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Objective

The objectives of this laboratory experiment are summarized below:


1. To become familiar with Schweitzer 351 relay.


2. To become familiar with connection of Schweitzer 351 relay to

          a model power system.



3. Learn to perform measurements with Schweitzer 351 relay. 


4. Learn to set Schweitzer 351 relay for line protection.

Pre - Lab

Familiarize yourself with the Schweitzer 351 relay instruction manual. 

Figure 1 shows a one-line diagram of the three-phase model power system which consists of:


- Source


- Transformer


- 300 mile/320 kV radial line


- 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 = 6.9 + j 53.16 Ω

CLine = 0.94 μF

Perform calculation of the source current, line current, sending-end bus voltage, and receiving-end bus voltage of Figure 1 for the following cases:

Case 1: A resistive load of 150 Ω is connected to the receiving-end of transmission line

Case 2: A short circuit is placed across the load.

Document the magnitude and phase angle of the source current and the sending-end bus voltage for cases 1 and 2. Calculation of Case 2 provides the three-phase fault current at the end of the line. From the magnitude of the three-phase fault current, obtain the magnitude of the phase-to-phase fault current at the end of the line.  

Procedure
A Schweitzer 351 overcurrent 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.  Also, turn on the three-phase 150 Ω resistors.

Now follow the below steps to simulate phase-to-phase phase-to-neutral faults:
1. Double Click on the AcSELerator icon on the computer desktop. 

2. Click Communication Parameters.  Click OK
3. Click OPEN, select and open the ECE472 SEL351S option.
4. Go to Group 1 ( Set 1 ( Phase Time-Overcurrent

      In the 51P1P Level 1 Pickup, enter in the calculated relay setting. 
      For 51P1TD (Time Dial), enter in 15.


Go to FILE  ( SAVE 
5. Click on the Send Active Settings icon on the toolbar. Select Text. Click OK and wait. 

6. 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  voltages and currents are correct.
7. 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 note that the power factor is leading or lagging.     
8. Next, connect the normally open switch between phases A and B on the receiving-end of the transmission line and push down on the green button for only three seconds (not more than 3 seconds).  At the same time look at the Phasor diagram and note the change in the system operating condition.  Record the relay trip or non-trip action, and explain this result.
9. CLOSE out of the metering window by clicking the X of the smaller window  and change the 51P1TD (Time Dial) setting from 15 to 1.  SAVE your settings and click the Send Active Settings icon on the toolbar again. Select Text. Click OK on the following screen and wait for the settings to be uploaded.
10. Again, Click on the Human Machine Interface icon on the toolbar and push the pushbutton for 3 seconds (that is still connected between phases A and B on the receiving end of the transmission line).  Observe the relay action on the Device Overview and the front panel of of the relay.  

11. Go to Tools ( Events ( Get Event Files.  Select the most recent event and change the event type to 4 Samples/cyc 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).
12. 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 the plot (if you don’t know how to do this, ask your instructor for a quick demo). Click on the Print button on the bottom right corner, select the desired printer, and click OK.  Close out the oscillography window and go back to the Device Overview page.  Push the target reset button on the front of the relay.
13. Repeat the above process for phases B-C and C-A.  Include oscillograph printouts. 
14. Now connect the normally open switch from Phase A to Neutral.  Repeat the same process that you performed for the phase to phase faults and observe the results.  Include a printout of the resulting oscillograph. 
15. After obtaining the final printout, go back to your Group1( Set 1 ( Phase Time-Overcurrent Elements Window and type in OFF into the 51P1P box.

16. SAVE the file and exit out of AcSELerator.

Turn the power supply voltage back to zero and shut the power off. 

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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