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MOTOR WINDING 
INSULATION TESTING
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PURPOSE:
TO FAMILIARIZE WITH MOTOR 
WINDING TESTING REQUIREMENTS 
AND PROCEDURES
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AGENDA

- Why should we perform winding insulation testing
- What needs to be tested
- What are the standards for insulation testing
- USACE “Megger” procedure
- How is the testing data used
- What records need to be kept
- Poor result mitigation techniques
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WHY PERFORM INSULATION RESISTANCE TESTING

- It’s the law
- 33 CFR 208.10(f)(1)

- Megger tests of all insulation shall 
be made whenever wiring has been 
subjected to undue dampness and 
otherwise at intervals not to exceed 
one year. A record shall be kept 
showing the results of such tests.

- Helps to plan for the future with 
respect to funding for 
rehabilitation/replacement of motors 
(trending graphs)
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WHAT NEEDS TO BE TESTED
5

- Flood pump motors
- Utilize the USACE distributed procedure

- Titled “Electric Motor Testing Procedures”
- USACE has plans to develop and distribute testing 

procedures for:
- Cabling
- Switchgear
- Transformers



STANDARDS GOVERNING TESTING
6

- Low voltage (0-1,000 volts)
- IEEE 43 (2013) for motors
- IEEE 400.1 (2007) for conductors

- Standard was prepared for medium voltage, but the testing 
procedure for low voltage conductors is the same. Only 
differences are the test equipment rating and applied voltages

- NETA MTS (2015) for switchgear



STANDARDS GOVERNING TESTING (CONT.)
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- Medium voltage (1,000-72,000 volts)
- IEEE 43 (2013) for motors
- IEEE 400.1 (2007) for conductors
- NETA MTS (2015) for switchgear
- IEEE C57.152 (2013) for transformers



USACE TESTING PROCEDURE
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USACE TESTING PROCEDURE (CONT.)
9

- Primarily for non-submersible type pump motors
- Environmental Conditions

- Temperature: Winding vs Dew Point
- Dew point needs to be determined prior to testing
- For valid results, winding temp has to be at least 5°C warmer 

than the dew point.
- Weather – Rainy? Humid?

- If environment is wet/humid, results may be skewed
- Schedule tests around weather

- Enter environmental conditions on Motor Testing 
Record sheet



USACE TESTING PROCEDURE (CONT.)
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- Winding DC Resistance Test
- Prep

- Safety measures
- Record operational status of equipment on Motor Testing 

Record sheet
- Disconnect motor from power source (label both terminals 

and conductors to ensure same return setup)
- Disconnect support equipment (PFCCs)
- Short out and ground any resistance temperature detector 

(RTDs) or current transformer (CTs) wiring
- Run test equipment diagnostics



USACE TESTING PROCEDURE (CONT.)
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- Winding DC Resistance Test
- Follow USACE procedure
- Three sets of results total (A to B phase, B to C 

phase, C to A phase)
- Correct values to 40°C using the formula in step 8.
- Record initial and corrected values on Motor Testing 

Record sheet.
- All values obtained from Winding DC Resistance Test 

should be below 1 Megohm and similar in value



USACE TESTING PROCEDURE (CONT.)
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- Winding Insulation Test
- Primarily for non-submersible type pump motors
- Prep

- Determine testing voltages
- Determine minimum acceptable resistance at 40°C
- Short all three phases together at terminals
- Use a multimeter to measure resistance between the 

leads and grounded motor frame. If the value returned is 
above the minimum, proceed with the testing.



USACE TESTING PROCEDURE (CONT.)
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Testing Voltages
– Taken from IEEE 43 – Table 1

Minimum Acceptable Resistance
– Taken from IEEE 43 – Table 4

- Winding Insulation Test



USACE TESTING PROCEDURE (CONT.)
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- Winding Insulation Test
- Follow USACE procedure
- Correct values to 40°C using the formula in step 8.
- Record initial and corrected values on Motor Testing 

Record sheet
- Helpful Ratios to calculate and record:

- Dielectric Absorption Ratio (1 min/30 sec)
- Polarization Index (10 min/1 min)



USACE TESTING PROCEDURE (CONT.)
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- Post Test Efforts
- Removing all shorting and grounding to RTDs/CTs
- Reconnect all supporting equipment (PFCCs, surge 

arrestors, etc.)
- Remove shorting of motor leads
- Reconnect power supply to motor.
- Verifying that equipment is operational after getting it 

to its pre-test state



TESTING RESULTS – WHAT DO THEY MEAN?
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- 1 minute value comparison
- Polarization Index ranges

- What records should be 
kept

- All Motor Testing 
Record sheets

- USACE recommends 
plotting the 1 minute 
results annually



TESTING RESULTS – WHAT DO THEY MEAN? (CONT.)
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SUBMERSIBLE PUMPS
18

- Testing values for submersible pumps
- Typically lower due to nature of construction and 

installation
- Important to trend data to see tapering effect
- Chart below can be used as an unofficial check



MITIGATION TECHNIQUES
19

- Heaters
- Dehumidifiers
- Refurbishment

- Rewind/re-insulate
- Opportunity for refurbishment of other motor aspects

- Replacement

- Check O&M for potential capacity issues
- Can project afford to lose a motor during an event?
- Pump rentals?



SUMMARY

File Name
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- Why testing is required
- Test prep
- Testing and interpreting results
- What info to keep
- Submersible pumps
- Mitigation Techniques 



QUESTIONS?
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Jeff Timbas, PE
jeffrey.w.timbas@usace.army.mil
Phone: 502.315.6395

mailto:jeffrey.w.timbas@usace.army.mil
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