
AM-CE-P034-R1050
Rev. 1

 

Component Classification Categories
Criticality I X  69 kV high side and above

II X 34 kV high side and below
Duty Cycle Heavy Load N/A N/A

Normal Load N/A N/A
Service Condition In Service N/A N/A

Not in Service X X

Failure Codes Comments
5W 5W 1a-e, 3a-h, 4a, 4d-e
5W 5W 3a-b, 3e Applies to Transformer and LTC / Regulator
5W 5W 1e, 3a-b, 3e, 4b Applies to Transformer and LTC / Regulator

Trailer Readiness Inspection 6M 6M 11a-d
Battery Maintenance 1Y 1Y 10b
High Voltage Excitation Test 1Y 1Y 2b, 4c-d Applies to Transformer; Excludes LTC / Regulator
Oil DGA 1Y 1Y 2a, 4c-d Applies to all Transformer and LTC / Regulator oil filled compartments
Oil Quality 1Y 1Y 3a, 4a, 4c-d Applies to all Transformer and LTC / Regulator oil filled compartments

Power Factor Test
1Y 1Y 2a, 4c-f Applies to Transformer and LTC / Regulator;  Applies to Circuit Breaker with 

grading capacitors or TRV capacitors.
Winding Resistance AR AR 1f-g, 2c-d
Frequency Response Analysis AR N/A 2a, 2e

Failure Codes Comments
LTC Mechanism Inspection 3Y 3Y 12a-b Where LTC Installed
Operate / Inspect / Lubricate 3Y 3Y 6a-d, 7a-b, 8a, 9a Applies to Circuit Switcher & Switch
Contact Resistance (Ductor) Test 3Y 3Y 6b, 7a, 9a Applies to Circuit Switcher, Circuit Breaker & Switch
Travel Test 3Y 3Y 6e-j, 7c-h, 11e, 13a-f Applies to Circuit Breaker
Mechanism Lubrication / Maintenance 3Y 3Y 6k, 7i, 13g Applies to Circuit Breaker
SF6 Moisture Test 3Y 3Y 4g, 13h Applies to Circuit Breaker

Failure Codes Comments
5W 5W 1d, 5a-b

Check Bushing Oil Level 5W 5W 4e
Check / Verify Gauges and Alarms 3Y 3Y 4b, 4d, 5a-b

Applies to Transformer, LTC / Regulator, Circuit Switcher & Circuit Breaker
Inspect Bushing Potential Tap 3Y 3Y 4e Applies to Transformer and LTC / Regulator
Test Sudden Pressure Relay 3Y 3Y 10a Applies to Transformer and LTC / Regulator
LTC Continuity Test 3Y 3Y 12a-b Where LTC Installed

Revisions to this document shall be communicated in accordance with program document AM-EU-P034 to ensure alignment between 
Maintenance Templates and field work procedures.

Portable Transformers

Visual Inspection
Task Frequencies

Task Frequencies

Condition Monitoring Tasks

Time Directed Tasks

Failure Finding Tasks 
Check Cabinet Heaters

Task Frequencies

Monitor Nitrogen Pressure
Monitor Oil Level 
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Failure Codes Comments
AR AR 12a-b

This task applies to LTC and is performed based on DGA / Oil Quality results. 
AR AR 12a-b

This task applies to LTC and is performed based on DGA / Oil Quality results. 
Task is to performed along with the LTC Internal Inspection.

LTC Internal Inspection

Flush LTC Compartments and Replace With 
New Oil

Task FrequenciesCondition Directed Tasks
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FAILURE MODES FAILURE CAUSES MAINTENANCE TASKS
1. Fails to Provide Adequate Capacity 1a. Clogged / Corroded Coolers/ Radiator/ Piping Visual Inspection
1. Fails to Provide Adequate Capacity 1b. Fan / Motor Failure Visual Inspection
1. Fails to Provide Adequate Capacity 1c. Pump / Motor Failure Visual Inspection
1. Fails to Provide Adequate Capacity 1d. Cooler Control Circuit Failure Visual Inspection
1. Fails to Provide Adequate Capacity 1d. Cooler Control Circuit Failure Check Cabinet Heaters
1. Fails to Provide Adequate Capacity 1e. Loss of oil Visual Inspection
1. Fails to Provide Adequate Capacity 1e. Loss of oil Monitor Oil Level
1. Fails to Provide Adequate Capacity 1f.  High Resistance Connection Failure Winding Resistance
1. Fails to Provide Adequate Capacity 1g.  Open Connection in Winding Winding Resistance

2. Fails to Transform Voltage/ Current 2a. Winding Failure Frequency Response Analysis
2. Fails to Transform Voltage/ Current 2a. Winding Failure Power Factor Test
2. Fails to Transform Voltage/ Current 2a. Winding Failure Oil DGA
2. Fails to Transform Voltage/ Current 2b. Preventive Auto Failure Low Voltage Excitation Test
2. Fails to Transform Voltage/ Current 2c. High Resistance Connection Failure Winding Resistance
2. Fails to Transform Voltage/ Current 2d. Open Connection in Winding Winding Resistance
2. Fails to Transform Voltage/ Current 2e. Winding Looseness Frequency Response Analysis

3. Fails to Maintain Boundary Integrity 3a. Gasket Failure Visual Inspection   
3. Fails to Maintain Boundary Integrity 3a. Gasket Failure Oil Quality   
3. Fails to Maintain Boundary Integrity 3a. Gasket Failure Monitor Nitrogen Pressure
3. Fails to Maintain Boundary Integrity 3a. Gasket Failure Monitor Oil Level
3. Fails to Maintain Boundary Integrity 3b. Weld Failure Visual Inspection
3. Fails to Maintain Boundary Integrity 3b. Weld Failure Monitor Nitrogen Pressure
3. Fails to Maintain Boundary Integrity 3b. Weld Failure Monitor Oil Level
3. Fails to Maintain Boundary Integrity 3c. Main Tank Coolers, Fins, Cooler Corrosion Visual Inspection
3. Fails to Maintain Boundary Integrity 3d. Loose Mechanical Connection Visual Inspection
3. Fails to Maintain Boundary Integrity 3e. Valve Leakage Visual Inspection
3. Fails to Maintain Boundary Integrity 3e. Valve Leakage Monitor Nitrogen Pressure
3. Fails to Maintain Boundary Integrity 3e. Valve Leakage Monitor Oil Level
3. Fails to Maintain Boundary Integrity 3f. Main Tank Over Pressurization Visual Inspection
3. Fails to Maintain Boundary Integrity 3f. Main Tank Over Pressurization Monitor Nitrogen Pressure
3. Fails to Maintain Boundary Integrity 3f. Main Tank Over Pressurization Monitor Oil Level
3. Fails to Maintain Boundary Integrity 3g. Main Tank/ Tap Changer External Compartment Visual Inspection
3. Fails to Maintain Boundary Integrity 3h. Pressure Relief Failure Visual Inspection

4. Fails to Provide Adequate Electrical Insulation 4a. Insulating Oil Breakdown Oil Quality Test
4. Fails to Provide Adequate Electrical Insulation 4b. Loss of Oil Visual Inspection
4. Fails to Provide Adequate Electrical Insulation 4b. Loss of Oil Check / Verify Gauges and Alarms
4. Fails to Provide Adequate Electrical Insulation 4b. Loss of Oil Monitor Oil Level
4. Fails to Provide Adequate Electrical Insulation 4c. Solid Insulation Failure Oil DGA 
4. Fails to Provide Adequate Electrical Insulation 4c. Solid Insulation Failure Oil Quality Test
4. Fails to Provide Adequate Electrical Insulation 4c. Solid Insulation Failure Power Factor Test
4. Fails to Provide Adequate Electrical Insulation 4c. Solid Insulation Failure Low Voltage Excitation Test
4. Fails to Provide Adequate Electrical Insulation 4d. Winding Insulation Failure Visual Inspection
4. Fails to Provide Adequate Electrical Insulation 4d. Winding Insulation Failure Oil DGA 
4. Fails to Provide Adequate Electrical Insulation 4d. Winding Insulation Failure Oil Quality Test
4. Fails to Provide Adequate Electrical Insulation 4d. Winding Insulation Failure Check / Verify Gauges and Alarms
4. Fails to Provide Adequate Electrical Insulation 4d. Winding Insulation Failure Power Factor Test
4. Fails to Provide Adequate Electrical Insulation 4d. Winding Insulation Failure Low Voltage Excitation Test
4. Fails to Provide Adequate Electrical Insulation 4e. Bushing Failure Power Factor Test
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FAILURE MODES FAILURE CAUSES MAINTENANCE TASKS
4. Fails to Provide Adequate Electrical Insulation 4e. Bushing Failure Check Bushing Oil Level
4. Fails to Provide Adequate Electrical Insulation 4e. Bushing Failure Visual Inspection
4. Fails to Provide Adequate Electrical Insulation 4e. Bushing Failure Inspect Bushing Potential Tap
4. Fails to Provide Adequate Electrical Insulation 4f.  Lightning Arrester Failure Power Factor Test
4. Fails to Provide Adequate Electrical Insulation 4g. Poor SF6 Quality SF6 Moisture Test

5. Fails to Alarm 5a. Gauge / Pressure Switch Failure Check Cabinet Heaters
5. Fails to Alarm 5a. Gauge / Pressure Switch Failure Check / Verify Gauges and Alarms
5. Fails to Alarm 5b. Control Circuit Failure Check Cabinet Heaters
5. Fails to Alarm 5b. Control Circuit Failure Check / Verify Gauges and Alarms

6. Fails to Close 6a. Blade Fails to Roll-in Completely Operate/Inspect/Lubricate Switch
6. Fails to Close 6b. Corroded Hinge Pivot Point Operate/Inspect/Lubricate Switch
6. Fails to Close 6b. Corroded Hinge Pivot Point Contact Resistance (Ductor) Test - Switch
6. Fails to Close 6c. Improper Blade Alignment Operate/Inspect/Lubricate Switch
6. Fails to Close 6d. Coupling/Linkage Failure Operate/Inspect/Lubricate Switch
6. Fails to Close 6e. Close Coil Failure Travel Test 
6. Fails to Close 6f. Control Circuit Failure Travel Test 
6. Fails to Close 6g. Lack of Lubrication Travel Test 
6. Fails to Close 6h. Interrupter Failure Travel Test 
6. Fails to Close 6i. Mechanical/Linkage Failure Travel Test 
6. Fails to Close 6j.  Stored Energy Failure Travel Test 
6. Fails to Close 6k. Lack of Lubrication Mechanism Lubrication / Maintenance

7. Fails to Open 7a. Corroded Hinge Pivot Point Operate/Inspect/Lubricate Switch
7. Fails to Open 7a. Corroded Hinge Pivot Point Contact Resistance (Ductor) Test - Switch
7. Fails to Open 7b. Coupling/Linkage Failure Operate/Inspect/Lubricate Switch
7. Fails to Open 7c. Open Coil Failure Travel Test 
7. Fails to Open 7d. Control Circuit Failure Travel Test 
7. Fails to Open 7e. Lack of Lubrication Travel Test 
7. Fails to Open 7f. Interrupter Failure Travel Test 
7. Fails to Open 7g. Mechanical/Linkage Failure Travel Test 
7. Fails to Open 7h.  Stored Energy Failure Travel Test 
7. Fails to Open 7i. Lack of Lubrication Mechanism Lubrication / Maintenance

8. Fails to Insulate 8a. Cracked/Broken Insulator Operate/Inspect/Lubricate Switch

9. Fails to Provide Conduction Path 9a. High Contact Resistance Contact Resistance (Ductor) Test - Switch
9. Fails to Provide Conduction Path 9a. High Contact Resistance Operate/Inspect/Lubricate Switch

10. Fails to Provide Adequate Protection 10a. Relay Failure Test Sudden Pressure Relay
10. Fails to Provide Adequate Protection 10b. Loss of Power to Relays Battery Maintenance

11. Fails to Be Mobile 11a. Trailer Braking System Failure Trailer Readiness Inspection
11. Fails to Be Mobile 11b. Trailer Structural Failure Trailer Readiness Inspection
11. Fails to Be Mobile 11c. Trailer Tire Rotation Trailer Readiness Inspection
11. Fails to Be Mobile 11d. Trailer Generator Failure Trailer Readiness Inspection
11. Fails to Provide Conduction Path 11e. Interrupter Failure Travel Test 

12. Fails to Regulate Voltage 12a. Drive Train Failure LTC Mechanism Inspection
12. Fails to Regulate Voltage 12a. Drive Train Failure Visual Inspection
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FAILURE MODES FAILURE CAUSES MAINTENANCE TASKS
12. Fails to Regulate Voltage 12a. Drive Train Failure LTC Continuity Test
12. Fails to Regulate Voltage 12a. Drive Train Failure LTC Inspection
12. Fails to Regulate Voltage 12b. Contact Failure Oil DGA
12. Fails to Regulate Voltage 12b. Contact Failure LTC Overhaul
12. Fails to Regulate Voltage 12b. Contact Failure Oil Quality Test
12. Fails to Regulate Voltage 12b. Contact Failure LTC Mechanism Inspection
12. Fails to Regulate Voltage 12b. Contact Failure Flush LTC Compartments and Replace With New Oil
12. Fails to Regulate Voltage 12b. Contact Failure LTC Continuity Test
12. Fails to Regulate Voltage 12b. Contact Failure LTC Inspection

13. Fails to Interrupt 13a. Open Coil Failure Travel Test 
13. Fails to Interrupt 13b. Control Circuit Failure Travel Test 
13. Fails to Interrupt 13c. Lack of Lubrication Travel Test 
13. Fails to Interrupt 13d.  Interrupter Failure Travel Test 
13. Fails to Interrupt 13e. Mechanical/Linkage Failure Travel Test 
13. Fails to Interrupt 13f. Stored Energy Failure Travel Test 
13. Fails to Interrupt 13g. Lack of Lubrication Mechanism Lubrication / Maintenance
13. Fails to Interrupt 13h. Poor SF6 Quality SF6 Moisture Test
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TASK DEFINITION
Battery Maintenance Check and record:

-- Read and record float voltage of each cell
-- Read and record electrolyte level of all cells and level corrected (applicable for 
vented lead acid batteries).  Add water as required. 
-- Read and record specific gravity (SG) and temperature corrected SG of all cells 
(applicable for vented lead acid batteries). 
-- Read and record electrolyte level and level corrected SG of all cells (applicable for 
vented lead acid batteries).
--- Perform a detailed visual inspection of each cell
-- Check structural integrity of the battery rack and/or cabinet
-- Measure and record intercell connection resistance on all connections
-- Check for corrosion at terminals and connections.

Check / Verify Gauges and Alarms Check accuracy of installed gauges and alarms. Verify switch pick up and drop out 
values against a calibrated instrument or gauge.  Verify set points are correct and 
equipment operates as designed.  

Circuit Breaker:  Perform functional test of pressure switch pick up and drop out 
using the pressure gauge in the breaker control cabinet.    Perform an external 
inspection, to include as applicable, testing of gas and/or air system low pressure 
alarms and trips.

Check Bushing Oil Level Visual verification that bushing oil levels are appropriate.  This task applies only to 
bushings where level indication is available.

Check Cabinet Heaters Visual/physical verification that cabinet heaters are operational.
Contact Resistance (Ductor) Test - Switch Apply DC current (100 Amps DC) between terminals of equipment under test to 

measure current path resistance.  Contact resistance testing is done prior to 
performing maintenance and after completion of maintenance.  The as-found and as-

Flush LTC Compartments and Replace With New Oil Flush the LTC and replace with new oil to remove carbon buildup.  Task is performed 
along with the LTC Internal Inspection.
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Frequency Response Analysis Electrical test using Sweep method.  Perform test per test equipment manufacturer.  
Record data for trending.

Inspect Bushing Potential Tap Inspect the potential tap for loose or burned connections and ensure they are filled 
with the appropriate fluid.  The BPD cable should be visually inspected for 
mechanical damage, also making sure the cable is adequately supported by 
attachments on the transformer tank.   The cable should be replaced if damaged or 
frayed. The cabinet should be cleaned and inspected.

High Voltage Excitation Test Electrical test performed with a Doble power factor test set that will indicate health of 
the magnetic circuit within the transformer.  The highest possible safe voltage, as per 
Doble tester spec, is applied to the single phase high-voltage winding and the current 
in that winding is measured.  

LTC Continuity Test Current path continuity check to ensure circuit is not interrupted during tap changer 
operation.

LTC Internal Inspection Flush and filter the LTC or replace with new oil to remove carbon buildup and 
perform internal inspection.
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LTC Mechanism Inspection Off-line detailed inspection of the operating mechanism. Checks include:
  - Operating tap changer from local control
  - Check electrical interlocks
  - Check solenoids
  - Limit switches
  - Dash pots
  - Position indicators and counter for proper operation
  - Verify all clearance dimensions (Stops, latches, rollers, switches and links)
  - Check wiring terminal blocks for tightness
  - Inspect desiccant systems and replace desiccant on the LTC
  - Apply approved lubricants to bearings and other specified areas on mechanism 
including linkage wear points
  - Remove, clean, and verify operation of breather

Mechanism Lubrication / Maintenance Off-line detailed inspection of the operating mechanism. Checks include: 
-- Operate breaker from local and remote control (if possible)
-- Trip from manual trip device and check electrical interlocks
-- Check solenoids, limit switches, dash pots, position indicators and counter for 
proper operation
-- Verify all clearance dimensions (stops, latches, rollers, switches and links)
-- Check wiring terminal blocks for tightness 
-- Rebuild pilot valve using available rebuild kit.  Replace if required.
-- Check closing control and pilot valves for leaks
-- Check for leaks in the operator
-- Wipe and clean accessible linkages and wear points
-- Apply approved lubricants to bearings and other specified areas on mechanism, 
including linkage wear points. Lubrication should not be added to sealed bearings.
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Monitor Nitrogen Pressure Visual verification of proper Nitrogen pressure by monitoring the Nitrogen Pressure in 
the main tank and nitrogen bottle (If so equipped.) 
Add nitrogen as required and record amount added for trending purposes. (Note 
Nitrogen pressure may be connected to conservator tank but is still reading main 
tank pressure.)  

Monitor Oil Level Visual verification of proper oil level in all oil filled compartments.  Record oil level.
Correct level as required and record amount added/removed for trending.

Oil DGA Take syringe samples.  Follow sampling procedures for appropriate sample quantity.  
Data to be trended.

Oil DGA Lab Analysis:  Perform per ASTM D3612.  The minimum scope for analysis 
and trending includes: Hydrogen, Carbon Monoxide, Ethylene, Ethane, Methane, 
Acetylene, Total Dissolved Combustible Gas, Oxygen, Nitrogen, and Carbon 
Dioxide. Moisture test should also be performed.
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Oil Quality Take 1 quart sample for voltage class < 220 kV.  Take 2 quart sample for voltage 
class >= 220 kV.  Reference sampling procedures.

Oil Quality Lab Analysis per sample:  
• Dielectric Strength (ASTM D1816 for ≥ 200MVA Transformers and Phase Shifters; 
ASTM  D877 for all other transformers)
• Moisture Content (ASTM D1553)
• Color (ASTM D1500)
• Sediment (ASTM D1698 or visual)

Oil Quality Lab Analysis performed at least annually:  
• Interfacial Tension (ASTM D971)
• Acid Number (ASTM D974).
• Power Factor @ 25 deg C (ASTM D924).  Perform Power Factor (PF) @ 100 deg 
C if PF @ 25 deg C results are not acceptable.  
• For breathable non-vacuum LTCs / Regulators, Power Factor and Interfacial tests 
can be excluded.

Switch & Circuit Switchers

-- Operate the switch to identify any problems with the linkage/motor operator 
mechanism, and to wipe the contact surfaces.
-- Visual verification of proper alignment, engagement, adjustment, and travel.  
Identify any broken or missing parts, contamination, deterioration. Inspect and clean 
motor operator mechanism compartment and perform operational check of cabinet 
heater system. 
-- Lubricate linkage and motor operator mechanism where applicable with approved 
lubricants.
-- Apply approved contact grease to all contact surfaces.
-- Check bolted connections are tight.  Check arcing arm assemblies for proper 
setting and for evidence of corrosion, damage, or excessive wear.

Operate / Inspect / Lubricate Switch 
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Circuit Switchers 

-- Hand crank the unit to verify ease of operation and proper tripping of interrupters.
-- Check proper SF6 pressure 
-- If installed, check remote gas density monitor.  Check replacement date of 
transmitter batteries and replace as necessary.
-- Check switch operator, power train, brain, shunt-trip device and disconnect live 
parts for evidence of damage, excessive corrosion or wear.
-- Check power train and brain for proper operation during slow, manual cranking.  
-- Wipe off old lubricants and lubricate using approved products.

Power Factor Test Electrical loss measurement, usually performed using Doble power factor equipment, 
which helps to prove the insulation level of the device.

SF6  Moisture Test A measurement of the moisture level in the SF6 Gas. 
Test Sudden Pressure Relay Ensure sudden pressure relay or Beta switch will operate when called upon to do so.

Trailer Readiness Inspection -- Inspect the trailer and all accessories for damage.  
-- Verify trailer is grounded and plugged into auxiliary AC feed.  
-- Check oil/hydraulic fluid levels, inspect for leaks, add fluids as needed. 
-- Inspect tires for proper inflation.  
-- Inspect trailer lights for proper operation.  
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Travel Test Measure and record the speed, timing, contact velocity and acceleration, contact 
penetration, contact rebound and sequence of operation during open, close and trip-
free operations.  

Transformer & LTC /  Regulator

These items should be checked: 
   - Visually inspect for damage, cracked or chipped porcelain insulators
   - Check for signs of oil leakage from bushings, tank penetrations, gasket and 
flanges
   - Check for loose, missing or damaged hardware
   - Check condition of grounding connections
   - Check radiator / coolers for debris and general cleanliness (if applicable)
   - Ensure battery charger is operating (if applicable)

Visual Inspection
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Circuit Breaker & Circuit Switcher

Visual assessment of the condition of the equipment.  Items to check include:
-- Check mech operating pressures are within specification
-- Check mechanism cabinet for general cleanliness, evidence of moisture and signs 
of wildlife or insect infestation
-- Check for signs of loose or worn parts in mechanism 
-- Check compressor oil level (if applicable)
-- Check compressor belts for wear, tension and alignment (if applicable)
-- Check cabinet door for degradation of the door seal and for proper operation of the 
door latch.  Check interior components, wiring terminals and fuse holders for rust or 
corrosion.
-- Check closing and trip solenoid coils for evidence of heating.  Check closing 
contactors for cleanliness and heating or burning of contacts. 
-- Check for fluid leaks on hydraulic mechanisms
-- Check SF6 Pressure / Temp / Density
-- Check for white or red targets, indicating misoperation or loss of gas pressure

Winding Resistance Electrical test performed to identify high resistance connections.  Test shall be 
performed on both primary and secondary winding connections.  Test should be 
performed on the existing no load tap position.   Test should be performed on the 3 
positions of the LTC side to include neutral 1 position above and 1 Position below, 1 
even and 1 odd.   This test is a 'go / no go' test to indicate gross problems in the 
mechanical / electrical connections of the transformer.
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Portable Transformer Template Summary 

The Preventive Maintenance program is documented via maintenance templates.  Templates have 
been developed that address transmission, substation, and distribution equipment that is owned and 
maintained by Exelon Utilities.   Each template documents the program tasks, frequencies, failure 
modes, and maintenance basis for the associated equipment.   Tasks and associated frequencies are 
designed to address known failure modes of the equipment covered by the template.  In general, the 
tasks included in the maintenance templates are the result of good industry practices, industry 
experience, and manufacturer recommendations.

References:
Internal reports and operating experience
OEM Maintenance Manuals and Interviews
EPRI 1001779 Guidelines for the Life Extension of Substations
IEEE Std C57.152-2013 IEEE Guide for Diagnostic Field Testing of Fluid-filled Power Transformers, 
Regulators and Reactors
CM-ED-020010 T&S Insulating Oil Handling – Testing, Cleaning and Filling in Substation Equipment

Boundary Definition 
The boundary of a portable transformer includes:

Bushings
Transformer
Trailer
LTC & drive mechanism (if applicable)
Regulator 
Other equipment attached to trailer including disconnect switches, circuit switchers, single 
pressure puffer circuit breakers and batteries.

Failure Experience
Failures are subject to ACE/RCI investigation.  Findings/recommended corrective actions are 
incorporated into the template as required.
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Vendor Recommendations
Vendor documentation was reviewed during development of this template.

Disposition of Vendor Recommendations  
As warranted vendor recommendations have been incorporated.   

Basis For Template Tasks 

Battery Maintenance:  Approximates real-time condition monitoring that can detect developing 
problems and degradation, and provides condition data used to initiate corrective actions.  Ensures that 
battery will be operational when required.

-----------------------------------------------------------------------------
Check / Verify Gauges and Alarms: IEEE Standard C57.152 identifies calibration as a tool for 
identifying problems with the various controls and indicators. EPRI 106857-V38 identifies the 
importance of controls and indications to the operator and system engineer in monitoring the 
performance of a transformer, and the importance of periodic calibration to ensure proper operation. 

-----------------------------------------------------------------------------
Check Bushing Oil Level:  Oil filled bushings normally have a means to check the level inside the 
bushing. Failure modes have been identified on the system that indicate failure of gasket material 
which causes loss of oil and eventual failure due to the decrease in dielectric strength associated with 
the loss of insulating fluid.

-----------------------------------------------------------------------------
Check Cabinet Heaters: Task intended to ensure designed systems are operating properly to prevent 
moisture intrusion into the transformer control cabinets. Moisture in these areas have been known to 
cause corrosion damage to transformer control and alarm circuits.

-----------------------------------------------------------------------------
Contact Resistance (Ductor) Test - Switch:  Measures increased resistance at connection points 
along the current conduction path.   Used to diagnose, or determine, problems at bolted or spring-
loaded connections. 

-----------------------------------------------------------------------------
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Flush LTC Compartments and Replace With New Oil: Carbon is generated from operation of tap 
changers in normal service. This carbon can become attached to contacts and cause high resistance 
connections that begin to heat up and cause damage. Compartment must be flushed to remove carbon 
buildup and the tap changer needs to be refilled with New Oil. Task is a candidate for extension on 
transformers with known non-arcing type tap changers such as vacuum type that would not normally 
produce carbon products. Oil sample results must be reviewed and conditions proven to be clean and 
free of carbon.

-----------------------------------------------------------------------------
Frequency Response Analysis: IEEE Standard C57.152  identifies electrical testing as a key 
diagnostic technique for identifying issues with the core, coils and bushings of a transformer. EPRI 
106857-V38 identifies electrical testing as a key tool for evaluating the condition of the transformer. 
Sweep Frequency Response Analysis (SFRA) utilizes the natural inductance and capacitance of the 
transformer windings and plots a characteristic response curve from about 10 Hz to 2 MHz. If a change 
in the physical relationship between the windings occurs, then the response curves will change, 
indicating a need to do further inspections or evaluations. This test should be performed to obtain a 
baseline, after moving a transformer, and concurrent with electrical tests when the transformer is 
isolated.  This is a relatively new technology that has successfully been used within Exelon to identify 
internal issues with transformers. SFRA testing is suggested as a post-event diagnostic tool by most 
OEMs.  There are software programs available for automated analysis of SFRA test results. 

-----------------------------------------------------------------------------
Inspect Bushing Potential Tap: Potential tap failures have been experienced on the system. These 
failures cause significant damage and result in extended outages. This task is a result of analysis of 
data that identified a recurring problem on the system.  Transformer bushings many times have 
potential taps that may be used to provide voltage for relaying schemes or power for auxiliary 
equipment. Additionally, this tap is used to measure power factor of the bushing. When not in use 
these taps must be grounded. These taps need to be filled with oil or a dielectric grease. 

-----------------------------------------------------------------------------
High Voltage Excitation Test:  IEEE Standard C57.152 identifies electrical testing as a key diagnostic 
technique for identifying issues with the core, coils and bushings of a transformer. EPRI 106857-V38 
identifies electrical testing as a key tool for evaluating the condition of the transformer. The low voltage 
excitation test provides indication of defects in the magnetic circuit, shifting of windings, failures in turn-
to-turn winding insulation, and problems in the tap changer circuit.  

-----------------------------------------------------------------------------
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LTC Continuity Test: Test to determine if tap change operation is smooth and does no break load 
during operation. Tap changers are designed to change taps within the transformer in response to 
changing load conditions. Ultimately keeping the voltage within tariff requirements. A common failure 
mode with tap changers is failure of the mechanism to properly shunt in resistors or shunting windings 
to carry the load while the tap changer contacts are in motion, resulting in dropping load during the tap 
changer operation.

-----------------------------------------------------------------------------
LTC Mechanism Inspection: Load tap changer mechanisms have been the cause of many priority 
emergent work requests. A review of work history within the Exelon system has indicated that periodic 
inspections are required to ensure the gears, electrical limit switches, braking systems and drive 
motors operate as designed.

-----------------------------------------------------------------------------
LTC Internal Inspection:  Carbon is generated from operation of tap changers in normal service. This 
carbon can become attached to contacts and cause high resistance connections that begin to heat up 
and cause damage. Compartment must be flushed to remove carbon buildup and the tap changer 
needs to be refilled with New Oil.  Performing Winding Resistance and Transformer Turns Ratio tests 
along with oil DGA/Quality results will determine impending issues.

-----------------------------------------------------------------------------
LTC Overhaul:  EPRI 106857-V38 identifies this maintenance to detect problems with tap changer 
contacts due to wear and high resistance connections that result in coking or thermal failure of the 
contacts.  Due to success with the monitoring and diagnostic testing performed on this equipment; this 
task has been deemed a condition directed task.  Analysis of oil DGA and oil quality, combined with 
periodic inspections, thermography and various time based electrical and mechanical tests, relative 
health of the tap changer contacts can be determined with enough lead time to order parts and 
schedule outages without impacting system reliability.  

-----------------------------------------------------------------------------
Mechanism Lubrication / Maintenance: The mechanism of a circuit breaker is composed of multiple 
bearing and sliding surfaces that require periodic re-lubrication due to minimum movement of parts 
during breaker operation.  CIGRE studies have concluded that the dominant failure mode of older style 
breakers is mechanism failure. 

-----------------------------------------------------------------------------
Monitor Nitrogen Pressure: Collection of this data is required to ensure proper head pressure is 
maintained. This nitrogen pressure is intended provide an inert atmosphere above the oil level that acts 
to prevent corrosion of the internal components, prevent oxidation of the oil and act as a buffer to allow 
for thermal expansion and contraction of the oil. 
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-----------------------------------------------------------------------------
Monitor Oil Level: Oil level is required to maintain the design properties of the insulating systems, 
provide cooling to the winding and core. Loss of oil will result in equipment failure. Minor loss of oil will 
result in environmental cleanup. 

-----------------------------------------------------------------------------
Oil DGA: IEEE Standard C57.152 identifies dissolved gas analysis as a primary troubleshooting tool 
for a range of electrical faults in the transformer, as well as the condition of the insulating oil. EPRI TR-
106857-V38 identifies dissolved gas analysis as a tool for detecting electrical degradation of the coils, 
core, cooling system and insulating system. EPRI 1002913 identifies dissolved gas analysis as an 
excellent method of assessing transformer condition. The minimum scope for analysis and trending 
includes: Hydrogen, Carbon Monoxide, Ethylene, Ethane, Methane, Acetylene, Total Dissolved 
Combustible Gas. Additionally, the following are included in the minimum scope to trend insulation 
degradation, identify leaks, monitor the integrity of the oil preservation system and verify the quality of 
the oil sample: Oxygen, Nitrogen, Carbon Dioxide.  Moisture test should also be performed. 

-----------------------------------------------------------------------------
Oil Quality Test: IEEE Standard C57.152 identifies oil quality tests as a tool for monitoring aging and 
condition of the insulating system.  Follows ASTM standards as prescribed therein. Oil quality tests 
provide indication of oil condition and long term paper degradation. EPRI 1002913 identifies oil 
analysis as a primary tool for determining transformer condition. Insulating oil is a significant element in 
the insulating system. These tests assess the condition of the oil and the cellulose insulation system. 
EPRI TR-106857-V38 recommends periodic insulating oil quality tests. The scope of testing includes: 
Dielectric Strength (ASTM D1816 is the preferred method for HV/LV Transmission Transformers), 
Power Factor, Interfacial Tension, Color, Sediment, Moisture Content, Acid Number. It is important to 
obtain the temperature of the equipment at the time of the sample to ensure accurate calculation of 
H2O saturation. Conditional Testing: PCB Test on any equipment >45 ppm. Transformers newer than 
1980 are exempt.

Option at OpCo Discretion:
Power Factor, Interfacial Tension and Acid Number can be tested annually if trending results indicate 
no significant change over time that could result in equipment failure.  For breathable non-vacuum 
LTCs, Power Factor and Interfacial tests can be excluded.  Due to Nuclear Switchyard criticality, all 
prescribed tests shall be performed per sample.  

-----------------------------------------------------------------------------
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Operate / Inspect / Lubricate Switch: Vendor recommendations suggest that switches be periodically 
operated, inspected and lubricated. Additionally, experience with auxiliary position indicating contacts 
has indicated need for inspection and verification of contact alignment.

-----------------------------------------------------------------------------
Power Factor Test: (including bushings and arresters) IEEE Standard C57.152 identifies electrical 
testing as a key diagnostic technique for identifying issues with the core, coils and bushings of a 
transformer. EPRI 106857-V38 identifies electrical testing as a key tool for evaluating the condition of 
the transformer.  Power Factor test provides indication of insulation degradation in the main tank or in 
the bushings and arresters.  Best applied as a trending tool.

-----------------------------------------------------------------------------
SF6 Moisture Test: Verifies proper operation of SF6 desiccant systems.  Gas moisture readings below 
manufacturer recommended limits are required to maintain adequate dielectric insulation levels.

-----------------------------------------------------------------------------
Test Sudden Pressure Relay: Task to ensure the sudden pressure relay is operating as designed. 
Failure of this device to operate properly during an internal fault of the transformer or LTC could cause 
extensive damage and environment cleanup.

-----------------------------------------------------------------------------
Trailer Readiness Inspection:  Ensure that the portable transformer trailers are in a condition that will 
allow for relocation of the portable when required to do so.

-----------------------------------------------------------------------------
Travel Test: Circuit breaker timing and travel test measures the speed and acceleration of breaker 
movable parts during open, close and trip-free operations.  The test addresses failure modes 
associated with excessive unlatching friction,  mechanism binding or contact friction, inadequate 
lubrication, improper spring adjustments, improper stop adjustments, worn contacts, malfunctioning 
shock absorbers or dashpots, excessive rebound or improper velocity through the arcing zone of 
operation.  

-----------------------------------------------------------------------------
Visual Inspection:  Approximates real-time condition monitoring that can detect developing problems 
and degradation, and provides condition data used to initiate corrective actions. 

-----------------------------------------------------------------------------
Winding Resistance: IEEE Standard C57.152 identifies electrical testing as a key diagnostic 
technique for identifying issues with the core, coils and bushings of a transformer. EPRI 106857-V38 
identifies electrical testing as a key tool for evaluating the condition of the transformer. The winding 
resistance test provides indication of loose connections and high contact resistance.
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Revision 0                                                                                                        Date 09/23/2015
Writer Hugo Castaneda (Material Condition)

Reviewer(s) Ken Wendt, Ty Lutes, Kushal Singh
Approver(s) Michael Moy (UFAM ComEd)

Reason Written Created to document the ComEd maintenance program tasks, frequencies, failure modes, and 
maintenance basis.

Revision 1                                                                                                        Date 09/20/2018
Writer Hugo Castaneda (Material Condition)

Reviewer(s) Dale Player (Mgr Material Condition), Ty Lutes (T&S Equipment Stds), Kushal Singh (T&S 
Equipment Stds), Dagogo Obomanu III (T&S Services), Jason Baumbach (T&S Services), Greg 
Hitzke (T&S Equipment Stds), Elizabeth Spolarich (T&S Equipment Stds)

Approver(s) Michael Moy (UFAM ComEd)
Reason Written Revised miantenace template as part of its 3yr review cycle.  Maintenace tasks & basis were 

revised to include maintenance for the LTC, Circuit Switchers and Circuit Breakers that may be 
attached or part of the trailer.  Oil Quality and DGA task definition was updated to reflect current 
practices. 
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