZCtan? 2

So, the active power circulation is obtained:

@
U? sin® U-Ugssccos—
P=UnIn=o——+ —r- (10)
Zrsingy 2-25.51?1,?

The current in the middle of the line in the case of compensation using
capacitors batteries is:

.. B
u sinz

T (1—k,, ) Zesin2L
( m C 2

(11)

Im

Where kn = 0,5 represents the compensation factor, so In=1,61 u.r.
On the other hand, using an SSSC, for an angle 6 = 30° the current (rel.9)
expressed in u.r in the middle of the line is:

. 8 . 8 . 30
Sin— Sin— SIn— i
In =—& +——& =—=% + — 5= (0,837+0,837)
Sin— Sin—

sin— 2tan—
F 2

The numerical result is based that the two parts are equal and the injected
voltage by SSSC is:

Usssc = 2x0,837xtan18° = 0,544 u.r.
Usssc = 0,544 x 220 = 108,86kV

u
Vsssc = E.:Issc =62,92kV

—

The resulted active power for a injected constant voltage for a constant reactive
power, expressed in u.r., is:

a
P = A-sinf + B-cosE (12)

1 1
Where A = —; =—- =1,7and

SINQy, sing
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Usssc 0,544

= . P = . @ — 0,88
2s5in— 2sin—

2 10

The maximum value of active power expressed in u.r. is it obtained from (rel.

12):
oP_ 0 —A-cosf - B-si o 0 13
5g 0 —A-cosd - Bsin = (13)

g
As cosf =1 —2sin? > obtain the next equation:
.8 8
A (1-2sin?—)-B-sin—=0
2 2

(7]
Being x = sin > the above equation becomes:
2AX*> +BX-A=0,— 2-1,7- X+ 0,88x-1,7=0

For the angle € (0-n) the variable x takes positive values, as for x > 0 it
obtains:
x=0,58 —0 = 72°
The maxim active power ( .13) for the above 0 is:

Pmax=1,7-0,95+0,88 - 0,8 =233 ur (14)
max = 2,33+ Pn=2,33-113,89 = 265,36 MW

The active power with SSSC for 6 = 0°, becomes P = B = 0,88 u.r, respectively
P = 0,88 Py = 100,20 MW. [8], [9]. In this situation the voltage in the middle of the
line has the same value as without SSSC device:

cos> cos0°
Un :—(5’1.:—35: 1,05 u.r. (15)

cos— CcOs
2 2

The voltages two the SSSC device limits are:

u 0,544
Uy =Unl0 -j% =1,05(0 - j=5— =1,09] -15° (16)
u 0,544
U, = Un |0 +j% =1,05]0 +j =1,09|15°

2

2. CONCLUSIONS

SSSC is used to improve the steady state stability of 220kV transmission lines
in this study, the effectiveness of SSSC is to enhance the voltage profile and reduction
of active and reactive losses, moreover, SSSC is working effective in increasing the
maximum power transfer limit of the system.

359



INCREASING THE TRANSMISSION CAPACITY OF 220kV LINE USING A STATIC
SYNCHROUNOUS SERIES COMPENSATOR

REFERENCES

[1]. N. Hingorani, L. Gyugyi, Understanding FACTS ,1st ed. New York: John Wiley
& Sons, Inc, 2000.

[2]. Eremia M., Sanduleac M., s.a., Dispozitive FACTS. Concepte si aplicatii in
energeticd, Ed. Agir, Academia de Stiinte Tehnice din Roméania ,2017

[3]. www.entsoe.eu

[4]. www.transelectrica.ro

[5]. N. Golovanov, s.a. Eficienta energetica. Mediul. Economia moderna, Editura
Agir, Bucuresti, 2017.

[6]. Saurabh Pingale, Alviya Mahevas, s.a An overview of static synchronous series
compensator, Journal of Research in Engineering and Applied Sciences, vol.05, 2020.

[7]. www.economica.net

[8]. www.energynomics.ro

[9]. [Kumar A., s.a, Power system stability Enhancement using FACTS controllers,
International Conference on Emerging Trends in Electrical Engineering and Energy
Management (ICETEEEM), 2012.

[10]. www.irena.org

[11]. www.energy.ec.europa.eu

[12]. www.mesagerulenergetic.ro

[13]. Utu, I., Pasculescu, D., Power Quality Study in Order to Comply with European
Norms. Supplement of “Quality - Access to Success” Journal, Vol.18, S1, January, pp. 366-371,
2017.

[14]. Stochitoiu M.D., Utu, 1., Some aspects about using the modern high efficiency
motors for driving the conveyor belts in lignite open pits. Proceedings of the 71" International
Symposium Occupational Health and Safety, SESAM, Poiana Brasov, octombrie 2015.

[15]. Tabacaru T., Utu L., Masini electrice §i actiondri: culegere de probleme.
Universitas, Publishing House, Petrosani, 2012.

[16]. Tabacaru-Barbu T., Utu 1., Tibacaru-Barbu I.C., Simulation of a D.C. Drive
Static Converter Fed, Annals of University of Petrosani, 2003.

[17]. Utu 1., Stochitoiu M. D., Applications of power electronics in electromechanical
drives from mining plants. Annals of University of Petrosani, 2011.

[18]. Samoila L., Utu L., Senzori si traductoare — Principii de functionare, Editura
Univeristas, Petrosani 2010.

[19]. Popescu F.G., Slusariuc R., Utu I., Cucaila S., Stochitoiu M. D., Study of the
dependence of bending resistance in correlation to temperature of a conductive material,
International Multidisciplinary Scientific GeoConference Surveying Geology and Mining
Ecology Management, SGEM 18(4.1), pp. 643-650, 2018.

[20]. Stochitoiu M.D., Marcu M., Utu 1., Niculescu T., Popescu F.G., Modern
concepts and its application for energetically security requirement at different connected
sources. International Multidisciplinary Scientific GeoConference Surveying Geology and
Mining Ecology Management, SGEM Volume 18, Issue 2.1, pp. 591 — 596, 2018.

[21]. Utu 1., Marcu M., Popescu F.G., Stochitoiu M. D., Rada A.C., Determination
of the optimum operating regime for two power transformers 35/ 6,3 kV, Annals of University
of Petrosani, Electrical Engineering, Vol. 22, pp.71-76, Petrosani, 2020.

360


http://www.entsoe.eu/
http://www.transelectrica.ro/
http://www.economica.net/
http://www.energynomics.ro/
https://ieeexplore.ieee.org/xpl/conhome/6480927/proceeding
https://ieeexplore.ieee.org/xpl/conhome/6480927/proceeding
https://ieeexplore.ieee.org/xpl/conhome/6480927/proceeding
http://www.irena.org/
http://www.energy.ec.europa.eu/
http://www.mesagerulenergetic.ro/
http://scholar.google.com/scholar?cluster=1507513738514783631&hl=en&oi=scholarr

