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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 Urecheşti – Târgu Jiu Nord – Paroşeni – Baru Mare – Hăşdat. 
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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 

to a 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.  

 
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 l0 = 1,3 mH/km; Capacity c0 = 5 nF/km [4], [5].  

 This line is considered without losses, and in the middle, it could be installed an 

SSSC. It is supposed that for a dephasing between the ends of line θ = 30o.  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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 the phase constant 
 

β =  0,016 rad/km     (1) 
 

 the transmission angle  
 

 = β x L = 0,016 x 38 = 0,628 rad = 360    (2) 
 

 the characteristic impedance 
 

 =  =  = 425      (3) 

 

 the nominal power  
 

 =  =  = 113,89 MW     (4) 

 

 
Fig.2. Static Synchronous Series Compensator structure 

 

If U1 represents the voltage in Tg Jiu Nord Power Station and U2 represents the 

voltage in Paroseni Power Station and U1 = U2 = U, SSSC injected reactive voltage 

USSSC could be determine as: 
 

 =  -      (5) 

 

 +  =   +     (6) 

 

 = j        (7) 
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 The current Im is diphased behind of  taking into account that the voltage 

is increasing int the current direction. From the above equations result: 
 

 =      (8) 

 

 =    (9) 

 

 So, the active power circulation is obtained: 
 

P = Um․‧Im =     (10) 

 

  The current in the middle of the line in the case of compensation using 

capacitors batteries is: 
 

Im =     (11) 

 

Where km = 0,5 represents the compensation factor, so Im = 1,61 u.r. 

On the other hand, using an SSSC, for an angle θ = 30o, the current (rel.9) 

expressed in u.r in the middle of the line is: 
 

Im  =  =  = (0,837+0,837) 

 

 The numerical result is based that the two parts are equal and the injected 

voltage by SSSC is: 
 

USSSC = 2x0,837xtan18o = 0,544 u.r. 

USSSC = 0,544 x 220 = 108,86kV   

VSSSC =  = 62,92kV 

 

 The resulted active power for a injected constant voltage for a constant reactive 

power, expressed in u.r., is: 

P = A‧sinθ + B‧cos     (12) 

 

Where A =   =   = 1,7 and  
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B =  =  = 0,88 

 

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

12): 

 = 0 →A‧cosθ -  B‧sin  = 0   (13) 

 

 As cosθ  = 1 – 2sin2 ,  obtain the next equation: 

 

A ( 1 – 2sin2  )- B‧sin  = 0 

 

Being x = sin , the above equation becomes: 

 

2Ax2  + Bx – A = 0 ;→  2‧1,7‧ x2 + 0,88‧x – 1,7 = 0 
 

 For the angle  (0-π) the variable x takes positive values, as for x > 0 it 

obtains: 

x = 0,58 →θ = 72o 

 The maxim active power ( .13) for the above θ is: 
 

            Pmax = 1,7 ‧ 0,95 + 0,88 ‧ 0,8 = 2,33 u.r   (14) 
 

Pmax = 2,33‧ PN = 2,33‧113,89 = 265,36 MW 
 

 The active power with SSSC for θ = 0o, becomes P = B = 0,88 u.r, respectively 

P = 0,88 ‧PN = 100,20 MW. [8], [9]. In this situation the voltage in the middle of the 

line has the same value as without SSSC device: 
 

Um  =  =  = 1,05 u.r.   (15) 

 

 The voltages two the SSSC device limits are: 
 

 = Um  - j  = 1,05  - j  = 1,09   (16) 

 = Um  + j  = 1,05  + j  = 1,09  

  

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. 
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