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ECE 472
POWER SYSTEMS II
EXPERIMENT 2 – WEEK 3
CURRENT DIFFERENTIAL SYSTEM
Objective

The objectives of this laboratory experiment are summarized below:


1. To become familiar with the SEL-387 Current Differential Relay.

2. To become familiar with the connection of the SEL-387 relay to a model
          power system. 

3. To become familiar with the terminal software, and perform basic relay operations.
      4. To implement internal transformer faults and record the results. 
Pre - Lab

Familiarize yourself with the SEL-387 Current Differential Relay instruction manual. 
Figure 1 shows a one-line diagram of the three-phase model power system, which consists of:


- Source

- Transformer


- 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

CT Ratios = 1

ZTransformer = 6.8 + j 1.17 Ω    

Perform calculations of the transformer primary and the secondary currents of Figure 1 for the following cases:

Case 1: A resistive load of 150//300//600 Ω connected to the secondary of the

            transformer (load side).
Case 2: A short circuit placed on the secondary of the transformer.
Calculation of Case 2 provides the three-phase fault currents for a fault at the secondary side of the transformer. From the magnitude of this three-phase fault current the magnitude of phase-to-phase fault currents can be obtained based on the following formula:







IPhase-To-Phase = 0.866 * IThree-Phase
Procedure

The SEL-387 is a microprocessor based multifunctional device that provides a four input, three-phase percentage current differential protection with and without harmonic restraint.  Additionally, this device can perform three-phase, ground, and negative sequence overcurrent protection and control; data recording; breaker monitoring for up to four breakers; transformer monitoring; and metering.  Typical application of this device is for protection of transformers, motors, generators, and buses.  For this experiment, internal transformer faults will be simulated and the relay response will be observed.
The SEL-387 Current Differential Relay is connected to the model power system, as shown in Figure 1.  The USB conveter should be connected to Port 3 and jumpers should be crossed for this relay.  To observe the operation of this relay, turn on the three-phase source voltage and gradually increase the voltage until you reach 120 V line-to-line. Therefore, the line-to-neutral voltage will be 69.28 V. The resistor box should be completely off.
Follow the below steps to observe the relay response for normal operation, phase-to-neutral faults, and phase-to-phase faults:
To connect the Schweitzer 387 relay to the lab PC, turn the relay on (you should hear relay clicking) and double-click on the SecureCRT-SEL icon. Then perform the following:

1. Type ACCESS 

2. Type OTTER which is your Level 1 password (relay technician level)
3. Type METER and observe the values
4. Type SHOW and document relevant settings of the SEL-387 relay

5. Type SET to change the settings of the relay, and document the relay message

6. Type 2ACCESS

7. Type TAIL which is your Level 2 password (relay engineer level)
8. Type DATE mm/dd/yy

9. Type TIME hh:mm:ss

10. Type METER and observe the values
11. Type SET and perform the following:

a. Change the RID to ECE 472 
b. Change the TID to your names

c. Set E87W1 and E87W2 to Y
d. Set E87W3 and E87W4 to N

e. Disable all O/C elements and Selogics

f. Set W1CT and W1CT to the appropriate connection type (delta or wye)

g. Set CTR1 and CTR2 to 1000. This will make the metering show in mA instead of A for better accuracy.

h. Set MVA to OFF

i. Set ICOM to N

j. Set TAP1 and TAP2 to 0.50

k. Set O87P to 1.0

l. Set SLP1 to 44

m. Set SLP2 to 45

n. Set IRS1 and U87P to 1.0

o. Set PCT2, PCT5, and TH5P to OFF

p. Type END

q. Type Y and you should hear relay clicking

12. Turn on all three resistive loads.
13. Type METER and document the currents.

14. Since now there is current going through the transformer, we should get a different response when we short out the secondary side of the transformer.
With the N.O. switch still connected between phase A and the neutral of the transformer secondary side, momentarily push the green button (don’t keep the button down for very long; otherwise you will blow the transformer fuse). 
Look at the ammeter and document the current peak during the fault quickly.

Also, look at the front panel of the relay and document the status of LEDs (on or off). Now, type TAR 0 and observe the targets on your computer screen.
15. Type HIST and document the faulted condition.
16. Push TARGET RESET button in front of the relay. Alternatively, you can Type TAR R and it would do the same function. This should turn off all the red lights.
17. Repeat Steps 14 through 16, however connect the switch between phase B and the neutral of the transformer secondary side.
18. Repeat Steps 14 through 16, however connect the switch between phase C and the neutral of the transformer secondary side.

19. Connect the normally open switch across phases A and B, then repeat Steps 14 through 16.
20. Connect the normally open switch across phases B and C, then repeat Steps 14 through 16.

21. Connect the normally open switch across phases C and A, then repeat Steps 14 through 16.

22. Copy the relay file and paste into a Word file.  If you made any mistakes during the lab, then delete those lines and save the Word file.  This file should be attached to your lab memo.
23. Type HIST C to clear the history.

24. Type QUIT and close the relay window.
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 the relay file to your Memo. 
Appendix A
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Transformer Connections: YYDAC (fy0di)
Current Transformer Connection: YYY

Fiqure 2.8 Example AC Connections (Three-Winding Transformer)
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