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Objective

The objectives of this laboratory experiment are summarized below: 


1. Gain an understanding of capabilities of the PTI PSS®E simulation package. 

2. Learn to read in a large scale power flow database and solve power flow cases. 
3. Learn to outage power system equipment and solve the contingency scenario.  


4. Determine the impact of the outaged equipment by assessing the thermal and

          voltage violations. 
Procedure

In this lab experiment you will use the Power System Simulator for Engineering    (PSS®E – V33) program. The PTI PSS®E software is loaded in the power lab computers. The shortcut for this program is available on the desktop. Double-clicking on this shortcut will open the program. Then a case can be read in and power flow simulations can be performed. 

The PSS®E package is comprised of a comprehensive suite of programs for studies of power system transmission network and generation performance in both steady-state and dynamic conditions. At present two primary simulators, one for steady-state analysis and one for dynamic simulation, facilitate calculations for a variety of analyses. The steady-state analysis program (traditionally the Load flow Activity Selector) has a completely revamped graphical user interface (GUI), one that’s intuitive and compliant with the many other standard GUI applications. The dynamic simulation program includes all the functionality for transient, dynamic and long term stability analysis.  In addition to steady-state and dynamic analysis, the PSS®E package also provides the user with a wide range of auxiliary programs for data input, output, manipulation and preparation.

This experiment covers only the operation and application of the new PSS®E Interface, which currently focuses on power flow analysis.  Throughout the rest of this experiment you will become familiar with the main features of the PSS®E Power Flow Program.
All of the work for this lab should be performed in the ECE371 folder.
Part 1 – Reading in the Power Flow Data
The power flow case Base.raw is the input data file for the power flow program in the ASCI format. Obtain this PSS®E data file and the three dfx files from your instructor’s website and place them in the ECE371 folder. The Base.raw contains some or all of the following data (Figure 1):
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Figure 1. Data Requirement for PSS®E Power Flow Program
Open this file with a text editor and observe the data. The data size is enormous, and it represents the large scale steady-state model of the ECAR area (ReliabilityFirst Corp. is the new name) of the US power system (shown in Figure 3).
Read in the database by clicking on the main menu File ( Open ( Base.raw
PSS®E opens the following three windows (Figure 2):
· The top left window is the Tree View. It shows the equipment that is modeled in the power flow setup

· The top right window is the Spreadsheet View. It shows bus numbers, names, kV level, area number, zone number, owner, voltage, and angle

· The bottom window is the Output View. It shows the progress of PSS®E activities during the program execution phase
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Figure 2. PSS®E Power Flow Main Window
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Figure 3. ECAR (ReliabilityFirst Corp.) Area

Part 2 – Solving the Power Flow Case
To be able to examine the steady-state status of a power system, we need to solve the power flow case by an iterative method. 

To solve the power flow case, perform the following tasks:

· In the main menu click on the Power Flow ( Solution ( Solve
a. When the Loadflow Solutions window opens, select:

· Fixed Slope Decoupled Newton-Raphson for Solution Method
· Stepping Tap Adjustments for Solution Options 

· Enable All for Switched Shunt Adjustments

· Adjust DC Taps

· Tie lines only for Area Interchange Control
· Apply Immediately for Var Limits 
· Click on the Solve button
· Click on the Close button
b. Observe the Output View window information that has the summary of: 

· Each iteration mismatches 

· A statement of: Reached Tolerance In # Iterations

· A statement of: Largest System Mismatch

· A statement of: System Total Absolute Mismatch


· In the main menu click on the File ( Save ( Case Data
a. Save it as: Base.sav  

The statement “Reached Tolerance in # Iterations” indicates that the power flow case has been solved. If instead of  “Reached Tolerance in # Iterations” you had “Blown Up in # Iterations”, then the program failed to solve the power flow case. Document in how many iterations your power flow was solved.
Part 3 – Creating a One-Line Diagram

The one-line diagram of a solved power flow case can be generated automatically. However, since this power flow case is enormous, we cannot generate a one-line diagram of the entire system. Instead you will generate the one-line diagram of a large generating station.

To generate this one-line diagram with flows and voltages superimposed on it, perform the following tasks:

· In the main menu click on the File ( New ( Diagram ( OK

· In the main menu click on the Diagram ( Auto Draw Styles ( Horizontal Buses
a. Click on the Auto Draw button located in second toolbar row (12th button from left)
b. Click your mouse on top of the Diagram View
c. Select Bus for Auto-Draw window will open
· Type “90000” in Bus Number Area 
· Type “2” in Grow N Remote Area
· Click on the OK button
d. Push the Escape key on the keyboard

e. Reposition the buses and other elements to obtain a nice one-line diagram of the Gibson Generating Station (zooming the diagram a few times and changing the letter font to size 8 helps, ask the instructor if you are having problems)
f. Right click on the diagram ( Diagram Annotation ( Arrow for Flow Direction

· In the main menu click on the File ( Print
a. Print this diagram on one sheet of paper

· In the main menu click on the File ( Save

a. Save this diagram 

Observe and study the information that is provided in the one-line diagram and summarize your conclusions.
Part 4  – Checking the Flows and Voltages
Excessive flows in transmission lines can cause thermal violation of the lines’ limits. High voltages can cause damage to equipment insulation, and low voltages can result in brown-outs and customer complaints. 

To check the flow violations, perform the following tasks:

· In the main menu click on the I/O Control ( Direct Report Output

a. Select File 
b. Type “Flows.out” in the Report Output Destination 
c. Click on the OK button
· In the main menu click on the Subsystem ( Bus 

a. When the Bus Subsystem Selector window opens  
· Select Areas Tab 
· Click on 1 CINERGY and then click on the right arrow button

(Area 1 that is the CINERGY control area will appear in the Selected Areas window)

·  Select BasekV Tab 
· Type “345.0” for Max and “138.0” for Min of the Base kV Range 
· Select Yes for Select By kV
· Click on the Apply button 

· Click on the OK button
· In the main menu click on the Power Flow ( Reports ( Limit Checking Reports

a. When the Limit Checking Reports window opens

·  Click on the Branches Tab 
· Select Rate A for Rating Set 
· Type “100.0” for %Loading

· Select the Selected bus subsystem, then click on Select button

· Click on the Apply button

· Click on the GO button
· Click on the Close button
Check the Output View area. If an “Output Completed” message appears, the flow violation results are placed in the Flows.out file in the ECE371 folder.

To check the voltage violations, perform the following tasks:

· In the main menu click on the I/O Control ( Direct Report Output

a. Select File 

b. Type “Voltages.out” in the Report Output Destination 

c. Click on the OK button

· In the main menu click on the Subsystem ( Bus 

a. When the Bus Subsystem Selector window opens  

· Select Areas Tab 

· Click on 1 CINERGY and then click on the right arrow button

(Area 1 that is the CINERGY control area will appear in the Selected Areas window)

·  Select BasekV Tab 

· Type 345.0 for Max and 138.0 for Min of the Base kV Range 

· Select Yes for Select By kV

· Click on the Apply button 

· Click on the OK button

· In the main menu click on the Power Flow ( Reports ( Limit Checking Reports

a. When the Limit Checking Reports window opens

·  Click on the Out-Of-Limit Bus Voltage Tab 
· Type “0.95” for Min and “1.05” for Max of the Voltage Limits
· Select the Selected bus subsystem, then click on Select button

· Click on the Apply button
· Click on the GO button
· Click on the Close button

Check the Output View area. If an “Output Completed” message appears, the voltage violation results are placed in the Voltages.out file in the ECE371 folder.

Now exit out of PSS®E. Then open the two files with Notepad and print them. Study the printed files very carefully and summarize your conclusions.
Part 5 – Performing the Single Contingency Analysis
Single contingency analysis is typically performed in planning phases of a power system. Any equipment can fail instantaneously in a power system, but the system should operate satisfactorily without any interruptions. This is also known as the N-1 contingency analysis. A single contingency analysis for the Indiana region of the CINERGY system (now Duke Energy) is performed next.
To do the single contingency analysis, perform the following tasks:

· In the main menu click on File ( Open ( Base.sav

· In the main menu click on the Power Flow ( Linear Network ( Build Distribution Factor Data File

a. When the Build Distribution Factor Data File window opens
· Type “dfax.sub” for Subsystem Definition Data
· Type “dfax.mon” for Monitored Element Data

· Type “dfax.con” for Contingency Description Data

· Type “Base.dfx” for Distribution Factor Data Output File

· Click on the OK button
· After the program execution is completed, in the main menu click on the Power Flow ( Contingency ( AC Contingency Solution
a. When the AC Contingency Solution window opens, select:
· Stepping for Tap Adjustments

· Tie Lines Only for Area Interchange Control

· Enable All for Switched Shunt Adjustments

· Adjust DC Taps

· Type “ Contingency.acc” for the Contingency Output File

· Click on the Solve button

b. After several minutes the contingency analysis execution is completed
· Click on the Close button

Now you need to generate the report of this analysis.
To generate the report, do the following tasks:

· In the main menu click on the I/O Control ( Direct Report Output 
a.   Select File 
b. Type “Contingency.out” in the Report Output Destination File
c. Click on the OK button

· In the main menu click on the Power Flow ( Reports ( AC Contingency Reports

a.  When the AC Contingency Reports window opens, select:
· Non-spreadsheet Overload Report
· Rate A for Base Case Rating

· Rate B for Contingency Case Rating 

· Perform Voltage Limit Check

· Exclude Cases with No Overloads from Non-spreadsheet Overload Report

· Type “1” for Minimum Contingency Case Flow Change for Overload Reports

· Type “0.001” for Minimum Contingency Case Voltage Change for Range Violations

· Type “Contingency.acc” for Contingency Solution Output File

· Click on Go button
b. When the “Output Completed” message appears in the Output Bar
· Click on the Close button
c. Exit out of the PSS®E 

Now open the Contingency.out file in the ECE371 folder with Notepad, and prepare it for printing by selecting:

· File ( Page Setup 
a. Select Landscape 
b. Click on the OK button
· Edit ( Select All

· Format ( Font 

a. When Font window opens, type “7” for size and click on OK button
· File ( Print

a. Print this file

Study the contingency report very carefully and summarize your conclusions.
Documentation

At the end of the lab period summarize your conclusions and submit:

· This document with your insertions

· The power flow one-line diagram

· Flows, Voltages, and the Contingency output files from  the PTI PSS®E 
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