
EasyChair Preprint
№ 6326

Regulation of Mains Voltage and Reactive
Power with the Help of a Synchronous
Compensator by Two-Axis Excitation

Nurali Pirmatov, Allabergen Bekishev, Shernazarov Safar,
Najmiddin Kurbanov and Usmon Norkulov

EasyChair preprints are intended for rapid
dissemination of research results and are
integrated with the rest of EasyChair.

August 17, 2021



 

 

REGULATION OF MAINS VOLTAGE AND REACTIVE POWER 

WITH THE HELP OF A SYNCHRONOUS COMPENSATOR BY TWO-

AXIS EXCITATION 

 
Pirmatov Nurali

1
, Bekishev Allabergen

1
, Shernazarov Safar

1
, Kurbanov Najmiddin

2
, 

Norkulov Usmon
3
    

 
1
Tashkent State Technical University named after Islam Karimov, Department of power, 

Tashkent, Uzbekistan. 
2
Karshi State Engineering and Economic Institute, Department of power, Karshi, 

Uzbekistan. 
3
Tashkent Chemical-Technological Institute, Yangier branch, Department of General 

Sciences.    
allabergen1386@umail.uz 

 

Abstract: The article describes the design of a synchronous compensator 

with biaxial excitation and its automatic excitation control system. In addition, the 

issues of ensuring the required voltage level at fixed points using synchronous 

compensators with biaxial excitation were considered. In addition, the U-shaped 

characteristic of a synchronous generator with biaxial excitation was obtained. 
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1. Introduction  

A synchronous compensator (SC) is a synchronous motor that operates in 

idle mode, i.e. no load on the shaft. The active power consumed by it (if we neglect 

the no-load losses) Psc~0, and the SC is loaded only with reactive current. 

Compared to a conventional synchronous motor, SK are manufactured with a 

lightweight shaft, they have smaller dimensions and weight. 

At present, the synchronous compensator of longitudinal and transverse 

excitation (type KSP-320-2) is one of the controlled sources of reactive power, 

which are manufactured on the basis of a hydrogen-water-cooled turbogenerator 

TGV-300M. These compensators, possessing high technical and economic 

indicators, are primarily intended for use in high and extra-high voltage networks 

in order to ensure the required voltage levels at specified points of the network 

(nodes of their connection), reduce electrical energy losses in power transmission 

lines, increase conductivity and stability. [1-4]. 

 

2. Methods 

The reactive power produced by a synchronous compensator can be found 

using the following formula: 

𝑄𝑠с = √3 ∙ 𝐼𝑠с = 𝑈𝑙

𝑈𝑙 − 𝐸𝑞

𝑋𝑑
                                                            (1) 
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where Xd is the reactance of the synchronous compensator along the d axis; 

UL-mains voltage; 

 

The value and sign of the reactive power of the SC depend on the ratio 

between the electrmotion force (EMF) Eq and UL - the voltage at the point of the 

network where the SC is connected. Eq is determined by the value of the excitation 

current, and an increase in the excitation current corresponds to an increase in Eq. 

If Eq = UL, the reactive power of the SC Qsc=0. With an increase in the excitation 

current (overexcitation) Eq>UL and the SC generates reactive power into the 

network, and the current generated by the SC, Isc, is ahead of the Usc voltage by 

90
0
. By reducing the excitation current, an under-excitation mode can be obtained, 

then Eq<UL and Isc lags behind by 90
0
 from voltage Usc. In this mode, the SC 

consumes reactive power, receiving it from the network. The rated power of the 

synchronous compensator Qsc.nom is indicated for the overexcitation mode. 

According to the design features associated with the heating conditions of the 

windings, in the under-excitation mode, Qsc = 0.5Qsc.nom. 

 

3.  Results and Discussion 

In figure-1 shows the U-shaped characteristic obtained as a result of the 

experiment of a synchronous compensator with a power of 12 kW, a voltage of 

220V, and a rotational speed of 1500 rpm. 

 

 
Fig-1. U-shaped characteristic of a synchronous compensator with biaxial excitation with 

a power of 12 kW, a voltage of 220 V, a rotation speed of 1500 rpm. 

 

In figure-1 shows the excitation current in the range from 0 to If0, the 

synchronous compensator operates in the under-excitation mode, with values 

exceeding If0, it operates in the overexcitation mode. In the under-excitation mode, 

the EMF of the synchronous compensator with biaxial excitation is less than the 

mains voltage, that is, Eq<UL, in the overexcitation mode of the synchronous 

compensator, the EMF exceeds the mains voltage UL, that is, Eq> UL. This means 

that in synchronous compensators with biaxial excitations, it will be possible to 

smoothly and automatically adjust reactive power in a wide range ±Qsc to increase 



 

 

and decrease the voltage in comparison with conventional synchronous 

compensators [8]. 

When choosing the power of the SC, it is found for the overexcitation mode, 

based on the desired voltage U2des: 

 

𝑄𝑠𝑐 =
𝑈2𝑑𝑒𝑠 − 𝑈2𝑛𝑏

 X
∙ 𝑈2des                                               (2) 

 

where: X is the resistance of the network to which the SC is connected. 

The positive properties of SC as sources of reactive power are: 

-the possibility of increasing the generated power if the voltage in the 

network decreases; 

- the possibility of smooth and automatic regulation of reactive power, both 

in the direction of increasing and decreasing the voltage. 

Disadvantages of SK: 

-the presence of rotating parts requires the presence of service personnel; 

- the cost of 1 kVar of power generated by the SC is many times higher than 

1 kVar generated by the static capacitor banks SCB. 

The use of synchronous compensators as a compensating device is 

illustrated in Figure-2. The voltage at the end of the line before installing the 

compensator is determined by the expression: 

 

∆𝑈 = 𝑈1 −
𝑃𝑁 ∙ R + 𝑄𝑁 ∙ X

𝑈2
                                                     (3) 

 

Let U2 be lower than desired. When the SC operates in the overexcitation 

mode, Qsc is issued to the network, the reactive power flow decreases, the voltage 

loss decreases and U2 increases, determined by the following expression: 

 

𝑈2 = 𝑈1 −
𝑃𝑁 ∙ R + ( 𝑄𝑁 − 𝑄𝑠𝑐) ∙ X

𝑈2
                                          (4) 

 

 If U2 is higher than the desired one, the SC is switched to under-excitation 

mode. Then Qsc is consumed from the network, the flow through the reactive 

power network increases, the voltage loss increases and U2 decreases, determined 

by the following expression: 

 

𝑈2 = 𝑈1 −
𝑃𝑁 ∙ R + (𝑄𝑁 + 𝑄𝑠𝑐) ∙ X

U2
                                           (5) 

 

When overexcited, the SC generates reactive power: 

 

𝑄𝑠𝑐.𝑜𝑣𝑒𝑟 = 𝑄𝑠𝑐.𝑛𝑜𝑚                                                      (6) 

 

With under-excitation, the SC consumes reactive power: 



 

 

 

𝑄𝑠𝑐.𝑢𝑛−𝑒𝑥 = 0,5 ∙ 𝑄𝑠𝑐.𝑛𝑜𝑚                                               (7) 
 

which leads to an increase in voltage losses in the network and to a decrease 

in voltage at consumers. Under-excitation of synchronous compensators can be 

used when it is necessary to reduce the voltage, for example, in the mode of the 

lowest loads. 

Synchronous compensator (SC) is a traditional reactive power generator 

used in modern power systems and as its controlled consumer. 

The generation (output) or consumption mode is determined by the 

excitation of the SC. In accordance with its U-shaped characteristic (Fig. 1) at 

nominal excitation (Iex.nom), the synchronous compensator delivers reactive power: 

𝑄𝑠𝑐.𝑛𝑜𝑚 =
UIn(Eq.nom − Uш)

xd
                                          (8) 

and in the absence of excitation (1EX=0) - consumes reactive power: 

 

|−𝑄𝑠𝑐.𝑛𝑜𝑚| =  
U𝐼𝑛

2

xd
≈ 0,5 ∙ 𝑄𝑠𝑐.𝑛𝑜𝑚                                        (9) 

 

The largest possible load of the SC with the consumed reactive power is 

achieved either at the boundary negative excitation current - Iex.bor. or in the absence 

of excitation (IEX=0) and the internal angle of the compensator δ=π/2, i.e. when 

the rotor is located along the transverse axis.  

Where in 

|−𝑄𝑠𝑐.𝑏𝑜𝑟| =  
U𝐼𝑛

2

xq
≈ 0,75 ∙ 𝑄𝑠𝑐.𝑛𝑜𝑚                                        (10)  

 

The boundary mode of consumption of reactive power is determined by the 

condition of the stability of the SC operation - maintaining synchronism. 

Synchronizing torque is created by synchronous electromagnetic Мс and reactive 

(due to salient polarity) Мr moments. 

With negative excitation, the highest consumed reactive power - Qs.bor is 

theoretically achieved in the boundary mode at δ=0. In practice, due to the 

presence of active power losses (for ventilation, friction), the power - Qsc.bor is 

achieved at an angle δ"=π/10. 

In the boundary mode, the SC falls out of synchronism. According to (11), at 

δ=π/4, the moments are: 

 

|−𝑀𝑠.𝑏𝑜𝑟| = 𝑀𝑟.𝑚𝑎𝑥,                                                           (12) 

 

and for δ>π/4, the synchronizing torque is negative. Even in the absence of 

negative excitation, the angle δ>π/4 increases as the reactive torque decreases. For 

δ=π/2, i.e. when the rotor is positioned along the transverse axis, the stator 



 

 

resistance is equal to Xq, and the power consumption reaches the highest value (10) 

in the absence of excitation (1EX=0).       

 

𝑀𝑠 =
EqUIn

xd
∙ sinδ 

 

𝑀𝑟 =
Uш

2

2
∙

 xd−xq

xdxq
∙ sin2δ                                           (11)  

 

 
Fig-2. Schematic diagram of the longitudinal and transverse excitement of the 

synchronous compensator. 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         

Such a regime is possible only under conditions of artificial stability of the 

SC [9]. 

Artificial stability of the SC operation when the rotor is located along the 

transverse axis is provided by the fast-acting alternating automatic control of the 

SC reversible excitation by deviations of the angle ±∆δ from the boundary value 

δbor=π/2. The resulting positive or negative synchronizing torques decelerate or 

accelerate the rotor, which, while vibrating, is held in a dynamically balanced 

position along the transverse axis. The excitation winding of the SC in this case 

plays the role of only holding the rotor in the specified position. The same role of 

holding the rotor in position along the longitudinal axis, i.e. at angle δ=0, and 

negative excitation can be performed by the second holding excitation winding 

located along the transverse axis of the rotor. Such SC with two excitation 

windings - the main longitudinal and the holding transverse - can be loaded with 

any limited, only thermal resistance of the stator windings, the consumed reactive 

power at the angle of the rotor position δ≈0. [8] 

 



 

 

4.  Conclusions 

1) synchronous compensators with biaxial excitation, have high technical 

and economic indicators, provide the required voltage level at given points of the 

high-voltage and ultra-high-voltage networks (nodes of their connection), 

effectively reduce the loss of electrical energy in power lines, solve the problem of 

increasing conductivity and stability. 

2) In synchronous compensators with biaxial excitation, it is possible to 

smoothly and automatically adjust reactive power ±Qsk in a wide range to increase 

and decrease the voltage relative to conventional synchronous compensators. 
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