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Article Info Abstract

The analysis of the short circuit should be understood very well in order to make correct designs
Received: 17 July 2020 in the power systems such as the safety of the personnel and the equipment, the selection of the
Accepted: 19 Apr 2021 safety relays, the circuit breaker selection and the selection of the appropriate conductor section.

In this study, the parameters about the short circuit and the techniques of calculating the faults in
system and the necessary theoretical knowledge for the short circuit fault to be understood better

Keywords have been given. The effect on the distributed generation and the grid which is caused by the
Fault calculation possible short circuit faults have been simulated by being modeled in PSS/Sincal and by using
Power systems analysis the real grid parameters with cogeneration power plant in 1zmir, Turkey. The real short circuit
Short circuit fault results measured from the power plant and the grid and the results obtained from the software
Result analysis program have been compared and it has been determined that there is not a significant difference
PSS/Sincal between them. Thus, it has been emphasized that it is correct to simulate before investing in a

power system in for the purpose of restrain the faults during the designing and working before
the application. It allows the designer to design new power plant as good as plan expansion of
existing power plants with higher degree of precision. Considering the prices of protection
equipment, which has a large part in system design, this way would allow designer to reduce the
cost of the protective equipment and remaining stability.

1. INTRODUCTION

It is known that electricity is one of the main necessities in human life. The requirements in human life
have increased continuously and have been related to the energy demands. The need to find different energy
supply methods and energy resources has emerged in order to meet the energy needs. A new concept has
emerged in order to use energy efficiency and different resources. Dissimilar, the conventional centralized
generation, distributed generation (DG) aims a strategy in which a part of the electric power is produced
and transmited to clients with small production units allocated near to the burdens[1-4]. The widespread
use of DG not only increases economic efficiency, but also benefits improvements in energy reliability [5].
DG could be operated isolated mode (off grid) or grid connected (on-grid) [6-9].

For a power system to be practical it must be safe, reliable and economical. Thus many analysis must be
performed to design and operate an electrical system [10,11]. The widespread use of the energy resources
mentioned above causes many power systems issues [12]. For this reason, the design of power systems
using DG becomes very important. An analysis of the effects of parameters such as losses, bus voltages
and short-circuit fault currents with their connection to the grid is seen in [13]. Fault analysis is a prime
apprehension in power system [14]. Power plants must be secured against failures or malfunction in
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order to ensure the qualification and stability of the production, transmission and delivery of power system
[15].

In the literature, there are many studies that showed the changes in current and voltage during short circuit
which bases on the basis of power system design. Some authors used for demonstrating fault simulation
studies and analyses on the IEEE-9 bus [16-18], IEEE-14 bus [19] and 39-bus New England System [18],
while other authors examined modeled real data based on which are substation in Turkey [20], substation
in India [21], wind power plant [17], nuclear power plant [22]. There are many software in the literature
that are widely used to perform short circuit analysis, which are Matlab [16,19,20,23], PSCAD [24], Power
World Simulator [25,26], ETAP [17,18,21,27] and DigSilent [22,28]. As a result of calculating short circuit
currents, there are studies for the selection of the protection equipment and determination of the
coordination scheme of the protection equipment. Different algorithms, heuristic optimizations and
adaptive methods are proposed on the coordination scheme for protection method [17,18,23]. Protection
coordination and methods are out the scope of this study. The use of current limiter emerges as a different
protection method. [16] aimed to find optimal placement of current limiter in a power system against the
short circuit faults. In other study on short circuit analysis, [29] showed the changes in current and voltage
during short circuit issue for protection scheme in micro grid by using PSCAD. [30] proposed fault
detection scheme used transient current by using Discrete Fourier transform. [31] demonstrated
contribution of short circuit current scenarios inverter-based voltage source DG for on-grid system. Unlike
alternating current (AC) systems, in another study, [32] proposed method used CIGRE benchmark high
voltage direct current (HVDC) model by using PSCAD software for direct current (DC) system. In another
study on fault analysis, [33] suggested fault location that used partial differential equations by using
adomian decomposition method in Matlab. The authors investigated power protection systems in nuclear
power plant in [34].

This paper aims to variation and determines short circuit currents, because simulation results are validated
with measured data of actual fault condition. It allows to decision expansion of existing power plants as
minimum cost protection devices.

In this study, the system is modeled using the parameters of a real cogeneration power plant by using Power
System Simulator Siemens Network Calculator (PSS/Sincal) software. The simulation results obtained for
the fault generated in the system modeled were compared to the measured current and voltage waveforms
as a result of a single phase fault occurring in the past. After validating the accuracy of current and voltage
changes that occur in real fault situations, other fault conditions which are single phase, two phase, three
phase ground faults in grid connected and two phase ground fault in island mode faults that may occur in a
power system were simulated, and voltage and current changes occurring in the power system during the
generated faults were observed.

1.1. Contribution

There are many studies in the literature involving short circuit analysis. These studies have contributed to
the literature with methods such as different algorithms, procedures and software. Recently, when the
effects of short circuit fault on the distribution power system are analyzed, it is seen that it is generally done
by considering the distribution generation systems integrated into the test systems. Fault analyzes
performed in the distribution power network are generally conducted with the IEEE 13-node and IEEE 34-
node test systems. On the other hand, there are very few studies that model the systems belonging to the
existing power plant. With the increase in the use of renewable energy, power plants with stochastic
character such as solar and wind have been examined as distributed generation in test systems. However,
there are a few studies the distributed generation system, which includes cogeneration power plants, which
is the subject of this study, which is widely used in the industry. Similarly, although programs such as
PCAD, DgSilent, ETAP, which are widely used in the literature for short circuit analysis, are quite common,
PSS/Sincal has been used very little. Although PSS/Sincal is used in many applications in industry, it is
seen that it is used in limited numbers in the literature. The major contribution of this research paper is
mentioned below. First, with this study, it is tried to contribute to the literature by analyzing the short circuit
of the cogeneration power plant, which is widely used in the industry, using the PSS/Sincal program,
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making a unique study in the literature. Second, the uniqueness of this study is that an existing system is
modeled and then different possible scenarios and faults are occurred in the power plant. Third, the real
fault records in the existing power plant are examined, and the same system is compared with the fault
currents modeled in the software, and it is revealed that there is no significant difference in terms of design
and equipment selection. This paper concerns the by modeling with the cogeneration power plant
PSS/Sincal software, researchers are introduced to the literature by introducing a new perspective and
method.

1.2. Organization of The Paper

This paper contains total 6 Chapters. Chapter 1, after a brief introduction, literature view and contribution
are presented in this chapter. Chapter 2 and Chapter 3 show information about distributed generation
technologies and cogeneration power plant respectively. In Chapter 4, it is been illustrated short circuit
analysis basic knowledge. Calculation method of fault currents is given in Chapter 5. In Chapter 6, it is
introduction and modeling in simulation software. The case studies are given in Chapter 7. Finally,
conclusions are drawn in Chapter 8.

2. DISTRIBUTED GENERATION TECHNOLOGIES

The distributed generation technologies are divided as traditional and nontraditional. The definitions of
some of the distributed generations used most commonly are given below Figure 1 [35,36].

Distributed

Generation
Technologies

Non-
traditional

Traditional

l Fuel Cell IlEnergyStorage l Renewables |

Internal External

Combustion Combustion

I T 1 — —

: B Without
Reciprocating Microturbine Cambust!on Stirling Engine bndnD Addtional Wind PV
Gas Turbine Storage storage

Figure 1. Distributed generation technologies

2.1. Applications and Advantages

The distributed generation is used to increase the reliability, stability and power quality of the power system
while boosting to grid by decreasing congestions in medium and high voltage level lines. Thus, it has
benefits for the producer and the consumer. By using today's energy resources in DG, low cost energy
production and high quality electricity can be provided. In addition, when the energy used for production
and commercial purposes is interrupted, the major financial damages that occur are prevented. Several pros
and cons that occur when using distributed generation are given Table 1 [37-39].

Table 1. Some of the DG pros and cons

Pros for the customer Pros for the producer Cons for customer and producer
o Improved reliability, e Decreased line losses, o Extremely fault current,
o Improved power quality, ¢ Raised up the system capacity ¢ Raised up the protection charge
e Reduction in the interruption | e Enhanced stability, e Probability of off-grid mode,
number, e Prolong tool life, e Increased flicker,
e Efficient use of energy, e Decreased congestion, e Probability of over voltage,
o Lower cost of energy, e Enhanced voltage profile o Retrofitting charge
e Usage of green energy sources,
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e Decreased pollution e Enhanced weak signal stability, because of
slight of inertia,
o Improved critical clearance period.

Short circuit currents, which are one of the disadvantages of distributed generation, are the subject of this
paper. As seen in the Table 1 above, increasing of short circuit currents are seen despite many benefits. It is
seen that short circuit levels in the system increase due to the contribution of short circuit currents to be
provided by the generators in the production facility [12,40-42].

3. COGENERATION POWER PLANT

The demand increase, the price increase and the reliability decrease and so on, most of the industrial plants
have shifted away towards generating their own power instead of purchasing electricity from centralized
generations. However, besides the electricity need of the factory, there may be a need for hot water.
Cogeneration can serve an appealing alternative for offices with high electric rates and buildings that utilize
huge amounts of hot water and power. As a rule, the higher the electric rates, the more noteworthy the
savings with cogeneration and the lower the back pay time [43].

At first, the heat energy is change over to the rotational energy and after that it is converted to the electricity
energy via the shaft and the generator integrated. The converted electrical energy is given to the electricity
distribution system at the 34.5 kV. In this study, electricity production and electrical distribution is carried
out with the 34.5 kV voltage level.

In this paper, different faults type short circuit currents which are possible to occur in cogeneration power
plant in Izmir, Turkey are modeled under PSS/Sincal platform. In the power plant, there are two gas turbines
each of which is at 6.5 MVA power that gas turbine coupled to the synchronous type generator. While the
produced electricity is at 6.3 kV voltage level, it is converted to the 34.5 kV voltage level by the
transformers at 6 MVA of power. If it is needed less energy in the plants, the extra electricity, which is
produced, is supplied to the grid. In case of an outage or blackout in the distribution network (grid), the
power plant works in island mode (off grid).

4. SHORT CIRCUIT ANALYSIS

When a short circuit occurs, the all considered internal impedance replaces components and an equivalent
voltage source is implemented at the fault node the equivalent short-circuits impedance of the system
electrical system.

Faults are generally divided into two broad categories in today's power systems [19];
o Symmetrical or balanced faults (three phase)
e Asymmetrical or unbalanced faults.

Asymmetric faults such as single phase ground, phase to phase and two phase to ground faults are divided
into three major types[44]. Figure 2(1) shows that schematic asymmetrical and unsymmetrical faults are
occurred in a power system. The distribution of faults in the electrical system by their types is shown in the
Figure 2(11). As can be seen in the Figure 2, the most common single phase fault is seen, whereas the rarest
three phase fault is seen. Different fault types scenarios were occurred and short circuit analyzes were
conducted out in Chapter 7.
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ground faults, (I1): The rates of fault types

Short circuit currents, which are one of the disadvantages of distributed generation, are the subject of this
paper. As seen in the Table 1, increasing of short circuit currents are seen despite many benefits. It is seen
that short circuit levels in the system increase due to the contribution of short circuit currents to be provided
by DG units [12,40-42.,45]. DG's contributions to short circuit fault currents can be divided into two main
categories which are synchronous/asynchronous generators and Inverter Based DGs (IBDG) [46]. Since
IBDG cannot be overloaded, there are negligible level of fault current contributions compared to
synchronous/asynchronous generators [31]. Since a synchronous type generator is used in the cogeneration
power plant modeled in this study, a synchronous generator is modeled in calculations and simulation.

5. CALCULATION METHOD OF FAULT CURRENTS

Traditional power systems have been replaced by system systems to which many DGs are connected today.
It is assumed that there is a fault at point ‘k’ in a network where the network and DG are located. The fault
situation occurring at point ‘k’ in the network to which many DGs connected to the network are connected
is shown in the Figure 3 [47,48].

DG, DG, DG,

J
IH "
=k DG2 L i
4l
<

S
|
|§S Y1 Y2 vk J

Figure 3. Scheme of fault at distribution or transmission line supplying Grid and DG

Where; I 5 is the injected current of grid, I, pg; is the injected currents of DG (i=1,2,3....j). With
asymmetrical faults, for example single phase ground fault, currents and voltages are not of the same
magnitude. The three phase current must be divided into its three symmetrical components: positive,
negative and zero phase sequence. This shows that negative, zero and positive phase sequence data are all
needed to calculate asymmetrical faults for the equipment. PSS/Sincal calculation methods are based on
symmetrical components.

The fault current occurred at the k’ point is calculated with the help of the formulations shown in Table 2

by using the positive, negative and zero sequence value obtained by the symmetrical component
transformation method [49].
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Table 2. The formulates of short circuit currents for “k” point

Single Phase Fault | Phase-phase ground fault | Phase-phase fault | Three phase ground fault
I+ Uka (Zk +Z)Uka Uka Uka
K Zivzi vz | Ziz+ 2720+ 2,20 Zi +Zi Zy
Iz L _ZI(()Uka _ L 0
Kzt vz + 7D ZFI; + 220 + 7, 70 Zg +Zy
10 _ Uka (Zic + Z)Urq 0 0
Kl Zp+ 77+ 20 Y7o+ 27+ 7. 70

Z}, 75 and Z2 are Thevenin equivalent circuit impedances seen from the fault point impedances positive,
negative and zero sequences, respectively. Uy, is the voltage of fault point in the steady state of the system

before fault. I}, I; and Iare fault current sequences (positive, negative and zero sequences).

The

contribution of DG in this obtained fault current to this short circuit currents of each DG are calculated by
the Current Divider Method. The contribution of each generator to fault current which is calculated with
respect to Table 2 can be obtained by using the current divider method.

Thevenin equivalent circuit of sequence network is obtained easily because of network given in Figure 3 is
simple and radial. If the network is loop connection type and has many connection points, Thevenin
equivalent impedances cannot be obtained directly, so bus admittance matrix have to be calculated. All
fault currents and the bus voltages after than fault occurring can be calculate by using this bus impedance
matrix. Figure 4 shows the flow chart of the calculation procedure used by the software for calculating [50].

‘ Unload and check all network data ‘

No Short circuit with Yes
initial load?
h 4 v
Assign voltage vector Determine voltage vector from
of 1 pu load flow
‘ Determine number of systems ‘
‘ Construct admittance matrix for all systems |
‘ Triangular factoring ‘
‘ Determine solution vector for current node |4—

Solve matrix

‘ Determine currents with voltages |

No

? /7

Have all nodes
been calculated
¢ Yes

‘ Prepare results ‘

Figure 4. Short circuit calculation procedure
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6. SIMULATION
6.1. Simulation Software

Power System Simulator Siemens Network Calculator (PSS/Sincal) software has been used for the analysis
and simulation in this study. PSS/Sincal is software with designing tools for power system analysis. Power
systems analysis includes the short circuit analysis, the power flow, dynamic analysis, harmonic analysis,
protection, reliability and contingency analysis. The electromagnetic transients (EMT) let the designer use
the differential equations to model networks, machines and controllers. It offers a complete solution for all
electromechanical and electromagnetic phenomena, including unsymmetrical sequences [51].

6.2. Modeling of the Power Plant

It is utilized that power plant single line diagram is shown in Figure 5 for modeling in simulation tool.
Rotating loads, non-rotating loads and other loads were determined in the power plant. The power plant
equipments which are system loads, generators, power transformers, lines current transformers, voltage
transformers, circuit breakers, other protection and measurement devices are modeled according to the
obtained from technical service engineers at the factory and also single line diagram.

SIKLAR TM
BATI ANADOLU I-11 ENH
CIKIS HUCREST

BATI ANADOLU i
111 ENH

5 KV 2N
DEVRESINDEN

BATI ANADOLU
I ENH

TEK KUTUPLU SEMA

T o

00

oo v
0000.000.00

Figure 5. Exist cogeneration power plant single line diagram

In this paper, it is utilized PSS/Sincal for simulation and evaluation of existing cogeneration power plan
system. For this purpose, these are represented below the Figure 6 where loads, generators, lines and grid
connection point. The modeling has been based on the real loads of the plants, the real power of the
transformers, the motors, the generators and the impedance of the lines.
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This plant has been modeled as an industrial system including electrical distribution system directly
connected to cogeneration power plant and five plants of an industrial zone. The power system is connected
to the grid by one line at 34.5 kV voltage at Bati Anadolu Power Transmission Line I-II lines. The
distribution to the plants is at 34.5 kV voltage level and it is connected with 1 km 3(1x95) mm? XLPE type
cable, 200 mt 3x3/0 AWG and 2 km 3x477 MCM cables. The power plant has 2 Gas Turbines (GT)
connected to the same 34.5 kV bus. Each turbine has 6.5 MVA capacity and total power plant production
capacity is 13 MVA. The gas turbines are coupled to the synchronous type generator. There is a 6 MVA
power rate and 6.3/34.5 kV step up transformer connected to the each gas turbine. Base on the operating
conditions of power plant and facilities, either supplying to grid or getting from the grid is possible. There
are 5 plants in industrial zone and each factory is supplied one by one by the cable feeders. All plants have
its own step-down transformer (34.5 kV/0.4 kV) feeding each 0.4 kV factory bus.

7. CASE STUDIES

In this section, the cogeneration power plant is possible three phase ground, phase-to-phase fault
considering low voltage side (0.4 kV) and medium voltage (34.5 kV) side has been designed by using
PSS/Sincal. The simulation obtained in the voltage and the current graphs for each fault compared with the
real fault conditions have been reviewed and made simulations. The information about the occurred cases,
the type of fault, the location of fault, the mode of operation, the starting time and the cleaning fault times
are given in Table 3.

Table 3. Case studies

Fault Type Fault Location | Connection Mode Fault Time Cleared Time

Real Fault . .

Condition L1 ground fault Grid On grid 550ms 700ms
Casel L1 ground fault Grid On grid 550ms 700ms
Case2 L1, L2 ground fault Grid On grid 200ms 280ms

L1, L2, L3 Low voltage .
Case3 ground fault side (Plant-3) On grid 200ms 280ms
High voltage Off grid
Cased L1, L2 ground fault side (Plant-1) (island mode) 200ms 280ms
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In order to compare the obtained waveform in the simulation results with each other, all bus voltage levels
are scaled to be at the 0.4 kV voltage level. The reason for this is that all the data from the power plant was
recorded according to the 0.4 kV scale and root mean square (RMS) value. In order to make an accurate
graphic comparison, all buses at the voltage level are scaled to 0.4 kV as if it were P.U. (per unit) system.
In simulated cases, the locations of faults are given on the single line diagram shown in Figure 7.

Case 1 (simulating the real system): The single phase ground fault circuit occurred at grid at the 550th msec
and then the fault was cleared at the 700th msec. The results obtained as a result of the simulation showed
that there were different current and voltage oscillations in all buses. After the single phase short circuit had
occurred, the voltages of L1 phases sharply dropped to about 200 volt magnitude. The reason why the voltage
does not decrease to zero is that the exact location of the fault in the network is unknown. The exact location
of the fault could not be obtained from the distribution company. While modeling the system, the location of
the fault, a point far from the power plant, was determined approximately. Because the exact fault location
was not known, the magnitudes of the measured voltages and currents were different from the obtained
simulation. The reason for this was that the loads and impedances changed momentary.

TEDAS

Case |
EXT LOAD 34,5 kV Case Il
34,5 k' Bus
Case Il
GT-2 PLANT.Z PLArT= TANT-4 PLANT-5
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2 —_— . (B 2450480
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D a < 3/34.5 kv 6,3/34,5 o Trar .
(8 34504 kv ) 6,3/34, S i~ A Tranabome {5k Transformer
0,4 kY B
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v @ v = ht | = o 5 - <
G G ) ™3 v (v v ¥ v ¥
[ siwe AT e | Lornzitra (o s B [P e e ]

B3 LANT 4 344 kv B

Figure 7. The representation of cases location in simulation single line diagram

The results have been shown according to the currents and voltage signal wave forms measured from the
energy analyzers at each bus. The fault was cleared at the 700th msec, the system became steady-state. The
results waveform for the single phase ground fault is shown in Figure 8.
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Figure 8. Case 1 waveforms; a) PCC current (real), b) PCC current (simulation), ¢) 34.5 kV bus voltage
(real), d) GT-2 current (real), ) GT-2 current (simulation), f) 34.5 kV bus voltage (simulation), g) GT-2
voltage (real) h) GT-2 voltage (simulation)

It was seen that the current measured at the point of common coupling (PCC) point increased approximately
4 times the normal operating value which increased from approximately 50 A to 200 A in Figure 8(a). This
situation may change according to the fault impedance at the point where the short circuit occurred. At fault
during, only the results of GT-2 and PCC, were compared, since only GT-2 and PCC had measurement
results. This time, it was seen that the current of generator 2 doubled. This means that GT2 also supplied
the fault current at the fault point. Looking at the voltage results, it was seen that the voltages increase in the
phases except the phase where the fault occurred. In other words, while the voltage on the L1 line, which is
the fault phase, decreased to 200 V, the voltage increased to around 600 V in the non-fault phases L2 and
L3. This situation has been confirmed by the results in the literature and has been validated with the
simulation results.

After validating the accuracy of current and voltage changes that occur in real fault situations, other fault
situations that may occur in the power plant are simulated as case-2, case-3 and case-4.

Case 2: The 2 phase ground fault circuit occurred at the transmission line between grid and coupling bus
at the 200th msec and then the fault was cleared at the 280th msec. The results waveforms for the three
phase ground fault are shown in Figure 9.

It was designated as PCC where the fault occurs was almost there. For this reason, in case of a 2 phase fault,
the voltage in the faulty phases (L1 and L2) were measured nearly 0 V in the simulation. On the other hand,
the current measured at the PCC increased approximately 9-10 times the nominal 125 A value and supplied
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the fault current close to the generators. The fault current near the generator was gradually decreased in
accordance with its typical generator fault current characteristic. In the phase non-fault (L3), it was observed
that the current was continuing normally value. Similarly PCC, it was seen that the fault currents increased
to 5-6 times in GT-1 and, it was observed that the current was remained.

The voltage in the factory 34.5 kV bus and GT-1 bus dropped from 380 V to around 200 V. The reason of

this, the measured buses are close to GT-1 and supplied from GT-1. The system was supplied to the GT-1
side to ensure voltage stability.
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Figure 9. Case 2 waveforms; a) PCC voltage, b) PCC current, ¢c) GT-1 voltage, d) GT-1 current, ¢) PCC
Bus voltage

Case 3: The 3 phase ground fault circuit occurred at the plant-3 low voltage line low voltage load between
the low voltage bus at the 200th msec, and then fault had been cleared at the 280th msec. During the fault,
the voltage and current levels are shown as in the Figure 10. The grid and the generator units (GT-1 and
GT-2) supplied the short circuit fault by supporting each other. Therefore, when the short circuit occurred,
the currents of 3 phase sharply increased from nominal magnitude to 20 times in 0.4 kV low voltage bus.
The currents of 3 phase gradually decreased until the fault was cleared. After the 280th msec, the currents
decreased fast to the magnitude about nominal level. The system became steady-state at the 330th msec.
This means; 50 msec later after the fault was cleared, the system became steady-state. Because GT-1, GT-2
and the grid supplied the fault, there was a great increase in the fault currents in low voltage load. The angle
difference between the faults can be negligible.
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Figure 10. Case 3 waveforms; a) PCC voltage, b) Plant-1 voltage, ¢) GT-1 34.5 kV bus current, d) PCC
current, e) Plant-3 34.5 kV bus current, f) GT-2 34.5 kV bus level current

The system became steady-state at the 300th msec. This means; 20 msec later after the fault was cleared,
the system became steady-state. This period was shorter than the 34.5 kV bus voltage level fault for
becoming steady-state. There was some increase in the currents of GT-1 and GT-2 during the fault. When
the short circuit occurred, the currents of 3 phase sharply increased from nominal magnitude to 2 times.
The currents of 3 phase gradually decreased until the fault was cleared. After the 280th msec, the currents
decreased fast to the magnitude about nominal level. The system became steady-state at the 330 msec. This
means; 50 msec later after the fault was cleared, the system was became steady-state. In addition to GT-1
and GT-2, the grid also supplies the fault.

Case 4: The phase to phase ground fault occurred at plant-1 34.5 kV bus in island mode operation of power
plant at the 200th msec and then fault was cleared at the 280th msec. The voltages of L1 and L2 phases
dropped to about 200 V magnitude. The voltage levels were not zero. The DG sources (GT-1 and GT-2
generator) were very near 34.5 kV bus. There was no deviation voltage of L3 phase. The voltage and current
variations measured from the buses and the lines according to the time, when a short circuit at grid occurred,
have been shown at below Figure 11.

After the phase L1 to phase L2 short circuit had occurred, .1 and L2 phases voltage sharply dropped to
zero volt magnitude. At the same time, L3 phase voltage raised about 600 V as expected and during the
fault, L3 phase remained at constantly magnitude of 600 V. The fault was cleared at the 280th msec but 10
msec after the clearing, the system became steady-state. When the short circuit occurred, the currents of L1
and L2 phases sharply increased from nominal magnitude to 2 times. The currents of L1 and L2 phases
gradually decreased until the fault was cleared while L3 phase current magnitude continued nearly
normally. GT-1 and GT-2 supplied the fault so there was a big increase in the fault currents in L1 and L2
phases as expected. After the phase L1 to phase L2 short circuit had occurred, the currents of L1 and L2
phases dropped to half of the normal current magnitude. After the fault, L1 and L2 phases continued on the
same phase angle until the fault was cleared. All plants were connected to the same bus. Therefore, there
was no voltage level difference in the buses of each plant. All of the obtained current waveforms were the
same shape as expected. Because all plants had different loads, they had different current level magnitude.
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Figure 11. Case 4 waveforms, a) GT-1 voltage, b) GT-2 voltage , c) Plant-1 bus voltage, d) GT-1 bus
current, e¢) GT-2 bus current, f) Plant-1 bus current

As soon as the short circuit occurred, the currents of L1 and L2 phases sharply increased from nominal
magnitude to 5 times. The currents of L1 and L2 phases gradually decreased until the fault was cleared
while L3 phase current magnitude continued normally. Since GT-1 and GT-2 supplied the fault direction,
there was a big increase in the fault currents in GT-1 and GT-2 as expected. After the beginning of the fault,
L1 and L2 phases continued on the same phase angle until the fault was cleared.

8. CONCLUSION AND FURTHER WORK

The simulations on modeled power system are practical ways to define the fault currents for a certain
condition. It allows the designer to design new power plant as good as plan expansion of existing power
plants with higher degree of precision. Considering the prices of protection equipment, which has a large
part in system design, this way would allow designer to reduce the cost of the protective equipment. In this
study, real fault situation is simulated with the real measured data in cogeneration power plant in [zmir-
Turkey. The faults have been simulated at four different cases and two operation modes to confirm the effect
on the magnitudes of the fault currents and voltages.

The results obtained from after the real fault is very similar to the results obtained by simulation. PSS/Sincal
has been shown that short-circuit current contribution of distributed generation. To analyses these features,
grid connected cogeneration power plant has been modeled and simulated. After actual short-circuit
condition, measured wave form has been analyzed. The reason why the real data and simulation results are
very close to each other is because of accurately modeling. For a precisely modeling, the data can be created
by using real values instead of assumptions as much as possible. Looking at the simulation states and results,
the case simulated as case-1 is the simulated version of the real system data, shown as real fault condition,
in the software environment. It is seen that the real data are almost identical to the data obtained as a result
of simulation. In case of real fault condition, it is seen that the fault current measured at the PCC point is
shown Figure 8(a) and the short circuit currents observed as a result of the simulation in shown Figure 8(b)
almost have the same values. During the fault, it was observed that the nominal current increased
approximately 4 times which increased by % 400 from approximately 50 A to 200 A. When the other real
measurement results obtained from the power plant and not shown in this publication are evaluated, it can
reach instantaneous values where the short circuit current increases 10-50 or even 70 times depending on
the impedance where the short circuit occurs. Distribution Company (DISCO) is obliged to report only the
type of the fault in the power plan, and it does not report its location. For this reason, protection devices
should be selected according to the most value when designing power plant. Similarly, when looking at the
voltages, as expected, a sharp drop in the voltage was observed in the faulty phase. The closer the
measurement is to the fault point, in other words, the closer a fault occurs to the measurement point, the
voltage value reaches zero. In case of real fault condition, it can be said that the fault occurred at a distant
point in the power plant. The voltage level in the non-fault phases increased by %50 from 380 V to around
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580-600 V. On the other hand, the voltage on the L1 line which is the fault phase, decreased by % 47 from
380 V to 200 V. As seen from the cases, as the location of the fault gets closer to the generator, the short
circuit currents gradually increase. On the other hand, the voltages are gradually decreasing to 0 V. As the
location of the fault and its distance from the generator increase, the voltage measured in the DG buses
decreases to half the nominal voltage during the fault.

In the light of confirmed data, the results of how the system will respond in other possible fault conditions
are obtained in case-2, 3 and 4. It has been emphasized that it is accuracy to simulate before investing and
design in a power system in order to prevent the faults during the designing and expansion and working
before the installation.

As a future work, during the fault, the stability and frequency change of factories in the grid (on-grid mode)
or (off-grid mode) will be modeled in large-power motors operating. Thus, improvement suggestions can
be proposed on the fault clearing time.
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