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Abstract— This paper presents the 

simulation and analysis of a PV and 

wind integrated IEEE 14 bus power 

system. This work analyses the effect 

of fault current and fault voltage in 

different buses in a Power System. A 

PV Array and Wind Turbine 

Generator are also integrated into a 

particular bus in the system and 

effects of faults on them are studied 

and reported here. The types of short 

circuit fault realised are line-to-

ground fault, line-to-line, line-to-line 

and ground in this case study. IEEE 

14 bus system model was developed 

on ETAP software and results 

obtained are presented here.  
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1. INTRODUCTION 

Due to exponential growth of 

electricity demand, the electrical Power 

Generation, Transmission, distribution 

network has expanded in volume to a 

great extent. As the number of 

components, number of networks and 

control units increases, occurrence of 

faults also increases [1]. With increase 

in number of components, the character 

and complicacy of the system also 

increases. The burning of fossil fuels for 

over centuries for generation of power 

suffers from major disadvantages: 

depletion of fossil fuels and 

environmental pollution. The world is 

thus moving towards greener and 

cleaner means for power generation 

through renewable energy sources. 

Modern day power generating units are 

gravitating towards combination 

systems comprising of both 

conventional and renewable power 

sources, such systems also called hybrid 

power systems. Electrical fault is an 

abnormal condition which may be 

caused by the equipment failure or 

malfunctioning, human errors or 

environmental conditions [2]. The 

various reasons for faults occurring in a 

power system may be due to insulation 

failure, lightning flashover, physical 

damage or human error. Fault analysis 

and prediction is very important to 

detect the fault, prevent the fault, and to 

clear the system from abnormal 

conditions as well as to avoid the fault 

[3-5]. Prediction of fault is also 

important for designing and selection of 

device like circuit breaker and relays 

and it also helps to improve the power 

system stability and the reliability [6]. 

Prediction of fault helps in the planning 

of erection of new system and feasibility 

study for future provision for extension 

of power system due to increased load 

demand [7].  

The fault analysis of power system is 

required to provide information for the 

selection of switchgear, settings of relay 

and circuit breakers for power system 

protection [3-5]. Faults are of different 

categories like shunt fault and series 

faults.  

In this case study, different fault 

analysis data is obtained by developing 

the whole system in ETAP software and 

creating fault conditions (LL, LG, LLG) 

at various buses and studying the effect 

on the power system. In the proposed 

study voltage regulation at different 

buses, current directions of lines are 

monitored and recorded. The system 

comprises of two generators supplying 

power to two different busses whereas a 

PV array (PVA) and a Wind Turbine 

generator (WTG) also feeds power to 
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another bus. In this paper the fault 

analysis of an IEEE14 Bus hybrid power 

system is presented [8-10]. The effects 

of short circuit faults on various buses 

especially the wind generator-PV bus is 

analyzed and presented here [11-12].     

 

Fig. 1  IEEE 14-bus system  

 

Fig. 2  IEEE 14-bus system in ETAP  

Fig. 1 shows the line diagram of the PV-

Wind integrated standard IEEE 14-bus 

system and Fig. 2 shows the modelling 

of the same system in ETAP software. 

Two Synchronous Generators (GS) are 

connected to Bus 1 and Bus 2 as in Fig.  

1 and Fig. 2.    

A synchronous motor (MS) act as 

synchronous condenser connected to bus 

6. Wind turbine generator (WTG) and 

PV array (PVA) feeds power to Bus 3. 

Bus 8 is taken as slack bus. 

Table 1: Generator parameters  

SL

. 

No

. 

Impedanc

e ID, Z(Ω) R(Ω) X(Ω) 

1 Z1 
0.0193

8 
0.05917 

2 Z2 0.012 0.20912 

3 Z3 
0.0469

9 

0.19779

7 

4 Z4 0.0670 0.17103 

1 

5 Z5 0.5811 0.17632 

6 Z6 
0.0569

5 
0.17388 

7 Z7 
0.1229

1 
0.25581 

8 Z8 
0.0661

5 
0.13027 

9 Z9 
0.2209

2 
0.19988 

10 Z10 
0.1709

3 
0.34802 

11 Z11 
0.1271

1 
0.27038 

12 Z12 
0.0318

1 
0.0845 

13 Z13 
0.0949

8 
0.1989 

14 Z14 
0.0820

5 
0.19207 

15 Z15 
0.0133

5 
0.04211 

16 Z16 0.012 1.55618 

17 Z17 0.012 0.25202 

18 Z18 0.012 0.17615 

19 Z19 0.012 0.11001 

20 Z20 
0.0540

3 
0.22304 

Table 2: Line Impedances  

  
Ty

pe 

MV

A 
kV 

rp

m 

X/

R 

Co

nn 

Ge

n1 

Ste

am 

Tur

bo 

188.

235 

13

9.9 

18

00 
10 

Wy

e 

Ge

n2 

Ste

am 

Tur

bo 

94.1

18 

13

7.9 

18

00 
10 

Wy

e 

 

2. SYSTEM PARAMETERS 

Table 1 enlists the generator 

parameters. The total MVA of two 

Synchronous Generators is 

282.353MVA. 
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Table 3: Transformer Parameter 

Transfor

mer ID 

MV

A 

Prim 

kV 

Sec 

kV 

Ty

pe 

T3 100.

00 

132.0

00 

138.0

00 

YN

d 

T6 100.

00 

132.0

00 

138.0

0 

YN

d 

 

Table 4: Transformer Parameter 

Transfor

mer ID 

 MVA kV 

T1 Prima

ry 

100.00

0 

138.0

00 

Seco

ndary 

100.00

0 

132.0

00 

Tertia

ry 

100.00

0 

132.0

00 

 
 

Table 2 enlists the line impedances 

Z1 to Z20 of the transmission lines. Table 

3 shows transformer specs for 

transformer T3 and T6. The transformer 

parameters of T1 which is a three 

winding transformer, primary, 

secondary and tertiary winding specs 

mentioned in Table 4.   

The lumped loads with 

corresponding kVA ratings connected to 

the buses are shown in Table 5. There 

are total of eleven lumped loads 

connected to different buses.   

Table 5: Lumped load 

Lump

ed 

Load 

ID 

kVA 

ratin

g 

kV kW kvar 

Lump

1 

2514

3 

139.

9 

21371

.6 

13244

.9 

Lump

2 

9611

7 

139.

9 

81699

.5 

50632

.8 

Lump

3 

5000

0 

139.

9 
42500 

26339

.1 

Lump

4 
7741 

139.

9 

6579.

9 

4077.

8 

Lump

5 

1227

5 
132 

10433

.8 

6466.

3 

Lump

6 

2868

4 
132 

24381

.4 

15110

.2 

Lump

7 
9535 132 81.4.8 

5022.

9 

Lump

8 
3596 132 

3056.

6 

1894.

3 

Lump

9 
6113 132 

5196.

1 

3220.

2 

Lump

10 

1398

2 
132 

11884

.7 

7365.

5 

Lump

11 

1498

5 
132 

12737

.3 

7893.

8 

 

2. CASE STUDIES OF BUS 

FAULTS  
 

2.1 Case Study-1: short circuit 

calculation for 3 phase LG, LL, LLG 

faults at Bus 3 
 

The Fig 3 below shows the ETAP 

simulation fault analysis data for three 

types of faults LG, LL, LLG at Bus no 

3(red). A wind turbine Generator 

(WTG) and a PV based power 

generation unit feeds power to Bus-3. 

The fault at Bus-3 causes severe effect 

on the 14 Bus system with Bus-2 and 

Bus-4 being majorly affected. PV Array 

and WTG are connected to bus no 3 and 

the impacts of fault on nonconventional 

sources are observed.   

 

2.2 Case Study-1: short circuit 

calculation for 3 phase LG, LL, LLG 

faults at Bus 3 
 

The Fig 4 below shows the ETAP 

simulation fault analysis data for three 

types of faults LG, LL, LLG at Bus no 

4(red). Three Winding Transformer T1 

and another transformer T2 are 

connected at this Bus. The fault at Bus-4 

causes effect on the Bus-2, 3 and 5 

majorly affected. T1, T2 and T3 are also 

affected. 

 

2.3 Case Study-3: short circuit 

calculation for 3 phase LG, LL, LLG 

faults at Bus 1 

 

The Figure 5 below shows the ETAP 

simulation fault analysis data for three 

types of faults LG, LL, LLG at Bus no 

1(red). Bus-1 being one of the main 

generator Bus of 160 MW capacity, 

fault at this Bus enormously effecting 

the other Bus voltages specially Bus-2, 
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3, 4 and 5. It analyzes the effect of 

generator bus fault on the generator.  

 

 

 

 
Fig. 3. Fault at Bus 3 in an IEEE-14 bus system 

  

Fig. 4. Short Circuit analysis with fault at Bus 3 
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Fig. 5. Fault at bus 4 in an IEEE-14 bus system 

 
Fig. 6. Short Circuit analysis with fault at Bus 4 

 

Fig. 7. Fault at bus 12 in an IEEE-14 bus system 

 

 

Journal of Engineering Sciences Vol 15 Issue 05,2024

ISSN:0377-9254 jespublication.com Page 1257



 
Fig. 8. Short Circuit analysis with fault at Bus 12 

2.4 Case Study-4: short circuit 

calculation for 3 phase LG, LL, LLG 

faults at Bus 12 

The Fig 7 shows the ETAP 

simulation fault analysis data for three 

types of faults LG, LL, LLG at Bus no 

12 (red). Bus-12 being one of the load 

bus. When fault occurs at this bus 

enormously effecting the other Bus 

voltages specially Bus-2,3,4,5,6 and 13. 

Effecting es specially Bus-2,3,4,5,6 and 

13. 
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