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1 SCOPE 

This specification recommends functional and electrical tests for major electrical equipment and cable. 

2 CODES AND STANDARDS 

The following are some typical reference standards that may provide field testing guidance.

American National Standards Institute (ANSI)
Insulated Cable Engineers Association (ICEA)
Institute of Electrical & Electronic Engineers (IEEE)
National Electrical Manufacturers Association (NEMA)
International Electrical Testing Association (NETA)

3 TEST INSTRUMENTS 

3.1 Test Instrument Traceability 
3.1.1 Test instrument calibration is traceable to the National Institute of Standards and Technology in an unbroken chain. 

3.1.2 The test instruments shall be calibrated in accordance with the following schedule: 

a. Field instruments - 6 months maximum since last calibration 

b. Laboratory instruments - 12 months maximum since last calibration 

c. Leased specialty equipment - 12 months maximum since last calibration (when guaranteed by lessor; i.e., Doble Engineering) 

3.1.3 Dated calibration labels are affixed to test instruments; however,  a copy of a letter of certification shall suffice. 

3.2 Safety and Precautions 
3.2.1 Safe testing must comply with the Operating Company's safety rules and applicable NFPA 70E sections.
3.2.2 Equipment should be tested in the de-energized state.
3.2.3 When applicable safety barriers and warning signs are utilized. 

3.4 Test Notification and Test Forms
3.4.1 The Customer is notified prior to testing 

3.4.2 Prior to testing, the work scope and testing details are agreed upon with the Customer. 

3.4.3 Completed test forms are provided. 

3.4.4 Typically, equipment energization is performed by the Customer.
3.4.5 The Testing Contractor shall maintain the master copy of all test data sheets in a ring binder subdivided by tab sheets for each equipment number, and shall make this binder available to Customer at any time for inspection. 

3.4.6 Witnessing of all tests by The customer shall be at their discretion.  All 5 kV and 15 kV cable high potential tests shall be witnessed by a Customer, without exception. 

3.4.7 Upon failure of any material, equipment, or system to pass a test, notify the Customer as soon as practical.
3.4.8 Powell standard test data sheets are used. 

3.4.9 This document refers to the “kV+1 Megohm Rule” for an insulation resistance test. This is at minimum acceptable insulation resistance magnitude and is calculated by 1 megohm per 1000 volts of voltage rating plus 1 megohm. As an example, the minimum acceptable insulation resistance of 4.16kV is 5.16 mehohms (4.16 + 1 = 5.16).
4 15 kV AND 5 kV SWITCHGEAR/15 kV and 5 kV SWITCH ASSEMBLY/5 kV MOTOR CONTROL CENTER ASSEMBLY 

4.1 Visual and Mechanical Inspection 

4.1.1 Inspect for physical damage.  Notify the Customer of any missing or damaged components. 

4.1.2 Compare equipment nameplate data with the latest Customer’s one line diagram and report discrepancies. 

4.1.3 Inspect for proper alignment, anchorage and grounding. 

4.1.4 Inspect doors, panels and sections for dents, scratches, fit and missing hardware or devices. 

4.1.5 Inspect bus insulation and insulators for contamination, cracks, chips or any damage that would impair the insulation characteristics. 

4.1.6 Check shutter operation, cell switches, and grounding mechanisms for proper operation. Check the cell fit and alignment.  Check the racking mechanism. 

4.1.7 Inspect CT and PT installations. 

4.1.8 Check the breaker cell alignment. Check alignment and penetration of the breaker primary contacts with the bus connection. Perform mechanical operator and contact alignment tests on both the circuit breaker and its operating mechanism. When applicable, verify that filters are in place and/or vents are not obstructed.  Check breakers for interchangeability. 

Verify the shipping split bus connections are installed properly and the manufacturer's bolt torquing recommendations are followed.  Verify proper installation of the insulating boots.  Perform contact resistance tests using a ductor or low-resistance bridge. 

4.1.9 Check control fuses, wiring, terminal strip identification with the manufacturers drawings and one line drawings.  Disconnect all temporary wiring jumpers. 

4.1.10 When 15 kV or 5 kV switches are provided, the following additional are preformed. 

a Confirm switch operating linkages achieve full open and full close positions.

b Inspect and adjust the auxiliary switches on the load break switches to obtain full open and full closed indications. 

c Verify correct blade alignment, blade penetration, travel stops and mechanical operation. 

d Compare switch blade clearances with the manufacturers instructions. 

e When applicable verify fuse sizes and types are according to the manufacturers drawings. 

f When applicable, verify expulsion-limiting devices are installed on holders with expulsion-type elements. 

g When applicable, verify that each fuse holder has adequate mechanical support. 

h Test interlocking systems for correct operation and sequence.

i If required, verify filters are installed and/or vents are not obstructed. 

4.2 Bus Insulation Resistance Tests 

Measure the insulation resistance of the bus phase-to-phase and phase-to-ground for 1 minute at 2500 VDC. Acceptable insulation resistance values are according to Table IV. 

a If surge arresters and capacitors are connected to the bus, disconnect before testing. 

b Values of insulation resistance should not be less than the manufacturer's minimum or the "kV+1 Megohm Rule". 

TABLE IV 
	SWITCHGEAR AND CB INSULATION RESISTANCE TEST 

	EQUIPMENT VOLTAGE 
	TEST VOLTAGE 
	MINIMUM MEGOHMS 

	601 - 5000 V 
	2500 VDC 
	1000 

	5001 - 15000 V 
	2500 VDC 
	5000 


4.3 Bus Overpotential Test 

4.3.1 Perform an overpotential test on each bus section phase-to-phase and phase-to-ground.  The potential is applied for 1 minute or per the manufacturer's recommendation.  Table V indicates the voltage values for the overpotential test. 

4.3.2 Do not use high-potential test sets incorporating half-wave rectification because peak voltages may exceed the breaker maximum rating and x-ray radiation is produced by this equipment. 

4.3.3 The test results are evaluated on a go-no-go basis. Slowly increase the test voltage to the required value and applying the final test voltage for 1 minute. 
TABLE V
	OVERPOTENTIAL TEST VOLTAGES FOR MV SWITCHGEAR AND VCB'S 

	EQUIPMENT RATED kV 
	TEST VOLTAGE kV 

	
	AC 
	DC 

	4.8 
	11.4 
	16.1 

	14.4 
	20.4 
	28.8 


4.4 Current Transformer Tests 

On all current transformers (CT's), including ground sensors, perform the following using the one line drawings. 

a Remove shorting screws and place in the holder.
b Inspect for physical damage and compliance with design drawings.  Report discrepancies or damaged/missing components to the Customer.
c Perform AC Saturation, Polarity and Ratio Tests. 

d Perform a 500 VDC insulation resistance test on the CT and the secondary control circuit. Do not perform this test on circuits with solid-state or microprocessor relays.

e Verify there is only 1 ground on the relay current circuit.

f Verify each CT current circuit by injecting 1 amp current from the CT secondary and check for this current at applicable devices while observing proper polarity.
g Measure total CT burden by injecting 5 amps into each CT secondary current circuit through relays, cable and meters.

h To prevent nuisance tripping on feeder energization, confirm correct installation of phase conductors, ground conductors and shield conductors associated with core-balance (zero-sequence) CT applications. 

4.5 Potential Transformers and Control Power Transformers Test 

4.5.1 Inspect for physical damage and compliance with the design drawings.  Report discrepancies or damaged/missing components to the Customer. 

4.5.2 Check mechanical clearances and proper operation of PT disconnecting and grounding devices. Use an ohmmeter to ensure good connection continuity. 

4.5.3 Verify proper operation of grounding or shorting devices. 

4.5.4 Winding insulation resistance is measured from primary-to-ground, secondary-to-ground, and primary-to-secondary.  Refer to Table IV for test values.  Disconnect solid-state  and microprocessor devices before performing this test. 

4.5.5 Perform a polarity test to verify HI-XI polarity marks. 

4.5.6 Determine the turns ratio by the potential method. 

4.5.7 Verify connection of secondary PT and CPT leads by applying 120 volts to the leads and checking for the voltage at applicable devices. 

4.5.8 Check PT burden to confirm the load is less than the VA rating of the PT. 

4.5.9 Verify primary and secondary fuse ratings (or circuit breaker ratings) match the manufacturer's drawings.  On double-ended switchgear, perform a phasing check to ensure correct bus phasing from each source. 

4.6 Surge Arrester Test 

When provided, an insulation resistance test shall be performed on surge arresters.  The test voltage is 2500 VDC.  Typical minimum results are 5000 megohms for 15 kV switchgear, 2000 megohms for 8 kV switchgear and 1000 megohms for 5 kV switchgear.  The “kV+1 Megohm Rule” described throughout this document provides a guideline for the minimum acceptable insulation resistance value. 

4.7 Meter Calibration 

Calibrate the metering equipment shown on the one line diagram, i.e., voltmeter, ammeter, power factor meter, kWh demand meter, etc., in accordance with the manufacturer's instructions. 

4.8 Transducer Calibration 

When provided, calibrate single-phase watt transducers and current transducers for a 4-20 mA output. 

4.9 DC Bus Test 

Prior to connecting 125 VDC from the station batteries to the DC bus, an insulation resistance test is performed on the circuit with a 500 VDC megger. 

4.10 Functional Test 

4.10.1 The functional test of electrical circuits is performed with the circuits as close as possible to the normal operational mode. During functional tests, minimize the number of circuit breaker operations.
Example:  If a vacuum circuit breaker (VCB) is tripped by an 86 device, only one trip of the VCB is required. After initial trip of the circuit breaker by the 86 device, only the 86 device is required to operate. 

4.10.2 The functional test should include alarms, lock-outs, field contacts, space heater circuits, and controls, etc. When the functional test is complete, the control circuit should be ready for service.  Inspect indicating and control devices for correct operation. 

4.11 Protective Relays 

4.11.1 Relays are inspected for physical damage and compliance with the Customer’s one line diagram.  If blocking restraints are used, remove before making the electrical tests. 

4.11.2 When applicable, perform the following checks and inspection.  Inspect the cover gasket and cover glass.  Check for the presence of foreign material, corrosion, and moisture.  Check the condition of the spiral spring, disc clearance, and contacts.  Inspect shorting hardware, connection paddles and/or knife switches. 

4.11.3 When applicable, check mechanical freedom of movement, proper travel and alignment, and tightness of mounting hardware and tap screws. Verify target reset . 

4.11.4 When applicable, inspect targets. Verify pickup and dropout operation of targets. When applicable, verify operation of light-emitting diodes.  When applicable, set the liquid-crystal displays contrast.
4.11.5 Report any damaged or missing components to the Customer. 

4.11.6 Each adjustable relay shall be set, calibrated, and tested with a relay test set. Settings, calibration points and check points conform to the Relay Setting Sheets. 
4.11.7 Using the Relay Setting Sheets provided by the Customer, calibrate the relays in accordance with the manufacturer's instructions. 

4.11.8 Timing tests are performed at three points on the timing curve.  Overcurrent relay points are 300%, 500%, and 700% of pickup. 
4.11.9 The tests performed for each multi-function relay are agreed upon with the Customer. 
4.12 "Phasing" Tie Circuit Breakers 

After energizing switchgear, but before closing tie circuit breakers (where provided), "phase out" across tie circuit breakers using "hot sticks". 

5 15 kV AND 5 kV SWITCHGEAR VACUUM CIRCUIT BREAKERS/ 5kV MOTOR CONTROL CENTER VACUUM CONTACTORS.
5.1 Visual and Mechanical Inspection 

5.1.1 Inspect for physical damage and notify the Customer of missing or damaged components. 

5.1.2 Check for cracks in insulators and vacuum bottles. 

5.1.3 Using the manufacturer's instructions, perform mechanical inspection and record findings on appropriate test form.  If adjustment is required, use the manufacturer's instructions. 

5.1.4 With the breaker outside the breaker cell, open and close the breaker manually. 

5.2 Contact Resistance Test 

With the breaker contacts in the closed position, measure the contact resistance of each breaker pole, using a ductor test set or a low resistance bridge, measure the contact resistance of each breaker pole.  Compare the test results with the manufacturer's values. 

5.3 DC Overpotential Test 

With poles open, conduct a DC overpotential test including Vacuum Bottle Integrity test between each phase and ground for a 1 minute duration.  The test voltage shall be in accordance with the manufacturer's recommendations.  The circuit breaker will be inside a suitable test barrier, equipped with warning lights.  Do not use high-potential test sets incorporating half-wave rectification because of peak voltages that may exceed the breaker maximum rating and x-ray radiation is produced by this equipment. 

5.4 Contact Timing Opening and Closing Test 

Measure the circuit breaker closing and opening times.  The manufacturer's instructions should contain the normal operational ranges. 

5.5 Minimum Trip and Close Tests 

Perform minimum pickup voltage tests on trip and close coils.  Record voltage and current at which the coils pick up.  Verify trip, close, trip-free, and anti-pump functions. 

5.6 Remote Test Station Operation 

Remove the breaker(s) from the breaker cell(s) and connect them to the remote test station, when provided. Electrically open and close the breaker(s). 

5.7 Insulation Resistance Test 

5.7.1 Measure the insulation resistance between poles, phase-to-phase and phase-to-ground for 1 minute at 2500 VDC.  Acceptable insulation resistance values should be in accordance with Table VI. 

5.7.2 Values of insulation resistance should not be less than the manufacturer's minimum or the "kV+1 Megohm Rule". 

TABLE VI 
	SWITCHGEAR AND CB INSULATION RESISTANCE TEST 

	EQUIPMENT VOLTAGE 
	TEST VOLTAGE 
	MINIMUM MEGOHMS 

	601 - 5000 V 
	2500 VDC 
	1000 

	5001 - 15000 V 
	2500 VDC 
	5000 


6 15kV BUS DUCT / 5Kv BUS DUCT / 600V BUS DUCT
6.1 Visual and Mechanical Inspection 
6.1.1 Inspect for physical damage.  Notify the Customer of missing or damaged components. 

6.1.2 Compare equipment nameplate data with the latest one line diagram and report discrepancies. Confirm physical orientation with manufacturer’s labels to ensure a correct installation. 

6.1.3 Inspect for proper bracing, alignment, anchorage and grounding. 
6.1.4 If applicable, examine outdoor bus duct for removal of “weep-hole” plugs. 
6.1.5 Examine the enclosure joint shields for correct installation. 
6.1.6 Inspect enclosures for dents, scratches, fit and missing hardware or devices. 
6.1.7 Inspect bus insulation and insulators for contamination, cracks, chips or any damage that would impair the insulation characteristics. 
6.1.8 Verify the shipping split bus connections are installed properly and manufacturer’s bolt torquing recommendations are followed.  Verify proper installation of the insulating boots.  Perform contact resistance tests using a ductor or low-resistance bridge. 
6.1.9 Confirm space heater wiring.  Before energizing, perform an insulation resistance test of the circuit with a 500 VDC megger.  Use the “kV+1 Megohm Rule” as a minimum acceptable guideline for the insulation resistance test.  Verify correct operation of the space heater thermostat.  Record the ampere reading of the energized space heater circuit. 

6.2 Bus Duct Insulation Resistance Tests 

Measure the insulation resistance of the bus phase-to-phase and phase-to-ground for 1 minute at the voltage of Table XII.  Acceptable insulation resistance values should be in accordance with Table XII. 

a If surge arresters and capacitors are connected to the bus, disconnect before testing. 

b Values of insulation resistance should not be less than the manufacturer's minimum or the "kV+1 Megohm Rule". 
TABLE XII 
	15 kV/5 kV/600 V BUS DUCT INSULATION RESISTANCE TEST 

	EQUIPMENT VOLTAGE 
	TEST VOLTAGE 
	MINIMUM MEGOHMS 

	600 V 
	1000 VDC 
	100 

	601 - 5000 V 
	2500 VDC 
	1000 

	5001 - 15000 V 
	2500 VDC 
	5000 


6.3 Bus Duct Overpotential Test 
6.3.1 Perform an overpotential test on each bus duct, phase-to-phase and phase-to-ground.  The potential is applied for 1 minute or per the manufacturer's recommendation.  Table XIII indicates the voltage values for the overpotential test.  Do not use high-potential test sets incorporating half-wave rectification because peak voltages may exceed the maximum breaker rating and x-ray radiation is produced by this equipment. 
6.3.2 The test results are evaluated on a go-no-go basis by slowly raising the test voltage to the required value and applying the final test voltage for 1 minute. 

TABLE XIII 
	OVERPOTENTIAL TEST VOLTAGES FOR 15 kV/5 kV/600 V BUS DUCT 

	EQUIPMENT RATED kV 
	TEST VOLTAGE kV 

	
	AC 
	DC 

	1.2 
	6.0 
	8.5 

	4.8 
	11.4 
	16.1 

	14.4 
	20.4 
	28.8 


7 15 kV AND 5 kV ENCLOSED CAPACITOR BANK ASSEMBLY 
7.1 Visual and Mechanical Inspection 
7.1.1 Inspect for physical damage.  Notify the Customer of missing or damaged components. 

7.1.2 Compare equipment nameplate data with the latest one line diagram and report discrepancies. 

7.1.3 Inspect for proper alignment, anchorage and grounding.  Inspect capacitors for correct mounting and required clearances. 

7.1.4 Insect doors, panels and sections for dents, scratches, fit and missing hardware or devices. 

7.1.5 Inspect bus insulation and insulators for contamination, cracks, chips or any damage that would impair the insulation characteristics. 

7.1.6 Check grounding mechanisms and ground switch for proper operation in accordance with the manufacturer's instruction books.   

7.1.7 Inspect PT installations per manufacturer instructions and one line drawings. 

7.1.8 Verify capacitors are electrically connected in the specified configuration. 

7.1.9 Verify the shipping split bus connections are installed properly and manufacturer's bolt torquing recommendations are followed.  Verify proper installation of the insulating boots.  Perform contact resistance tests using a ductor or low-resistance bridge. 

7.1.10 Check control fuses, wiring, and terminal strip identification with the manufacturers drawings and one line drawings. Disconnect temporary wiring jumpers. 

7.1.11 When 15 kV or 5 kV switches are provided, the following additional items are preformed.
a Confirm switch operating linkages achieve full open and full closed positions.

b Inspect and adjust the auxiliary switches on the load break or grounding switches to obtain full open and full closed indications. 
c Verify correct blade alignment, blade penetration, travel stops and mechanical operation. 
d Compare switch blade clearances with the manufacturers instructions. 
e When applicable, verify fuse sizes and types are according to the manufacturers drawings. 
f When applicable, verify expulsion-limiting devices are installed on all holders with expulsion-type elements. 
g When applicable, verify that each fuse holder has adequate mechanical support. 
h Test interlocking systems for correct operation and sequencing. 
i If required, verify filters are installed and/or vents are not obstructed. 

7.2 Insulation Resistance Tests 
7.2.1 Measure the separate insulation resistance of the capacitor, reactor, switch, and PT phase-to-phase and phase-to-ground for 1 minute at 2500 VDC.  Acceptable insulation resistance values should be in accordance with Table XIV. 

7.2.2 Values of insulation resistance should not be less than the manufacturer's minimum or the "kV+1 Megohm Rule". 
TABLE XIV 
	
	INSULATION RESISTANCE TEST 

	EQUIPMENT VOLTAGE 
	
	TEST VOLTAGE 
	MINIMUM MEGOHMS 

	5000 V 
	
	2500 VDC 
	1000 

	8000 V 
	
	2500 VDC 
	2000 

	15000 V 
	
	2500 VDC 
	5000 


7.3 Other Electrical Tests 
7.3.1 Measure the capacitance of all terminal combinations. 

7.3.2 Measure the resistance of internal discharge resistors. 

7.3.3 Measure the inductance of inrush reactors. 

7.3.4 Test each capacitor to confirm the discharge resistor reduces the voltage to 50 volts or less within 5 minutes.  Begin test at rated capacitor voltage. 

7.4 Potential Transformers Test 
7.4.1 Inspect for physical damage and compliance with the design drawings.  Report discrepancies or damaged/missing components to the Customer. 

7.4.2 Check mechanical clearances, and proper operation of PT disconnecting and grounding devices.   Use an ohmmeter to ensure good connection continuity. 

7.4.3 Verify proper operation of grounding or shorting devices. 

7.4.4 Winding insulation resistance is measured from primary-to-ground, secondary-to-ground, and primary-to-secondary.  Refer to Table XIV for test values.  Disconnect solid-state and microprocessor devices before performing this test. 

7.4.5 Perform a polarity test to verify HI-XI polarity marks. 

7.4.6 Determine the turns ratio by the potential method. 

7.4.7 When provided, verify connection of secondary PT leads by applying 120 volts to the leads and checking for the voltage at applicable devices. 

7.4.8 Check PT burden to confirm the load is less than the VA rating of the PT. 

7.5 Functional Test 
7.5.1 The functional test of electrical circuits is performed with the circuits as close as possible to the normal operational mode.  During functional tests, minimize the number of circuit breaker operations.
7.5.2 The functional test should include alarms, interlocks, lock-outs, field contacts, space heater circuits, and controls, etc. When the functional test is complete, the control circuit should be ready for service.  Inspect indicating and control devices for correct operation. 

8 480 V SWITCHGEAR ASSEMBLY 

8.1 Visual and Mechanical Inspection 

8.1.1 Inspect for physical damage.  Notify the Customer of missing or damaged components. 

8.1.2 Compare equipment nameplate date with the latest one line diagram and report discrepancies. 

8.1.3 Inspect for proper alignment, anchorage and grounding. 

8.1.4 Inspect doors, panels and sections for dents, scratches, fit and missing hardware or devices. 

8.1.5 Inspect bus insulation and insulators for contamination, cracks, chips or damage that would impair the insulation characteristics. 

8.1.6 Shutter operation, cell switches, and grounding mechanisms for proper operation Check the cell fit and alignment.  Check the racking mechanism. 

8.1.7 Inspect CT and PT installations per manufacturer's instructions and one line drawings. 

8.1.8 Check the breaker cell alignment. Check the alignment and penetration of the breaker primary contacts with the bus connection.  Perform mechanical operator and contact alignment tests on both the circuit breaker and its operating mechanism.  When applicable, verify that filters are in place and/or vents are not obstructed. Check breakers for interchangeability. 

8.1.9 Verify the shipping split bus connections are installed properly and the manufacturer's bolt torquing recommendations are followed.  Verify proper installation of insulation boots.  Perform contact resistance tests using a ductor or low-resistance bridge. 

8.1.10 Check fuses, wiring, terminal strip identification with the manufacturer's drawings and one line drawings.  Disconnect temporary wiring jumpers. 

8.2 Bus Insulation Resistance Tests 

8.2.1 Measure the insulation resistance of the bus phase-to-phase and phase-to-ground for 1 minute at 500 VDC. Acceptable insulation resistance values should be in accordance with Table VII. 
TABLE VII
	LV SWITCHGEAR INSULATION RESISTANCE TEST 

	EQUIPMENT VOLTAGE 
	TEST VOLTAGE 
	MINIMUM MEGOHMS 

	251 - 600 V 
	500 VDC 
	1 000 


8.2.2 Insulation resistance values should not be less than the manufacturer's minimum or the "kV+1 Megohm Rule". 

8.3 Bus Overpotential Test 

8.3.1 Perform an overpotential test on each bus section phase-to-phase and phase-to-ground.  The potential is applied for 1 minute or per the manufacturer's recommendations.  Table VIII indicates the voltage values for the overpotential test.  Do not use high-potential test sets incorporating half-wave rectification because peak voltages may exceed the maximum breaker rating and x-ray radiation is produced by this equipment. 

8.3.2 Test results are evaluated on a go-no-go basis by slowly raising the test voltage to the required value and applying the final test voltage for 1 minute. 

TABLE VIII 
	OVERPOTENTIAL TEST VOLTAGES FOR LV SWITCHGEAR AND ACB'S 

	EQUIPMENT RATED VOLTAGE 
	TEST VOLTAGE 

	
	AC
	DC 

	1200 
	6000 
	8500 


8.4 Current Transformer Test 

On current transformers (CT's), including ground sensors, perform the following. 

a Remove shorting screws and place in the holder. 
b Prior to testing, inspect for physical damage and compliance with design drawings.  Report discrepancies or damaged/missing components to the Customer. 
c Perform AC Saturation, Polarity and Ratio Tests. 
d Perform a 500 VDC insulation resistance test shall be performed on the CT and the secondary control circuit. Do not perform this test on circuits with solid-state relays. 
e Verify there is only 1 ground on the relay current circuit. 
f Verify each CT current circuit by injecting 1 amp current from the CT secondary and check for this current at applicable devices while observing proper polarity. 
g Measure total CT burden by injecting 5 amps into each CT secondary current circuit through relays, cable and meters. 
h To prevent nuisance tripping on feeder energization, confirm correct installation of phase conductors, ground conductors and shield conductors associated with core-balance (zero-sequence) CT applications. 

8.5 Potential Instrument Transformers and Control Power Transformers Test 

8.5.1 Inspect for physical damage and compliance with the design drawings.  Report discrepancies or damaged/missing components to the Customer. 

8.5.2 Check mechanical clearances and proper operations of PT disconnecting and grounding devices.  Use an ohmmeter to ensure good connection continuity. 

8.5.3 Verify proper operation of grounding or shorting devices. 

8.5.4 Winding insulation resistance is measured from primary-to-ground, secondary-to-ground, and primary-to-secondary.  Refer to Table IV for test values.  Disconnect solid-state and microprocessor devices before performing this test. 

8.5.5 Perform a polarity test to verify HI-XI polarity marks. 

8.5.6 Determine the turns ratio by the potential method. 

8.5.7 Verify connection of secondary PT and CPT leads by applying 120 volts to the leads and checking for the voltage at applicable devices. 

8.5.8 Check PT burden to confirm the load is less than the VA rating of the PT. 

8.5.9 Verify that primary and secondary fuse ratings (or circuit breaker ratings) match the manufacturer's drawings.  On double-ended switchgear, perform a phasing check to ensure correct bus phasing from each source. 

8.6 Meter Calibration 

Calibrate the metering equipment shown on the one line diagram, i.e., voltmeter, ammeters, power factor meter, kWh demand meter, etc., in accordance with the manufacturer's instructions. 

8.7 Transducer Calibration 

When provided, calibrate single-phase watt transducers and current transducers for a 4-20 mA output. 
8.8 Functional Test 
8.8.1 The functional test of electrical circuits performed with the circuits as close as possible to the normal operational mode.  During functional tests minimize the number of circuit breaker operations. 
8.8.2 The functional test should include alarms, lock-outs, field contacts, space heater circuits, and controls, etc. When the functional test is complete, the control circuit should be ready for service.  Inspect all indicating and control devices for correct operation. 

8.9 Solid-State Protective Devices 
8.9.1 Solid-state trip units are inspected for physical damage and compliance with the one line diagram.  Report damaged or missing components to the Customer. 

8.9.2 Using the Relay Setting Sheets provided by the Customer, calibrate the solid-state trip units in accordance with the manufacturer's instruction bulletin. When a field test kit is provided, perform secondary current injection tests. 

9 480 V MOTOR CONTROL CENTER ASSEMBLY 

9.1. Visual and Mechanical Inspection 

9.1.1 Inspect for physical damage.  Notify the Customer of missing or damaged components. 

9.1.2 Compare equipment nameplate data with the latest one line diagram and report discrepancies. 

9.1.3 Inspect for proper alignment, anchorage and grounding. 

9.1.4 Inspect doors, panels and sections for dents, scratches, fit and missing hardware or devices. 

9.1.5 Inspect bus insulation and insulators for contamination, cracks, chips or any damage that would impair insulation characteristics. 

9.1.6 If provided, inspect the CT and PT installations per manufacturer instructions and one line drawings. 

9.1.7 Verify the shipping split bus connections are installed properly and the manufacturers bolt torquing recommendations are followed.  Verify proper installation of insulation boots.  The Testing Contractor shall perform contact resistance tests using a ductor or low-resistance bridge. 

9.1.8 Check fuses, wiring, terminal strip identification with the manufacturers drawings and one line drawings. 

9.2. Bus Insulation Resistance Tests 

9.2.1 When the LV MCC is close-coupled to LV switchgear, this test should be performed in conjunction with the switchgear bus insulation resistance test. 

9.2.2 Measure the insulation resistance of the bus phase-to-phase and phase-to-ground for 1 minute at 500 VDC. Acceptable insulation resistance values should be in accordance with Table X. 
TABLE X 
	LV MCC INSULATION RESISTANCE TEST 

	EQUIPMENT VOLTAGE 
	TEST VOLTAGE 
	MINIMUM MEGOHMS 

	251 - 600 V 
	500 VDC 
	1 000 


9.2.3 Values of insulation resistance should not be less than the manufacturer's minimum or the "kV+1 Megohm Rule". 

9.3. Bus Overpotential Test 
9.3.1 When the LV MCC is close-coupled to LV switchgear, this test should be performed in conjunction with the switchgear bus insulation resistance test. 

9.3.2 Perform an overpotential test on each bus section phase-to-phase and phase-to-ground.  The potential application is for 1 minute or manufacturer's recommendations.  Table XI indicates the voltage values for the overpotential test.  Do not use high-potential test sets incorporating half-wave rectification because peak voltages that may exceed the maximum breaker rating and x-ray radiation is produced by this equipment. 

9.3.3 The test results are evaluated on a go-no-go basis by slowly raising the test voltage to the required value and applying the final test voltage for 1 minute. 

TABLE XI 
	OVERPOTENTIAL TEST VOLTAGES FOR  LV  MCC'S 

	EQUIPMENT RATED VOLTAGE 
	TEST VOLTAGE kV 

	
	AC 
	DC 

	1200 V 
	6000 
	8500 


10 CABLE -  5 kV and 15 kV 

10.1 Before terminating, an insulation resistance test is performed according to Table II for one minute.

10.2 For unshielded cable, test each conductor phase-to-ground and phase-to-phase. 
10.3 For shielded cable, test each cable from conductor to shield. 
10.4 Conductors not under test are connected to ground; this includes cable shields. 

TABLE II 
	CABLE INSULATION RESISTANCE TEST 

	CABLE VOLTAGE RATING 
	TEST VOLTAGE 
	MINIMUM MEGOHMS 

	601 - 5000 V 
	2500 VDC 
	Greater than 50 - Pass 2 - 50 Investigate 

	5001 - 15000 V 
	5000 VDC 
	Greater than 50 - Pass 2 - 50 Investigate 


10.5 After passing the insulation resistance test but before being connected to equipment, installed cable having splices, potheads, stress cones, and metallic insulation shielding completed, is checked according to the following.
a A DC high-potential test to measure leakage current.

b Metal-clad and metal-sheathed cable without insulation shielding is tested between each phase and metallic covering and also between phases.

c Cable with metallic insulation shielding is tested between each phase conductor and the metallic insulation shielding for that conductor.

d Final test voltages of Table III are used or from the latest ICEA specification for new, installed cables.
TABLE III

	CABLE DC MAXIMUM TEST VOLTAGE (80% OF FACTORY TEST VALUES) 

	RATED AC RMS VOLTAGE OF CABLE 
	CONDUCTOR SIZE AWG 
	100% INSULATION LEVEL (GROUNDEDNEUTRAL) 
	133% INSULATION LEVEL (UNDERGROUNDEDNEUTRAL) 

	5000 V 
	8 AND OVER 
	25 kV 
	25 kV 

	8000 V 
	6 AND OVER 
	35 kV 
	45 kV 

	15000 V 
	2 AND OVER 
	55 kV 
	65 kV 


10.6 Details of the DC Hi-Pot Testing 

a During increasing voltage, observe leakage current. Faulty installations cause leakage values to steadily rise after 30 seconds. 
b After application of the initial voltage, uniformly raise the voltage to the test voltage in not less that 10 seconds and not greater than 60 seconds.  After a constant stabilization time, consistent with system charging current, record the DC leakage current. 

Disconnect cable from terminating devices.  Potheads and terminators isolated by switches, etc., from other equipment should not be stressed by the test voltage. Transformer feeder cables are tested with the cable source end disconnected. 

c Immediately upon reaching the test voltage, the time and current reading are recorded on the "DC High Potential Test Form".  The duration of the test for non-shielded cable is 5 minutes; for shielded cable the duration is 15 minutes.  Record readings of leakage current at 30 seconds and 1 minute; after 1 minute record readings at 1 minute intervals. 
d After the test voltage is reached, the current reading should show a decreasing current until fairly steady current is observed near the end of the test time. If the current begins to increase instead of decreasing the cable is considered inadequate and requires correction or replacement. 
e If the test is interrupted before the required test interval is complete, the cable is grounded for an interval of time at least equal to the time test when voltage was applied. 
f After completing the test, the cable is grounded for an interval of time at least equal to the test time when voltage was applied. The cable is not considered safe until this is accomplished. 

g As a guide, the maximum acceptable leakage current should be 50 microamperes.  Generally, a leakage current of much less than 50 microamperes is expected. 
h At each voltage level, leakage current on all conductors should be approximately the same.  Any sharp reduction in the plotted resistance indicates an unacceptable cable, even if the leakage current is less than 50 microamperes. 
i Insulating boots and blankets are used to isolate cable ends from each other and from any other conducting surface. 
j Test forms showing circuit identification, date of test, and test results are prepared.  The test forms are signed by a responsible Customer witnessing the test. 

10.7 After high-potential test completion and when cables are terminated through core-balance (zero-sequence) CT's, verify that the shield and ground conductors are correctly placed and terminated.  This is necessary to prevent nuisance tripping of 50GS relays when the feeder cable is energized. 

11 POWER TRANSFORMERS (OIL FILLED)

11.1 Inspect for any physical damage, dents, scratches, fit, and missing hardware or devices.  Notify the Customer of any missing or damaged components. 

11.2 Compare the equipment nameplate data with the latest Customer’s one line diagram. 

11.3 Check the liquid level in the tank and bushings for proper level.
11.4 Check for oil leaks.  

11.5 Confirm positive nitrogen pressure on the transformer tank.  Refer to the manufacturer’s instructions for filling and pressurizing. 

11.6 Operation of the de-energized tap changer mechanism is verified through all positions. 

11.7 Perform an insulation resistance test, winding-to-winding, and winding-to-ground, with test voltages according to Table I.  The insulation resistance test is performed by grounding the ungrounded windings. 

TABLE I 
	TRANSFORMER INSULATION RESISTANCE TEST 

	VOLTAGE RATING 
	TEST VOLTAGE 
	MINIMUM MEGOHMS 

	150 - 600 V 
	1000 VDC 
	100 

	601 - 5000 V 
	2500 VDC 
	1000 

	5001 - 15000 V 
	5000 VDC 
	5000 


11.8 A turn’s ratio test is performed between windings for all positions of the de-energized load tap changer.  There shall be no more than a 0.5 percent difference between measured and calculated values. 

11.9 D.C. winding resistance tests are made at the nominal de-energized load tap changer position. 

11.10 When provided, the neutral ground resistor resistance is confirmed with the Customer’s one line diagram requirements. 

11.11 When provided standard test are performed on the neutral ground resistor current transformer, i.e., saturation, polarity and ratio. 

11.12 The CT secondary current circuit shall be tested by injecting 1 amp of current at the CT secondary. Verify the existence and polarity of this current at every device in the circuit.  Measure total CT burden at 5 amps. 

11.13 Each container of oil to be used for filling power transformers is sampled and tested for dielectric strength and polychlorinated biphenyl, PCB, content.  Only acceptable oil is used, i.e. acceptable dielectric strength and a PCB content below 2 ppm, is used. 

11.14 Oil with a PCB content above 2 ppm is replaced.  An approved procedure for reconditioning the oil and recertifying the unit is agreed, upon with the Operating Company. 
11.15 For transformers 69 kV and below, oil should meet the following requirements: 

	Dielectric strength 



	-
	
30 kV minimum 

	Acid Neutralization Number

 
	-
	
0.03 mg KOH/g maximum

	Color number



 
	-
	
1.0 maximum

	Interfacial tension 



	-
	
35 dynes/cm minimum

	Power factor % @ 25°C 


	-
	
0.15 maximum 

	Water content 




	-
	
25 ppm maximum


A separate test is performed to indicate the presence of PCB's. 

11.16 When provided, verify proper operation of the cooling fan circuits.
11.17 Disconnect the control cable from each alarm device (i.e., liquid level, liquid temperature, winding temperature, pressure relief, sudden pressure, etc.) and, with a jumper, simulate an alarm condition, and verify proper annunciation response.

11.18 When applicable, simulate an alarm condition at each device that will trip the secondary main breaker, and verify breaker trip operation.
12 INDUCTION MOTORS - 5 kV and 15 kV 
12.1 Inspect for any physical damage, missing parts and mechanical operation. 

12.2 Verify existence of motor space heaters. 

12.3 Compare the motor nameplate horsepower with the Customer’s one line diagram data. 
12.4 Measure the insulation resistance of the motor windings with all windings tied together.  The test voltage should be 2500 VDC for 5 kV motors and 5000 VDC for 15 kV motors.  If a value less than the "kV+1 Megohm Rule" is obtained, repeat the test for each winding. separately.   
12.5 Measurements may be repeated from the motor controller after the power cable is connected and the motor terminal box is closed.  

12.6 A 10 minute dielectric absorption test may be performed on the motor with all windings tied together.  Polarization index values less than 2.0 are not acceptable. 

12.7 When provided, check the continuity, and measure the resistance of winding and bearing RTD's. 

12.8 After AC power is connected to the motor space heater(s), verify proper operation through the controller, recording the ampere flow. 
12.9 When provided, insulation tests shall be performed on surge arresters mounted in the motor terminal box with a test voltage of 2500 VDC.  Typical minimum results are 2000 megohms for 15 kV motors and 1000 megohms for 5 kV motors.  The “kV+1 Megohm Rule” described throughout this document provides a guideline for the minimum acceptable insulation resistance value. 

12.10 When provided, the differential current transformers mounted in the motor terminal box are tested for saturation, polarity and ratio. 

12.11 The CT secondary current circuit is tested by injecting 1 amp of current at the CT secondary. Verify the existence and polarity of this current at every device in the circuit.  Measure total CT burden at 5 amps. 

13 SYNCHRONOUS MOTORS - 15 kV 

13.1 Inspect for any physical damage, missing parts and mechanical operation. 
13.2 Verify existence of motor space heaters. 
13.3 Compare the motor nameplate horsepower with the Customer’s one line diagram data. 
13.4 Confirm the phase sequence for the correct direction of rotation.  Confirm the power source terminal phase sequence before connecting to the motor. 
13.5 Measure the insulation resistance of the synchronous motor stator windings with all windings tied together. The megger test voltage used is 5000 VDC for 15 kV motors.  If a value less than the "kV+1 Megohm Rule" is obtained, the test is repeated for each winding separately. 
13.6 Measurements are repeated from the motor circuit breaker after the power cable terminations to the motor are completed and the motor terminal box is closed.  By doing this, both the motor and the cable are "meggered" at the same time.  DO NOT MEGGER THE BRUSHLESS EXCITER;  REFER TO MANUFACTURER’S INSTRUCTIONS. 
13.7 A 10 minute dielectric absorption test is performed on the motor with all windings tied together.  Polarization index values less than 2.0 are not acceptable. 
13.8 When provided check the continuity, and measure the resistance of all winding and bearing RTD's. 
13.9 After AC power from the switchgear motor circuit breaker 52b contacts is connected to the motor space heater(s), verify proper operation through the circuit breaker controls, recording the ampere flow. 
13.10 When provided, insulation resistance tests are performed on the surge arresters and surge capacitors mounted in the motor terminal box with a test voltage of 2500 VDC. Typical minimum reading is 2000 megohms or the “kV+1 Megohm Rule” described throughout this document. 
13.11 When provided, the differential current transformers mounted in the motor terminal box are tested for saturation, polarity and ratio. 

13.12 The CT secondary current circuit is tested by injecting 1 amp of current at the CT secondary. Verify the existence and polarity of this current at every device in the circuit.  Measure total CT burden at 5 amps.  

14 GROUNDING RESISTANCE TESTS 

14.1 The resistance to earth shall be measured at the following locations. 

14.2 At each ground provided for structure lightning protection.  The resistance measurement should not exceed 15 ohms.  If driven rod electrodes for this purpose are interconnected with other grounding, the connections should be opened for this test. 

14.3 At one point of each grounding system used to ground electrical equipment enclosures and wiring system enclosures, such as, metal conduits, cable sheaths or armor, the resistance should not exceed 15 ohms. 

At grounds for lightning arresters, the resistance should exceed 5 ohms.  These grounds are generally interconnected with enclosure grounds, and the combined ground should not exceed 5 ohms. 
15 BATTERY SYSTEMS 

15.1 The visual and mechanical inspection of different battery systems such as Lead-Antimony, Lead-Calcium, Lead-Acid or Ni-Cad should be accomplished in accordance with the manufacturer's receiving and operating instructions. 

15.2 Electrical tests including float charging, equalize charging and specific gravity checks (if required), should also be performed in accordance with the manufacturer's instruction books and manuals. 

15.3 Measure the specific gravity of the liquid in each cell, if applicable. 

15.4 Measure the temperature of the liquid in each cell. 

15.5 Measure the voltage of each cell. 

15.6 Verify operation of the battery charger alarms. 

15.7 A load discharge test should be performed to confirm that battery capability can be achieved.
15.8 A full functional test should be performed of the DC system, including battery charger, alarms, etc., to ensure proper operation as shown on drawings or manufacturer's data. 

16 UNINTERRUPTIBLE POWER SUPPLY (UPS) SYSTEM 

16.1 The UPS system should be tested in accordance with the manufacturer's instruction manuals.  Full functional tests should be performed to ensure proper operation as shown on the drawings and manufacturers data. 

16.2 For UPS battery tests refer to the Battery Systems section of this document. 

17 "Phasing" Tie Circuit Breakers and/or Transfer Switches 

480 V SWITCHGEAR AIR CIRCUIT BREAKERS 

After energizing switchgear, but before closing tie circuit breakers (where provided), "phase out" across tie circuit breakers using "hot sticks". 

17.1 Visual and Mechanical Inspection 
17.1.1 Inspect for physical damage and notify the Customer of missing or damaged components. 

17.1.2 Check for cracks in insulators. 

17.1.3 Using the manufacturer's instructions, perform mechanical inspection and record findings on appropriate test sheet.  If adjustment is required, use manufacturer's instructions. 

17.1.4 With the breaker outside the breaker cell, open and close the breaker manually. 

17.2 Contact Resistance Test 
Measure the contact resistance of each breaker pole with the breaker contacts in the closed position, use a ductor test set or a low resistance bridge to compare the test results with the manufacturer's values. 

17.3 DC Overpotential Test 
With poles open, conduct a DC overpotential test between each phase and ground for 1 minute. The test voltage is in accordance with the manufacturer's recommendation.  The circuit breaker well be inside a suitable test barrier, equipped with warning lights. 

17.4 Minimum Trip and Close Tests 
Perform minimum pickup voltage tests on trip and close coils.  Record voltage and current at which the coils pick up.  Verify trip, close, trip-free functions, and anti-pump.
17.5 Remote Test Station Operation 
Remove the breaker(s) from the breaker-cell(s) and connect to the remote test station, when provided. Electrically open and close the breaker(s). 

17.6 Insulation Resistance Test 
17.6.1 Measure the insulation resistance between poles, phase-to-phase and phase-to-ground for 1 minute at 500 VDC. Acceptable insulation resistance values should be in accordance with Table IX. 

17.6.2 Values of insulation resistance should not be less than the manufacturer's minimum or the "kV+1 Megohm Rule".

TABLE IX 
	LV SWITCHGEAR INSULATION RESISTANCE TEST 

	EQUIPMENT VOLTAGE 
	TEST VOLTAGE 
	MINIMUM MEGOHMS 

	251 - 600 V 
	500 VDC 
	1 000 


18 ESSENTIAL POWER SYSTEM 

Essential power system should have full functional tests to ensure proper operation as shown on drawings and manufacturer's data. 
19 EMERGENCY LIGHTING SYSTEM 

Perform full functional test of the emergency lighting system to ensure proper operation as shown on the drawings and manufacturers data. 

20 OTHER ELECTRICAL EQUIPMENT 600 V AND BELOW 

Other electrical equipment 600 V and below defined in this section should be tested in accordance with the requirements shown below. 

20.1 Cable – 600 V and below 
20.1.1 Perform a continuity test to ensure correct cable connection. 

20.1.2 Perform an insulation resistance test phase-to-phase and phase-to-ground with 1000 V applied potential for 1 minute.  Typically, the minimum insulation resistance will be greater than 50 megohms. 

20.1.1 Values of insulation resistance should not be less than the manufacturer’s minimum or the “kV+1 Megohm Rule. 

20.2 Induction Motors – 600 V and below 
20.2.1 Perform an insulation resistance test phase-to-phase and phase-to-ground with 1000 V applied potential for 1 minute.  Typically, the minimum insulation resistance will be 10 to 100 times the “kV+1 Megohm Rule”. 

20.2.2 Values of insulation resistance should not be less than the manufacturer’s minimum or the “kV+1 Megohm Rule”. 

20.3 Lighting and Receptacle Transformers / Panels – 600 V and below 
20.3.1 Perform an insulation resistance test phase-to-phase and phase-to-ground with 1000 V applied potential for 1 minute.  Typical minimum insulation resistance values are as follows: 

a. Dry type transformer - greater than 500 megohms 

b. Panels  251-600 V - greater than 100 megohms 

c. Panels 250 V and below - 25 megohms 

20.3.2 Values of insulation resistance should not be less than the manufacturer’s minimum or the “kV+1 Megohm Rule”. 
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