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Abstract. The paper presents the results of scientific research, firstly, the effectiveness of the use of energy 

storage systems as stabilizers of alternating current frequency as a part of gas piston installations in 

decentralized and centralized (operating in parallel with the power system) and their simultaneous use for 

excitation forcing of generators during voltage dips is proved, secondly, The efficiency of using increased 

field-forcing ratio of the synchronous generator of the gas piston installations is proved to improve the 

power quality of industrial consumers. 

1 Introduce  

The operation of low-voltage electric motors for oil 

pump drives, fans, and similar mechanisms included in 

technological protections of technological processes, 

microprocessor technology, telecommunications systems, 

automated process control systems, expensive medical 

equipment, standard blocks of new digital technologies 

and the Internet, is often interrupted by short durations 

(in milliseconds) power failures and overloads that occur 

20-30 times a year and lead to expensive economic 

damage [1-3]. 

The existing market for solutions to improve the 

power quality is focused on the old system of views and 

design standards for protecting enterprises from 2-3 

power outages per year, although up to 10 - 40 occur in 

different regions [4, 5]. Thus, according to the data of 

the enterprise Organic Synthesis PJSC, about 15 short-

term voltage dips (VD) per year lead to disruptions in 

continuous technological processes, which causes the 

damage of about one hundred eighty-eight thousand 

euros. for one short-term power outages (STPO) [6, 7]. 

These numbers show that technical solutions that are 

very expensive to compensate for the effects of STPO 

can be quite economically justified [8, 9]. 

One of the effective ways to improve the reliability 

and power quality during STPO in the areas of a 

centralized and decentralized power supply is the use of 

gas piston installations (GPI) running on natural or 

associated gas. In decentralized zones of power supply, 

they must be supplemented by energy storage systems 

(ESS) in the presence of sharp disturbances from the 

load side. 

In this paper, we consider the technical aspects of the 

use of ESS, including the excitation forcing of 

synchronous generators GPI in order to increase the level 

of residual voltage on the load during short circuits in the 

supply grid [10, 11]. It also considers the use of ESS in 

centralized power supply systems to ensure the 

excitation forcing of synchronous electric motor (SEM) 

and generators (SG), connected to internal industrial 

power supply systems. 

The main problem of using the excitation forcing of 

synchronous machines (SM) at the moment STPO is that 

VD extends to the entire power supply system. As a 

result, the valve converters of the SM excitation systems 

are powered by a low voltage and cannot provide the 

needed magnification of the field-forcing ratio. 

In the paper, as the simplest indicator for evaluating 

the efficiency of excitation forcing, the concept of 

"allowable voltage level under stability conditions" is 

used on the common buses from which the electric 

drives are powered. 

2 Simulating model of work of an 
autonomous gas-piston installation, 
including a synchronous generator and 
energy storage systems 

GPI from gas turbine and diesel generator sets are 

distinguished by simplicity, reliability of the design and 

the highest electrical efficiency, which when working on 

Russian natural gas is approximately 41–44% [12, 13]. 

The widespread use of GPI is currently limited by their 

sensitivity to significant rise and shedding load, which 

leads to the output of frequency values beyond the 

standard values and to the corresponding operation of 

emergency automatics. 
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The solution of the problems described and a general 

increase in the efficiency of closed energy systems is 

possible through the joint use of GPI with ESS, which 

allows the GPI to be put in the basic mode of operation 

with a constant load. Changes in the load are worked out 

with ESS. Studies of the effectiveness of the action of 

ESS under disturbances from the load side were carried 

out on the example of a typical scheme of small 

generation, Figure 1. 

 

Fig. 1. Schematic diagram of connecting ESS and SG working 

autonomously. 

An appropriate simulation model was developed in 

the Matlab-Simulink software environment [14], which 

is shown in Figure 2, where ESS presented simplified in 

the form of controlled AC sources. 

The combination of ESS with an autonomous 

generator involves solving a number of issues related to 

the selection and optimization of the parameters of the 

created electrotechnical complex. The simulation results 

without the use of ESS are presented in Figure 3. 

As can be seen from Figure 3, at times corresponding 

to the connection of an additional load (5 s, 11 s, 16 s), 

the voltage frequency decreases to values of 48.5 Hz, 

46.0 Hz, and 43.8 Hz, respectively. 

At the moments of disconnection of the additional 

load (8 s, 13 s, 19 s), an increase in the frequency of the 

voltage above the nominal value is observed to 51.7 Hz, 

53.3 Hz, and 54.2 Hz, respectively. Technological 

emergency automatics will disconnect the load even 

when the frequency changes beyond 50 ± 1.5 Hz. The 

use of ESS solves the problem of the sensitivity of the 

GPI to a stepwise rise/shedding load, as can be seen 

from Figure 4. 

Figure 4 shows graphs of changes in the main 

electrical parameters of the simulated circuit in the case 

of using a ESS (simulated by a controlled current source) 

to compensate for the rise and shedding load. In graph 4, 

Figure 4 shows the change in current from the side of the 

current source, on which you can see a linear decrease in 

the compensation current from the maximum value equal 

to the magnitude of the rise (or shedding) load current to 

0 for a given time interval of 1 s. As can be seen from 

the graph of the frequency variation of the generator 

voltage (graph 1, Figure 4), this compensation algorithm 

allows you to almost completely smooth out the 

frequency deviation from the nominal value. 

The nominal power of the ESS must be selected 

based on the power of the greatest dynamic load, taking 

into account the margin for power entering the exciter 

SG in the excitation forcing mode, Figure 1. In this 

example, Figure 4, for SG with a power of 1000 kW in 

nominal mode, the excitation power is 40 kW. In the 

mode of two-time excitation forcing - 80 kW. Given the 

maximum load rise of 350 kW, the ESS should be 

selected for a power of 450 - 500 kVA. 

 

Fig. 2. Simulation model of GPI operation with SG which working in parallel with of alternating current source: 1 - three-phase 

controlled current source; 2 - a subsystem that captures significant fluctuations in the load current; 3 - subsystem that generates 

control signals for current sources. 
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Fig. 3. Measurement of electric grid parameters: 1 - generator 

voltage frequency, Hz; 2 - the current value of the current SM, 

A; 3 - the actual value of the load current, A. 

 

Fig. 4. Changing the parameters of the electric grid in a circuit 

with a controlled current source: 1 - generator voltage 

frequency, Hz; 2 - the current value of the current SM, A; 3 - 

the effective value of the load current, A; 4 - the current value 

of the current source current, A. 

3 Simulation model of industrial power 
supply system with synchronous 
machine and energy storage in its 
composition   

In the schematic diagram, Figure 5, a typical electrical 

diagram of a centralized industrial power supply is 

shown, where a three-phase fault occurs on an overhead 

power transmission line (OPTL) of 110 kV in an 

external power supply system and provides power to the 

SM excitation system in the STPO mode from an ESS. 

The problem is that the applied static valve excitation 

systems under the influence of STPO become, in fact, 

self-excitation systems with external faults. Since they 

are supplied directly from the bus sections of the 

substation, (transformer T1, Figure 5), due to short-

circuit arises VD because of which the expected result of 

excitation forcing SM is not achieved, because the 

rectified voltage on the exciter decreases. 

Switching the exciter to ESS (transformer T2 serves 

only for recharging ESS, Figure 5) allows you to fully 

use the capabilities of the SM to increase the level of 

residual voltage. In the case of STPO, voltage recovery 

in the 10 kV section of the main step-down substation 

(MSDS) occurs due to the action of Loss of 

Mains (LoM) protection. 

In accordance with the schematic diagram of the 

power supply of industrial consumers, a simulation 

model of a typical unit of this system has been developed, 

6. 

This model allows us to research the effect of 

excitation forcing SM on the depth of VD caused by a 

three-phase fault in a 110 kV grid. The simulation model 

reflects the switching sequence of switching devices in 

the circuit, Figure 5. At the moment of a three-phase 

fault, a VD occurs on the tire section. The LoM ensures 

the launch of a fast-automatic transfer switch (FATS) 

and gives a command to turn on the excitation forcing 

SM from ESS [15-17]. In this mode, the power supply 

system is located until the fault is turned off. 

The parameters of the simulation model blocks are 

described in detail in a previously published work [18]. 

The initial parameters of the simulated power supply 

system are as follows. 

The distance to the three-phase faults varies from 1 to 

30 km, which covers the power supply system of the city 

and its environs. For the OPTL 110 kV, reference 

characteristics of the steel-aluminum wire AC 120/19 

and the intermediate support PS 110–9 V were used. 

RLC line parameters, which were calculated from the 

characteristics of the conductor and the support 

geometry, are automatically entered into the "Three-

Phase Pi Section Line" block [14, 19]. 

A passive load of 8 MW and SEM of 8 MW are 

connected to 10 kV buses. SEM parameters: Unom = 10.5 

kV, Xd = 1.41 pu, Xq = 0.47 pu, Xd' = 0.21 pu, Xd" = 0.101 

pu, Rs = 0.003 pu [15]. 

Transformer parameters: Snom = 8 MVA, U1 = 110 kV, 

Ls(1) = 0,08 pu, U2 = 10,5 kV, Ls(2) = 0,08 pu [20]. 

A three-phase short circuit occurs at a time of 0.1 s 

on a 110 kV OPTL 17 km away from industrial 

consumer buses, Figure 7. The resulting fault causes VD 

on the buses of the industrial consumer in all 3 phases. 

Figure 7 shows the moment of switching on the four-

time field forcing of the SG. As a result, in 20 ms it is 

possible to reach a residual voltage level of 80% of the 

nominal. 

However, due to a rising increase in load on the rotor 

of the SEM, oscillations appear (Figure 8), which causes 

a voltage change during the transition process. 

Figure 8 shows the waveforms of voltage, phase 

currents of SEM and the angular velocity of the rotor 

rotation over a time interval of 5 s. The simulation model 

does not take into account the energy loss in the rotor 

and the electrical drive during speed fluctuations. In fact, 

they fade out quite quickly. The given numerical 

example shows that due to forcing SM excitation, it is 

possible to influence the level of residual voltage at the  
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Fig. 5. Schematic diagram of the power supply of an industrial consumer. 

 

Fig. 6. A simulation model of a typical node of the power supply system of an industrial consumer. 

 

Fig. 7. Oscillogram of phase voltages and SEM currents at the 

time four-time field forcing. 

 

Fig. 8. Oscillogram of operational parameters of SEM. 

load, and additional costs will be significantly lower than 

when creating a full-fledged independent power source. 

Currently, a small distributed generation is spreading 

at industrial consumers. To identify the general laws of 

the influence of the field-forcing ratio of both SG and 

SEM on the level of residual voltage, a series of model 

experiments was carried out with different values of the 

SM power and the length of the OPTL at which a three-

phase fault occurs. The сritical length of the line was 

used as an efficiency criterion - this is the distance to the 

location of the short circuit on the OPTL, at which the 

residual voltage on the load buses is equal to the 

minimum allowable under the conditions of maintaining 

its stable working. Obviously, the smaller this value, the 

smaller the number of STPO affects the work of 

industrial consumers [21]. 

The simulation results are presented in Figure 9. 

A comparison of the graphs for SEM and SG shows 

that under the same initial conditions at the level of the 

specified minimum allowable residual voltage of 80% of 

the nominal (taken as an example, depending on motor 

load; there can be either more or less) the critical length 

of line for SG less than for SEM a few kilometres. If we 

compare the efficiency of the field-forcing ratio, then 

four-time field forcing provides a twofold decrease in the 

critical length of the OPTL. 

Switching exciter to ESS allows you to fully use the 

capabilities of SM to increase the level of residual 

voltage. To identify the patterns of influence of the field-

forcing ratio (with independent power supply from the 
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Fig. 9. Identification of the critical length of the line, with the installed rated power of SM 8 MW. 

 
Fig. 10. Comparison of the change in the level of residual voltage. 

 

ESS and the power supply of the exciter from its own 

buses), a series of experiments were carried out with the 

SG of 8 MW and the length of the OPTL at which the 

short circuit occurs. In Figure 10 shows graphs of the 

dependence of the residual voltage on the magnitude of 

the critical length of line for SM when supplying their 

exciter from substation buses (via transformer T1) or 

from ESS, Figure 5. 

Comparison of the graphs for the SG with a system 

powered by its own buses and an independent excitation 

system from the ESS shows that at the level of the 

specified minimum allowable residual voltage of 80% of 

the nominal, the critical length of OPTL for the SG with 

an independent excitation system from the ESS is less 

than for the SG with the system supplying the exciter 

from its own buses for 18 kilometers. If we compare the 

efficiency of the field-forcing ratio the excitation of the 

SG with an independent excitation system from the ESS, 

then four-time field forcing provides a twofold reduction 

in the critical length of the OPTL. 

4 Conclusion 

The use of ESS allows you to limit the depth of the VD. 

There is an effect of frequency stabilization in an 

autonomous power supply system with disturbances 

from the load side in the case of using an ESS as a 

regulator included in the complex with GPI which work 

on associated gas. This indicates economic efficiency. 

The introduction of ESS will contribute to the 

differentiation of power supply schemes and a general 

increase in energy efficiency. 

The excitation forcing of SM installed in the internal 

power supply system of industrial enterprises makes it 

possible to increase the level of residual voltage during 

VD caused by a three-phase fault in 110 kV supply grids. 

The increased field-forcing ratio of the SM contributes to 

a decrease in the critical length of OPTL and, as a result, 

leads to a decrease in the number of process shutdowns 

at enterprises with a continuous production cycle. When 

choosing high-voltage current-limiting protectors 

designed to increase the level of residual voltage at the 

MSDS with a three-phase fault in 110 kV supply grids, it 

is necessary to take into account the capabilities of 

excitation forcing of SM. 

Field-forcing ratio of SG with an independent 

excitation system from the ESS, then four-time field 

forcing provides a twofold reduction in the critical length 

of the OPTL. When planning the power supply system, it 

is possible to recommend the placement of several SM 

(with an increased field-forcing ratio) with a uniform 
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load on the section of the MSDS, from which 

responsible consumers are powered. This will 

significantly reduce the depth of the VD with close 

damage in the distribution grid of 110 kV. 
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