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KD-10 MHO UNITS CALIBRATION USING IN-SERVICE TAPS
(RODGER ALLEN METHOD & Inst. Leaflet 41-490J)

PRELIMINARYS
1. Ensure mho units mechanical adjustments are correct, (end play > .025 in, etc.)
2. Have the relay in its case and level when making electrical checks.

3. Back off the mho units stationary contact to where the moving contact cannot make up to the stationary contact. Loosen the spiral spring restraint to where the mho units moving contact floats between the back stop and the bridge on the stationary contact side.

NOTE: With this calibration procedure, leave the mho units moving contact floating between the backstop and the bridge on the stationary contact side. After this calibration procedure restore the mho units spring restraint and contact gap back to normal. Than run your normal maintenance tests on a warm relay and fine tune MTA and reach at MTA via pots P3, P3A, P2A & P2C and adjustable reactor XLac. 

NOTE: To restore spiral spring tension, tighten spring until the moving contact just restrains back up against its backstop. Than tighten the spring a little bit further to give positive opening restraint while AC Voltage is not present. You should be able to lightly blow on the contact & it should swing closed & then return open, (or tap on the relay and contact should move but have good restraint to open back up). 
To restore contact gap; Use a Simpson to monitor the contact, screw the stationary contact in until it just makes up to the moving contact, than back out the stationary contact 2/3 of one turn. This provides .020 in gap.
CALIBRATION CONTINUED, Three Phase Mho Unit First
4. Three Phase Core Adjustment: Turn to page 18 in the I.L. & do parts 14.2, 14.3 & 14.4 in order. Never Exceed Nameplate PH-PH Voltage. 120 Vac for description.


14.2 CORE ADJUSTMENT

a. Connect relay terminal 8 and 9 together, apply rated ac voltage between terminals 7 and 8. Adjust core by turning it slightly until the contact arm floats or restrains very slightly.

b. Connect the relay terminals 7 and 8 together and apply rated ac voltage between 7 and 9. Adjust core until the contact arm just floats or restrains very slightly. If this is not possible, rotate

core 90° and adjust. Recheck part “a” to determine if contact is floating or restraining. 
If not, repeat parts “a” and “b”. Keep repeating until parts “a” & “b” both float or slightly restrains the moving contact.

14.3 P3A ADJUSTMENT

Connect relay terminals 7 and 9 together and apply rated ac voltage between 7 and 8. Adjust P3A so that the 3-ph unit contact just floats or restrains very slightly. If P3A does not have sufficient range to make this adjustment, use R3F resistor to bring P3A within the necessary range. This calibration point is temperature sensitive and will change with time if capacitor C3C drifts. The relay contacts must stay open when terminals 7 and 9 are shorted and rated voltage is applied between terminals 7 and 8, with no current applied. This test assures proper response of the 3-phase-unit for 3-phase faults and for CA phase-to-phase faults.

14.4 FINAL CORE ADJUSTMENT FOR KD-10 ONLY

This check is done to prevent contact closing on current-only.

a. Short circuit relay terminals 7, 8 and 9 together.

b. Pass 5 amperes in the current circuit in terminal 18 out terminal 19 increase the current to 30 amperes in convenient steps.

c. Relay contacts should stay open. If contacts close turn core further 90 degrees and repeat all
parts of Section 14.2, CORE ADJUSTMENT (page 18).
5. Connect for normal three phase testing. Aph Voltage on 7, Bph Voltage on 8 & Cph voltage on 9 and no return, (delta connection). Aph Current in on 13 & out on 19, Bph Current in on 15 & out on 19 and Cph Current in on 17 & out on 19.

Current Circuit Jumpers; Jumper 12 to 19, Jumper 14 to 16 to 18.

6. Calculate a 3ph voltage that will close the mho unit contact with the in-service tap values of impedance and 3ph current between 5 & 10 amps and maintains the 3ph voltage above 30 volts.

I.e. From the T, S & M taps on the 3ph unit, Z=12 ohms and you want to pickup at 5 amps and the MTA is the same as the nameplate of 75 deg, I lagging E. Therefore the 3ph voltage applied would need to be 12 ohms X 5 amps = 60 volts. Delta connection, therefore the phase to neutral voltage that you want to control your test set with is 60 volts. Ph – Ph voltage = 104 volts.
3ph mho unit Z pickup = E L-L / (I*sqrt of 3), or 104 volts / (5*sqrt of 3), or 12 ohms.

7. Apply this 3ph voltage and with balanced 3ph currents lagging the 3ph voltage respectively by the MTA, ramp the current up until the 3ph moving contact moves towards the stationary contact. This is reach at MTA. Record this value.
8. Calculate the amount of current it will take to close the 3ph mho unit contact at 25 deg off of the MTA using the same 3ph voltage as determined in step 6 above. Note; never test MTA any further out than 30 deg off of the MTA.
I.e. I pickup @ 25 deg off of MTA = 60 volts / (12 ohms * cos 25 deg), or 60/10.9, or 5.5 amps. 
9. Apply 60 volts ph-neut and 5.5 amps and swing the angle away that I lags E from the MTA so that the 3ph contact opens and than swing it back towards the MTA to where the contact just moves to the close position. Write this angle down.
Repeat this, only this time swing the angle the other way from the MTA. Add these two angles and divide by 2 and this is your actual MTA.

10. Adjust P3 for fine adjustment of MTA or R3 for coarse adjustment of MTA until MTA is within + or – 2 deg off of desired MTA. In this case, 73 to 77 deg.

11. Re-do step 7 above and adjust P3A for fine adjustment or R3F for coarse adjustment to where the reach at the MTA is + or – 3% of calculated. In this case, 11.65 to 12.35 ohms.

12. Go back and forth between steps 10 and 11 above until MTA and Reach at MTA falls within specifications. Re-check 14.2 thru 14.4 as assurance of correct calibration now that the MTA and reach adjustments have been made. If not, one more time through this 3phase mho unit calibration will get everything right.
13. If you cannot obtain both steps 11 and 12 by going back and forth between them, it is probably time to change out C3C and C3A and start over.

CALIBRATION CONTINUED, Phase to Phase Mho Unit Now

14. Phase-Phase Core Adjustment: Turn to page 21 in the I.L. & do parts 15.0 “f”. Never Exceed Nameplate PH-PH Voltage. 120 Vac for description.

f. Connect terminals 7 and 8 together and apply rated ac voltage between terminals 8-9. Adjust

core until contact arm floats in the middle of the gap. Use a screwdriver with insulated blade to

avoid accidental contact with tap plate inserts. If contact arm does not float in the gap then rotate the core 90 degrees and readjust.
Note this step for the phase-phase core adjustment is the same step as 14.2 “b” in the three phase core adjustment. So I check both mho units when I do 14.2 “b”.

15. Connect for normal three phase testing. Aph Voltage on 7, Bph Voltage on 8 & Cph voltage on 9 and no return, (delta connection). Aph Current in on 13 & out on 19, Bph Current in on 15 & out on 19 and Cph Current in on 17 & out on 19.

Current Circuit Jumpers; Jumper 12 to 19, Jumper 14 to 16 to 18.

16. Calculate a ph-ph voltage that will close the mho unit contact with the in-service tap values of impedance and ph-neut current between 5 & 10 amps and maintains the ph-ph voltage above 15 volts.
I.e. From the T, S & M taps on the ph-ph unit, Z=10 ohms and you want to pickup at 5 amps ph-neut current and the MTA is the same as the nameplate of 75 deg, I lagging E. Therefore the ph-ph voltage applied would need to be 10 ohms X 5 amps X 2 = 100 volts. Delta connection, therefore the phase to neutral voltage that you want to control your test set with is 100 volts / sqrt of 3, or 57.7 volts. Ph – Ph voltage = 100 volts.

ph-ph mho unit Z pickup = E L-L / (I*2), or 100 volts / (5*2), or 10 ohms.

17. Aph-Bph Fault for description to follow: Instead of applying normal 3 phase voltage phasors, lag the voltage 30 deg from normal. Normal is 0 deg Aph, 120 deg lag Bph, 240 deg lag Cph with quadrant 1 the lower right & quadrant 4 the upper right. 

I.e. Apply 57.7 volts @ 30 deg lag for Aph, 57.7 volts @ 150 deg lag for Bph and 69.3 volts @ 270 deg lag Cph. Aph current @ 75 deg lag and Bph current @ 75 deg lag + 180 deg, or 255deg.

Cph current is not needed and therefore on but at zero amps to prevent test set errors.
18. Apply the voltage as described in step 17. Ramp the Aph and Bph current up equally at the angles described in step 17 until the ph-ph moving contact moves towards the stationary contact. This is Aph-Bph reach at MTA. Either rotate leads correctly or calculate correct current angles & voltages to make identical test happen for Bph-Cph reach at MTA and Cph-Aph reach at MTA. Record all values.

19. Calculate the amount of current it will take to close the ph-ph mho unit contact at 25 deg off of the MTA using the same voltages as determined in step 17 above. Note; never test MTA any further out than 30 deg off of the MTA.

I.e. I pu @ 25 deg off MTA = 100 volts / (10 ohms * cos 25 deg * 2), or 100/18.1, or 5.5 amps. 

20. Apply the voltage as described in step 17. Apply 5.5 amps, Aph @ 75 deg lag , Bph @ 255 deg lag and swing the angles equally away that I lags E from the MTA so that the ph-ph contact opens and than swing it back towards the MTA to where the contact just moves to the close position. Write this angle down.

Phase to Phase Mho Unit Calibration Cont’d
20 Cont’d. Repeat this, only this time swing the angle the other way from the MTA. Add these two angles and divide by 2 and this is your actual Aph-Bph MTA. 

Either rotate leads correctly or calculate correct current angles & voltages to make identical test happen for Bph-Cph MTA and Cph-Aph MTA. Record all values.
21. Adjust P2A for fine adjustment of Aph-Bph MTA or R2A for coarse adjustment of Aph-Bph MTA until MTA is within + or – 2 deg off of desired MTA. In this case, 73 to 77 deg. Adjust P2C for fine adjustment of Cph-Aph MTA or R2C for coarse adjustment of Cph-Aph MTA until MTA is within + or – 2 deg off of desired MTA. In this case, 73 to 77 deg. Keep the Aph-Bph MTA within 2 deg of Cph-Aph MTA.
22. Re-do step 18 above and adjust XLac to balance the Aph-Bph reach to equal the Cph-Aph reach. 
23. Go back and forth between steps 20/21 and 22 above until MTA and Reach at MTA falls within specifications. Re-check 15.0 “f” as assurance of correct calibration now that the MTA and reach adjustments have been made. If not, one more time through this phase-phase mho unit calibration will get everything right.

24. If you cannot obtain both steps 11 and 12 by going back and forth between them, it is probably time to change out CA and CC and start over.

25. Restore the mho units spiral spring and contact gaps to normal. Than run your normal maintenance tests on a warm relay and fine tune MTA and reach at MTA via pots P3, P3A, P2A & P2C and adjustable reactor XLac.

NOTE: This procedure completely calibrates the mho units. It is fast if you have linear ramp automated routines that calculate correct values and phasors for the AC quantities and you use a pushbutton hand switch to simulate contact closure.
NOTE: If you can adjust MTA for correct values prior to starting this complete calibration procedure it simplifies and speeds up the complete calibration procedure. That is, it is a lot less going back and forth between tests and adjustments. All adjustments effect the others, the MTA adjustment effects Reach adjustment a lot more than the Reach adjustment effects the MTA adjustment.

NOTE: Written to use modern three phase test equipment and three phase testing procedures. Written to use values and suggestions for manual testing methods. If you cannot obtain good voltages and calibration current using the in-service taps: 

Than calibrate at 4 ohms, (T, S&M taps) for the short reach KD-10.  

Than calibrate at 5 ohms, (T, S&M taps) for the medium reach KD-10.

Than calibrate at 6.67 ohms, (T, S&M taps) for the long reach KD-10.
One second current rating is 240 amps, Short reach relay 3ph MTA is 60 deg.
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