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Abstract - This work describes the visual approach to electric power system, showing the power flow in normal and 

contingency situations using voltage and current contouring technique. The analysis is done using the well-known Power 

World application. This program design and analyze practical power system in user-friendly manner by employing a 

graphical user interface (GUI) environment. The work deals with solving problems for blackout case scenario and giving 

solution alternatives. The report is organized into five sections. First section briefs an overview of the work and its major  

objectives with importance of visual approach in power system. Second section deals with Power World notations and 

symbols. Third section briefs power system analysis and contingency analysis. Forth section covers the case study of the 

blackout situation at Taibah University region. Fifth section shows voltages and currents loading analysis. Sixth section 

concludes the work’s results. 
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I.  INTRODUCTION 

 

HIS work aims are to collect power system data 

from Operation and Maintenance (O&M) at Taibah 

University [8] and develop power flow and 

contingency analysis using PowerWorld program 

after comparing the result with Matlab program. 

Reference for power flow study can be taken from [1, 

2] and the PowerWorld program simulator can be 

downloaded from [3]. 

The power-flow study is a numerical analysis in an 

interconnected system. A power-flow study uses 

simplified notation such as a one-line diagram and 

per-unit system, and focuses on various aspects of 

power parameters, such as voltages, voltage angles, 

real power and reactive power. It analyzes the power 

systems in normal steady-state operation.  

The contingency analysis purpose is to analyze the 

power system in order to identify the overloads and 

problems that can occurred due to transmission line 

failure cases. Contingency analysis is done when 

abnormal condition in electrical network occurred. It 

is designed to discover the power flow problem and 

reducing the risk process for developing back-up 

plans in anticipation of events that might disrupt in 

the future. 

Power system simulation models are a kind of 

computer simulation programs that focus on the 

operation of electrical power systems. PowerWorld 

Simulator is an interactive power system simulation 

package designed to simulate high voltage power 

system operation on a time frame ranging from 

several minutes to several days. The software 

contains an effective power flow analysis package 

capable of efficiently solving systems of up to 

250,000 buses. PowerWorld program will be the key 

for the solutions used in the power flow and 

contingency analysis. 

The importance of visual approach in power system 

is very crucial for planning and operational 

situations [4, 5, 6]. This paper highlights the 

importance of having a visual method in electric 

power system for university region. It covers the 

blackout situation happened at Taibah University as 

a case study. 

 

II. POWERWORLD PROGRAM 

 

Power system simulation models are under the class 

of computer simulation programs that focus on the 

operation of Electrical Power Systems. These 

computer programs are used in a wide range of 

planning and operational situations. PowerWorld 

Simulator is an interactive power systems simulation 

package designed to simulate high voltage power 

systems [7]. 

 

A.  Program Utilization and Steps 

The PowerWorld program is being used to 1) draw 

the single line diagram, .2) obtain the power flow 

analysis, 3) execute contingency analysis, and 4) run 

voltage and current loading (contour) analysis. 

Simple steps achieving the above objectives are as 

follows: 

 Open the program and select file and choose 

new case. 

 Select draw, and draw or import the single line 

diagram. Then, assign the values (buses, 

transmission line, load, and generator). 

 To change the value press on the generator or 

load and choose “add new filed around the 

generator or load”. If you want to change the 

value, press on generator and also the load. 

T 
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 Choose single solution then, select tools and 

choose play. 

 To run contingency analysis, change the 

diagram, save to other file name, then run power 

flow for that case. 

 To analyze voltage and current loading (color 

contour), choose contouring and select the object 

(bus/line/transformer). 

B.  Program Symbols and Notations 

Power World program has its special symbols for the 

electrical elements as shown below in Table 1, such 

as symbol for the generator, busbar, circuit breaker, 

transformer, disconnected switches, transmission 

lines and loads. 

 

 

CIRCUIT BREAKER 

(NORMALLY CLOSED) 

 

 

 

 

CIRCUIT BREAKER 

(NORMALLY OPEN) 

 

 

 

TRANSMISSION LINE 

(Circuit breaker normally open)  

 

 

 

 

TRANSMISSION LINE 

(Circuit breaker normally closed) 

 

 

 

 

TRANSFORMER 

(Circuit breaker normally open) 

 

 

 

TRANSFORMER 

(Circuit breaker normally closed) 

 

 

 

LOAD 

 

 

 

 

GENERATOR 

 

 
 

BUS BAR 

 

 
TABLE I 

Symbols and Notations for Power World [3] 

 

III.  THREE-BUS SYSTEM EXAMPLE 

 

Figure 1 shows the one line-diagram of a simple 

three-bus power system with generators at buses 1 

and 3. The magnitude of voltage at bus 1 is adjusted 

to 1.05 pu. Voltage magnitude at bus 3 is fixed at 

1.04 pu with a real power generation of 200 MW. A 

load consisting of 400 MW and 250 Mvar is 

connected at bus 2.  
Fig. 1.  One-line diagram of Three-bus system example 

(impedances in pu on 100-MVA base) [1]. 

Obtaining the power flow solution using Matlab 

program is shown in Table 2. 
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TABLE 2 

Matlab Results for Three-Bus System Example [1] 

 

Obtaining the power flow solution using 

PowerWorld program for the there-bus system 

example (shown in Figure 2) gives the results as in 

Table 3. No transmission lines have been overloaded. 

 
Fig. 2.  The Three-bus system example after running situations 

 

 
TABLE 3 

Power World Results for Three-Bus System Example 

 

Referring to Table 2 and Table 3, power loss results 

of PowerWorld is compared with Matlab as shown in 

Table 4, indicating the higher values tendency given 

by PowerWorld outcomes by 1.5% to 18% proven its 

higher accuracy. 

 Active power 

loss  (%) 

Reactive power 

loss (%) 

Bus1 to 2 1.55 1.43 

Bus1 to 3 11.11 9.09 

Bus2 to 3 18.27 18.33 
TABLE 4 

Power World Vs Matlab Power Loss Results Comparison 

 

The power flow solution in terms of contingency 

situation in line1-2 by PowerWorld program is 

demonstrated in Figure 3. It shows that the line1-3 is 

being overloaded. 
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Fig. 3.  The Three-bus system example on contingency of line 1-2 situations 

IV.  UNIVERSITY REGION CASE STUDY 

 

The case study under concerned is to conduct power 

flow and contingency analysis in Taibah University 

region simulating its previous blackout scenario. The 

analysis is being done using PowerWord program. 

Taibah University has 33 distribution transformers 

where their loads varying between 1MVA to 

2.5MVA and these distribution transformers are fed 

from the main feeder of Islamic University (13.8 kV) 

through the main switch as shown in Figure 4. 

 

 

 
Fig. 4.  The distribution lines of Taibah University [8] 

 

These 33 distribution transformers have been divided 

to three main cables that came from the main switch. 

First cable is the blue line which has 10 distribution 

transformers, second cable is the red line which has 

11 distribution transformers, and the third cable is 

the green line which has 12 transformers [8]. 

 

A.  Single line Diagram, Data and Scenarios 

The single line diagram is the roadmap of the case 

study analysis. By standard schematic symbols we 

can define and present our case study with the easiest 

and clearest way to the reader.  

 

This design helps the analyzer to execute some 

scenarios that simulate some contingency situations 
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and analyze the results in a simple and intuitive 

manner. As shown in Figure 5, 32 transformers 

feeding the loads through the incoming 13.8 kV 

utility-fed cable.  

 

The simulation of blackout scenario is involving blue 

and red line, therefore only data of blue and red lines 

are presented in Table 5[8]. 

In terms of contingency analysis the three cases are 

listed below. 

 First, the connection between 9090A (circuit 

breaker) for the red line and 1758A circuit 

breaker for the green line. 

 Second, the connection between 12398 

(transformer) for the red line and 15130 

(transformer) for the blue line. 

 Third, the connection between 1758B circuit 

breaker and 3870 (transformer) for the green 

line. 

 
TABLE 5 

Blue and Red Lines Transformer and Load Data 

 

 

 
Fig. 5.  The single line diagram of the case study [8] 

 

 
TABLE 6 

Single Line Standard Symbols for the Case study 

 

It has been used for the single line diagram of the 

case study some standard symbols as shown in Table 

6 such as the generator, bus-bars, circuit breakers, 

transformers, disconnected switches, transmission 

lines and loads. 

 

B.  Power Calculations 

To simulate Taibah University region using 

PowerWorld program, calculations such as the real 

power in MW and reactive power in MVar are 

needed, as shown in Table 7. 

 
TABLE 7 

Power Calculations for the Case study 
 

To solve the real power (P) and reactive power (Q), 

the values for the voltage and the power factor 

needed to be assumed.  

In this case, the voltage value is considered as the 

secondary phase voltage (line to neutral) as shown in 

Table 5 and the power factor = 0.8           

 36.87°. Equations (1) to (3) are 

used for the calculations. 

 

         

 (1) 

         

 (2) 

              

 (3) 

 

To draw the transformer and transmission line in 

PowerWorld program, the per unit impedance 

parameters (resistance “R” and reactance “X”) 

needed to be set as shown in Figure 6 and 7 [9, 10]. 



International Journal of Electrical, Electronics and Data Communication, ISSN(p): 2320-2084, ISSN(e): 2321-2950 

Volume-7, Issue-6, Jun.-2019, http://iraj.in 

The Visual Approach in Contingency Analysis using Contouring Technique 

 

47 

 
Fig. 6.  The R and X parameters of transformer in PowerWorld 

program 

 

 
Fig. 7.  The R and X parameters of transmission line in 

PowerWorld program 

 

From the data of transformers in Table 8 (left side) 

and by using Equations (4) to (6), the “R” and “X” 

can be obtained as show in Table 8 (right side). 

 

          (4)

 

              (5)
 

           (6)
 

 

 
TABLE 8 

Transformer Data and Its Calculated R and X Values 

 

C.  Simulation Results 

The PowerWorld simulation results are tabulated in 

Table 9 for Blue line and Red line. The simulation 

single line diagram can be seen in Figure 8. 
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TABLE 9 

Simulation Results for Blue and Red Lines

 
Fig. 8.  The simulation single line diagram 

V. VOLTAGES AND CURRENTS LOADING 

ANALYSIS 

 

In this section we are presenting the analysis on the 

voltages and currents contouring technique by 

describing which area has more or less voltage or 

current in terms of colors, as following Fig. 9, for the 

base case as in Fig 10 and Fig 11. 
 

 
Fig. 9.  The Colors Arrangements (Max-Min) 

 

 
Fig. 10.  Voltage loading (PU) analysis for “base case” 

 

 
Fig. 11.  Current loading (Amp) analysis for “base case” 

 

VI. CONCLUSION 

 

This report has addressed PowerWorld program by 

implementing an example and the Taibah University 

region case with analysis. The report highlighted the 

power flow in terms of contingency and system 

which is implemented in PowerWorld program in 

comparison with Matlab. The report consisted on 

schemes that show the actual Taibah University 

region on the field which made the drawing of single 

line diagram closer to the actual system. Results are 

presented showing the outcomes that matched the 

actual system. Contingency analysis on the example 

case is simulated and result is given. Voltages and 

currents contouring technique is introduced for the 

base case scenario. 
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