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Objective

The objectives of this laboratory experiment are summarized below:


1. To become familiar with Schweitzer 311-C relay.

2. To become familiar with connection of Schweitzer 311-C relay to
          a model power system.


3. Learn to perform measurements with Schweitzer 311-C relay. 

4. Learn to set Schweitzer 311-C relay for line protection.

Pre - Lab

Familiarize yourself with the Schweitzer 311-C relay instruction manual. 
Figure 1 shows a one-line diagram of the three-phase model power system which consists of:


- Source

- Transformer


- Two 100 mile/132 kV radial lines

- Resistor Bank
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Figure 1. Model Power System

The following are the data for this model power system:
VSource = 120 V (line-to-line)
Transformer Turns Ratio = 1

ZTransformer = 6.8 + j 1.17 Ω    

ZLine = 5 + j 17.72 Ω (each line section)
CLine = 0.06 μF (each line section)
RLoad = 150 Ω
Perform calculation of the current, voltage, and impedance that the distance relay would see in Figure 1 for the load and the following fault cases:

Case 1: A three-phase fault at F1
Case 2: A three-phase fault at F2
For this setup two transmission lines are connected in cascade to represent a 200 mile line. Fault F1 represent a fault at the middle of the line and fault F2 represents a fault at the end of the line. 
Procedure

A Schweitzer 311-C protection and automation system relay is connected to the sending-end of transmission line to protect the transmission line against short circuits. The USB converter should be connected to the port in front of the relay and jumpers should be crossed for this relay.  To test the proper operation of relay, turn on the source voltage and the load. Gradually increase the source voltage until you reach 120 V. Note that the line-to-line voltage is 120 volts. Therefore, the line-to-neutral voltage will be 69.28 V. 
To connect the Schweitzer 311-C relay to the lab PC, perform the following:

1. Double Click on the AcSELerator icon on the computer desktop 
2. Click on Communication Parameters.  Then click on OK

3. Click on OPEN, select and open the ECE472 SEL311C
4. Go to Group 1 ( Set 1 ( Phase Distance.  Make Z1P equal to 80% of the total line impedance (note that there are two transmission line boxes).  Make Z2P equal to 120% of the total line impedance.  Make Z3P equal to 150% of the total line impedance.
5. Go to FILE ( SAVE

6. Click on the Send Active Settings icon on the toolbar.  Select Group 1.  Click on OK and wait. 

7. Click on the Human Machine Interface icon in the toolbar.  This will load up a Device Overview window and you can observe metering data.  Verify that your line-to-neutral voltages and currents are correct.

8. In addition to the metering window, you can also open the Phasors tab and observe both a graphical representation and numerical data for your system.  Record the phase rotation and observe if the power factor is leading or lagging.     

9. Next, connect the normally open switch between phases A and B on the sending- end of the transmission line and push down on the pushbutton momentarily.  Look at the LED targets on the front of the relay. What has triggered?  Then Click on Device Overview on the left-hand side of the screen, and reconfirm the relay targets on the computer screen. 
10. Go to Tools ( Events ( Get Event Files.  Select the most recent event and change the event type to 4 Samples/cyc on on the righthand side of the screen.  Then click on the Get Selected Event button on the righthand side of the screen.  After waiting, a Save Event Report screen should appear.  Save it as filename.cev (for instance, ab_trip.cev).

11. Next, go to Tools ( Events ( View Event Files and open the event you just saved.  An Oscillograph output should show.  Select IA, IB, and IC for plotting. Observe the plot and go to the Event Waveform Window ( View ( Summary Data and print off the results.  Close out of the Event Waveform Window.  Then click on the “Close” button on the right-hand side of the screen.
12. Click on the Control Window on the left-hand side of the screen. Now click on Target Reset. Look at the LED targets on the front of the relay. What has happened?

13. Next, connect the normally open switch between phases B and C at location F1 (at the middle of the transmission line) and push down on the pushbutton momentarily. Look at the LED targets on the front of the relay.  What has triggered?  

14. Repeat steps 10 and 11 for this new event.
15. Next, connect the normally open switch between phases C and A at location F2 (at the end of the transmission line) and push down on the pushbutton for a slightly longer time.  Look at the LED targets on the front of the relay. What has triggered?  

16. Repeat steps 10 and 11 for this new event.

17. Click on the Human Machine Interface icon.  On the left-hand side of the screen click on the Control Window.  Under History hit Clear and select Yes.  Under SER hit Clear again and select Yes.  Exit out of the Window.

18. Go back to Group 1 ( Set 1 ( Phase Distance Setting and set Z1P, Z2P, and Z3P to OFF.
19. Go to File ( Save and click on the Send Active Settings icon.  Click OK and wait.

20. EXIT out of the relay and you should be back to your desktop.
Turn the power supply voltage back to zero and shut the power off. Also, turn off the relay.

Documentation
Turn in a brief Memo about this experiment in a week from the experiment date. Attach all of the pre-lab calculations and computer printouts to your Memo. 
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