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Objective

The objectives of this laboratory experiment are summarized below:


1. To become familiar with Schweitzer 121 relay.

2. To become familiar with connection of Schweitzer 121 relay to
          a model power system.


3. Learn to perform measurements with Schweitzer 121 relay. 

4. Learn to set Schweitzer 121 relay for line protection.

Pre - Lab

Familiarize yourself with the Schweitzer 121 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 121 distance relay is connected to the sending-end of transmission line to protect the transmission line against short circuits. 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 121 relay to the lab PC, turn the relay on (you should hear relay clicking) and double-click on the SEL icon. The USB converter should be connected to the port 2. Then perform the following:

1. Type ACCESS 

2. Type OTTER which is your Level 1 password

3. Type METER and document three-phase voltages and currents
4. Type SHOWSET1 and make sure PTR and CTR are set for 10
5. Type SET1 to change settings of the relay, and document the relay message

6. Type 2ACCESS

7. Type TAIL which is your Level 2 password 

8. Type DATE mm/dd/yy

9. Type TIME hh:mm:ss
10. Type METER and document three-phase voltages, three-phase currents, and total three-phase real and reactive power. Confirm the values based on the current CTR and PTR settings
11. Type SET1 and perform the following:

a. Change the ID to ECE 472 and your names

b. Set R1 to resitance of the line
c. Set X1 to reactance of the line
d. Set line length to 200 miles

e. Set Zone 1 for 80% reach

f. Set Zone 2 for 140% reach

g. Set Zone 3 for 170% reach

h. Type END
i. Type Y and you should hear relay clicking

12. Short phases A and B by pushing the normally open switch down momentarily at the sending-end of the line (Read the ammeter current value while you are shorting the two phases). Do the same for phases B-C and C-A faults. 
13. Document the relay message and confirm that the value of fault current is OK

14. Type HIST 

15. Reset the target

16. Short phases A and B by pushing the normally open switch down momentarily at F1 (Read the ammeter current value while you are shorting the two phases). Do the same for phases B-C and C-A faults.
17. Document the relay message and confirm that the value of fault current is OK
18. Type HIST

19. Reset the target

20. Short phases A and B by pushing the normally open switch down momentarily at F2 (Read the ammeter current value while you are shorting the two phases). Do the same for phases B-C and C-A faults.
21. Document the relay message and confirm that the value of fault current is OK

22. Type HIST

23. Type QUIT and close the relay window

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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