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Abstract— Power quality is closely related to electrical 

energy which is directly related to voltage and current 

interference. Electrical equipment used daily requires good 

power quality. The thing that affects the quality of the power 

is the voltage dip. Based on the IEEE 1159-1995 standard, 

voltage sag is a decrease in RMS voltage with duration of 0.5 

cycle to 1 minute. Sag voltage that occurs can have an effect 

on electronic equipment and other problems that often arise 

in the industrial environment. Therefore, a short circuit fault 

analysis was conducted to determine the voltage sag based on 

the type of fault in the sub system in Central Sumatera. 

Short circuit fault analysis is done using Power world 

Simulator 7.0 Students Edition. This study is intended to 

determine the sag voltage when there is a short circuit fault. 

The biggest voltage sag occurs when a short circuit fault of 

single phase to ground at 75% fault location and the smallest 

voltage sag when the three-phase short circuit of 0.7 fault 

location. 
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I. INTRODUCTION  

Good electrical power quality is a very important 
contribution to human life, in the modern century as it is 
now a very vital role in the fields of telecommunications, 
information technology, industry, education, and others. 
Power quality is usually related to a disturbance that 
occurs in voltage, current, and frequency. Power quality is 
a big concern for suppliers and consumers. The effect is 
caused by a lack of power quality felt in some countries, 
where billions of dollars were spent only to improve poor 
power quality. The main reason is that some industries do 
not wish to renew their plants. Over the past few years 
ago, the power quality has been a problem that was 
discussed throughout the country. The main problem is 
the sensitivity of electrical equipment related to power 
quality is lower than before. Some of the problems that 
affected on power quality are voltage dip (sag), swell 
(increase in voltage amplitude), interruption (loss of 

amplitude), harmonics and frequency variations [1]. 
Voltage sag is a phenomenon of Root Mean Square 
(RMS) voltage reduction in a short time during short 
circuit conditions, overloads, and starting large-capacity 
motors [1]. Attention to sag voltage is quite large because 
it can cause damage to some sensitive equipment such as 
adjustable-speed drives, process-control equipment, and 
computers. Some parts of the equipment will trip if the 
RMS voltage is below 90% for a time of more than one or 
two cycles [2]. Voltage sag can occur during short circuits 
conditions hundreds of time from several kilometers away 
on an electric power transmission system. Disruption of 
short circuits such as 1 phase to ground, phases and 3 
phases is a frequent interference, although this 
interference is temporary and lasts relatively short, this 
event can cause a momentary voltage drop. Voltage sag 
(dip) is a decrease in RMS voltage with duration of 0.5 
cycles for 1 minute [3]. 

 

II. LITERATURE REVIEW 

A. Power Quality 

The term power quality is commonly used in the 

recent years in the field of electric power systems. Sag 

voltage is a part of the power quality problems, which also 

known as the dip [4]. Power quality could interpret as the 

ability to meet electrical energy needs without interruption. 

Power quality is a global issue that is a major concern for 

suppliers and customers [5]. Power quality problems have 

a variety of different problems. Each problem has a 

variety of different causes and different solutions that be 

used to improve power quality and equipment 

performance [5]. Some of the problems that affected to 

power quality are voltage sag, voltage increase, 

interruption, transient, flicker, harmonics and frequency 

variations. These problems can have an effect on 

consumer equipment, damage, and losses due to loss of 

production [6]. 
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B. Voltage Sag 

Definition of voltage sag based on the IEEE 1159-

1995 standard is reduction of rms voltage for a short 

duration to an extent between 0.1 and 0.9 pu [7, 8]. 

Duration of sag is seen in between 0.5 cycles and 1 min. 

Sag is often called as voltage dip. In Figure 1, voltage sag 

occurs and returns to normal after 0.12 seconds [2]. 

Measurement of voltage sag to x (volts or percent) is 

given in the percentage or also called sag to, voltage sag 

to 60% is equal to 60% of nominal voltage or 288 Volt to 

480 Volt in the system [9]. Voltage sag is generally 

understood as the amount where the nominal voltage 

decreases in percentage. Thus, the voltage that is 

positioned 40% is equal to Voltage Sag to 60% [10]. 

 

 
Figure 1: Voltage sag plot [2]. 

 

Voltage sag could occur on distribution and 

transmission lines. Voltage sag that occurs at high voltage 

will spread to utility systems and will transmitted to a low 

voltage system via a transformer, as in Figure 2 [10]. 

 
Figure 2: Modeling of voltage sag affected to the 

systems [10]. 

 

Voltage sag can appear in an industry, in general, there 

are two causes of voltage sag, which is due to a fault in 

the system and the ignition of a large power induction 

motor. Obtaining the voltage sag obtain single phase to 

ground fault occurs, by the following equation [11]. 

 

1)  Positive Sequence Voltage 

Positive sequence voltage has single phase to ground 

fault obtained by using the following equation [11]. 
 

𝑉+ 𝑟𝑒𝑎𝑙 = 𝑉𝑏𝑢𝑠 − (
𝐼𝐿−𝐺

3
) × 𝑍1 𝐽𝐴𝑅 × cos 𝜃 (1) 

 

𝑉+ 𝑖𝑚𝑗 = 0 − (
𝐼𝐿−𝐺

3
) × 𝑍1 𝐽𝐴𝑅 × sin 𝜃 (2) 

 

2) Negative Sequence Voltage 

Negative sequence voltage has single phase to ground 

fault obtained by using the following equation [11]. 
 

𝑉− 𝑟𝑒𝑎𝑙 = − (
𝐼𝐿−𝐺

3
) × 𝑍2 𝐽𝐴𝑅 × 𝑐𝑜𝑠 𝜃 (3) 

 

𝑉− 𝑖𝑚𝑗 = − (
𝐼𝐿−𝐺

3
) × 𝑍2 𝐽𝐴𝑅 × 𝑠𝑖𝑛 𝜃 (4) 

 

3)  Zero Sequence Voltage 

Zero sequence voltage on single phase to ground fault 

is obtained using the following equation [11]. 
 

𝑉0 𝑟𝑒𝑎𝑙 = − (
𝐼𝐿−𝐺

3
) × 𝑍0 𝐽𝐴𝑅 × 𝑐𝑜𝑠 𝜃 (5) 

 

𝑉0 𝑖𝑚𝑗 = − (
𝐼𝐿−𝐺

3
) × 𝑍0 𝐽𝐴𝑅 × 𝑠𝑖𝑛 𝜃 (6) 

 

Then the voltage dip when the single line to ground short 

circuit uses the following equation [11]. 
 

𝑉𝑆𝑎𝑔 1𝜙 = √(∆𝑉𝑟𝑒𝑎𝑙)
2 + (∆𝑉𝑖𝑚𝑗)2∠ 𝑡𝑎𝑛−1 (

∆𝑉𝑖𝑚𝑗

∆𝑉𝑟𝑒𝑎𝑙
) (7) 

 

Where 

 

∆𝑉𝑟𝑒𝑎𝑙 = 𝑉+ 𝑟𝑒𝑎𝑙 + 𝑉− 𝑟𝑒𝑎𝑙 + 𝑉0 𝑟𝑒𝑎𝑙 (8) 

 

∆𝑉𝑖𝑚𝑗 = 𝑉+ 𝑖𝑚𝑗 + 𝑉− 𝑖𝑚𝑗 + 𝑉0 𝑖𝑚𝑗 (9) 

 

 

III. RESEARCH METHODOLOGY 

The research methodology conducted in this study is 

shown in Figure 3.  

 
Figure 3: Research flowchart. 

 

IV. RESULTS AND DISCUSSION 

PT. PLN (Persero) Electric power transmission sub 

system Central Sumatera supplied by Hydroelectric Power 

Plants, Steam Power Plants, Combined Cycle Power 

Plant, Diesel Power Plants, Gas Power Plants, and Gas 

Engine Power Plants. System is connected by 150 kV over 

headline high voltage transmission system, to deliver 

excessive power in one region to another region that lacks 

power. There are in addition power generation units that 

supply power to the region's subsystem to meet the power 

needs of each region. The Central Sumatera sub system 

Load Management Unit is one of the units of PT. PLN 

(Persero) in charge of managing the operation of the 

electric power system in West Sumatera, Riau and Jambi. 
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Central Sumatera sub system Single Line as showed in 

Figure 4. This research begins by calculating the line 

impedance at the point of interference of 5%, 10%, 25%, 

and 75% of the 150 kV over head high voltage system. 

Especially at the Balai Pungut to Duri, Singkarak to 

Lubuk Alung and Payoselincah-Aur Duri. Then, process 

simulates the short circuit current on single phase to 

ground and three phases by using the Powerworld 

Simulator 7.0 Students Edition program. After obtaining 

the results of impedance and short circuit fault current, a 

calculation performed to de termine the voltage sag when 

a fault occurs. 
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Figure 4: Single line diagram of sub system in Central Sumatera 
 
 

A.  Voltage Sag on Balai Pungut – Duri  

Voltage sag is obtained based on the value of short circuit 

and in this study using Powerworld Simulator 7.0 Students 

Edition program. Fault location at the line of 5%, 10%, 

25%, and 75% then the results are as showed in Table 1. 

The comparison graph of the Voltage Sag of the Balai 

Pungut-Duri when single phase to ground and three phases 

fault as showed in Figure 5. 

Table 1: Voltage sag on Balai Pungut-Duri lines caused by 

single phase to ground and three phase faults 

\ 
Fault 

Location 

Single Phase to 

Ground 
Three Phase 

5% 49.059,79 ∠0,73o 3.474,62 ∠-88,05o 

10% 48.153,65 ∠1,42o 6.808,70 ∠-88,20o 

25% 45.737,66 ∠3,50o 16.152,17 ∠-88,55o 

75% 39.348,00 ∠10,95o 44.087,55 ∠-88,77o 

 

 

 
Figure 5: Comparison chart of voltage sag on Balai Pungut – Duri lines. 
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B. Voltage Sag on Singkarak-Lubuk Alung 

Voltage sag when there is a short circuit single phase to 

ground and three phase short circuit fault at 5%, 10%, 

25%, and 75% at Singkarak-Lubuk Alung. Then, the 

comparison voltage sag at Singkarak and Lubuk Alung as 

shown in Table 2. Graph of the voltage of the Singkarak-

Lubuk Alung voltage when single phase to ground and 

three phases fault as shown in Figure 6. 

 

Table 2: Singkarak-Lubuk Alung voltage sag 

Fault 

Location 

Single Phase to 

Ground 
Three Phase 

5% 49.747,50 ∠0,29o 668,08 ∠-81,18o 

10% 49.499,24 ∠0,58o 1.331,44 ∠-81,24o 

25% 48.773,65 ∠1,47o 3.307,15 ∠-81,40o 

75% 46.389,84 ∠4,77o 10.153,89 ∠-88,60o 

Figure 6: Comparison graph of voltage sag on Singkarak-Lubuk Alung lines 

 
  

C. Voltage Sag on Payoselincah-Aur Duri 

There is a short circuit single phase to ground and three 

phase short circuit fault at the 5%, 10%, 25%, and 75% of 

the line. Then, comparison of voltage sag at Payoselincah 

and Aur Duri as shown in Table 3. Graph of the voltage 

sag of Payoselincah-Aur Duri when single phase to ground 

and three phases fault as shown in figure 7.  

Table 3: Voltage Sag on Payo Silincah-Aur Duri lines 
Fault 

Location 
1 Phase to Ground 3 Phasa 

5% 48.573,24 ∠-0,58o 1.911,37 ∠-45,89o 

10% 47.180,62 ∠-1,19o 3.798,33 ∠-45,89o 

25% 43.165,76 ∠-3,21o 9.356,98 ∠-45,89o 

75% 30.607,52 ∠-13,70o 28.002,26 ∠-45,89o 

 

 

 
 

Figure 7: Comparison graph of the voltage sag on Payoselincah-Aur Duri lines 
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V. CONCLUSION 

The Voltage Sag when there is a single line to ground 

short circuit on Balai Pungut-Duri at 5%, 10%, 25% and 

75% of the line are 49.059.79 V, 48,153.65 V, 45,737, 66 V, 

and 39,348.00 V. The voltage sag when three phase short 

circuit occurs at 5%, 10%, 25% and 75% of the line are 

3,474.62 V, 6,808.70 V, 16.152.17 V, and 44,087.55 V 

respectively. a single line to ground short circuit on the 

Singkarak - Lubuk Alung line at 5%, 10%, 25% and 75% of 

the line are 49,747.50 V, 49,499.24 V, 48,773, 65 V, and 

46,389.84 V. the three phase short circuit fault occur at at 

5%, 10%, 25% and 75% of the line are 668.08 V, 1.331.44 

V, 3,307.15 V, and 10,153.89 V. Then, there is a single line 

to ground short circuit on the Payoselincah - Aur Duri at 

5%, 10%, 25% and 75% of the line are 48,573.24 V, 

47,180.62 V, 43,165.76 V, and 30,607.52 V respectively. 

While the Voltage Sag when the three phase short circuit 

fault at 5%, 10%, 25% and 75% of the line are 1,911.37 V, 

3,798.33 V, 9,356.98 V, and 28,002.26 V respectively. The 

biggest percentage voltage sag is then that there is a single 

line to the ground short circuit fault occurs on Balai Pungut-

Duri, Singkarak - Lubuk Alung and Payoselincah - Aur Duri 

line is at the 75%. The smallest voltage sag is 5% fault 

location. The biggest percentage of voltage sag when there 

are a three phase short circuits in the Balai Pungut-Duri, 

Singkarak-Lubuk Alung and Payoselincah-Aur Duri line is 

at the 5% fault location and the smallest Voltage Sag is at 

the 75%. 
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