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ELECTRIC MOTOR TESTING PROCEDURES 
 
MOTOR WINDING MEASUREMENTS 
These Motor Winding Test Procedures are based upon the provisions of IEEE 43-
2000(R2006), “IEEE Recommended Practice for Testing Electrical Insulation 
Resistance of Rotating Machinery”, U.S. Bureau of Reclamation Facilities Instructions, 
Standards, and Techniques, Volume 3-1, “Testing Solid Insulation of Electrical 
Equipment”, December, 1991, and Electric Power Research Institute “Electric Motor 
Predictive Maintenance, Draft Guidelines” TR-108773-V1. 
 
The voltages applied during insulation resistance testing shall be in accordance with the 
recommendations of IEEE 43, Table 1, “Guidelines for dc voltages to be applied during 
insulation resistance test”, as indicated below: 
 

Winding rated 
voltage (V)a

Insulation
resistance test 
direct voltage (V) 

<1000 500
1000–2500 500–1000 
2501–5000 1000–2500 
5001–12 000 2500–5000 
>12 000 5000–10 000 

 
a Rated line-to-line voltage for three-phase ac machines, 
line-to-ground voltage for single-phase machines, and 
rated direct voltage for dc machines or field windings. 

 
Environmental Conditions for Testing 
 
Motor windings should be at least 5ºC (9ºF) above dew point while performing winding 
tests.  Motors shall have been off line, and any winding heaters disconnected/de-
energized, for at least one hour prior to commencing testing. 
 
Measure and record the ambient dry bulb temperature, and the wet bulb temperature or 
the relative humidity.  Determine the dew point from a psychrometric chart or table.  
Record this information on the Motor Testing Record sheet. 
 
Determine the average motor winding temperature by taking several temperature 
measurements at locations, spaced both vertical and horizontally, around the motor 
case, and averaging the measurements.  Record this information on the Motor Testing 
Record sheet. 
 
Motor Winding DC Resistance Measurements 
 
For resistance measurements of motor windings, perform the following: 
 
Step 1: Short and ground all windings for one minute. 



 
Step 2: Remove the ground from the windings to be tested. 
 
Step 3: Connect a Kelvin Bridge, Wheatstone Bridge, or Digital Low Resistance 
Ohmmeter (DLRO) across the terminals to measure the resistance of the motor 
windings. 
 
Step 4: Measure the resistance of the windings and record this information on the data 
sheet. 
 
Step 5: Disconnect the Bridge or DLRO from the winding terminals. 
 
Step 6: Repeat Steps 2 through 6 as necessary for the remaining windings. 
 
Step 7: Correct the measured resistances to 40°C using the following formula, given in 
IEEE 112-2004, “IEEE Standard Test Procedure for Polyphase Induction Motors and 
Generators”, and enter the values in the Motor Testing Record sheet: 
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Ra is the known value of winding resistance, in ohms, at temperature ta, 
ta is the temperature, in °C, of winding when the resistance Ra was measured, 
tb is the temperature, in °C, to which the resistance is to be corrected, 
Rb is the winding resistance, in ohms, corrected to the temperature tb, 
k1 is 234.5 for 100% IACS conductivity copper, or 225 for aluminum, based on a volume 
conductivity of 62% 
 
For copper windings, corrected to 40ºC, the formula reduces to: 
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Rb = Corrected Resistance at 40°C 
Ra = Measured Resistance 
Ta = Measured Temperature in Centigrade 
 
Note: This formula will yield slight variations if the motor cable temperature is different 
than the motor temperature, or if the motor cable is not copper. 
 



 
Insulation Resistance Test Preparation 
 
Step 1: Determine the minimum acceptable resistance at 40ºC.  Where Insulation 
Resistance Curves have been provided for the individual motors, locate the point at 
which the curve crosses the 40ºC vertical line and read the resistance value from the left 
or right edge of the chart.  Where curves have not been provided, determine the 
minimum acceptable resistance at 40ºC by using Table 3 of IEEE 43: 

Table 3—Recommended minimum insulation resistance values at 40 °C (all 
values in M�)
Minimum insulation resistance Test specimen 
IR1 min = kV + 1  For most windings made before about 

1970, all field windings, and others not 
described below 

IR1 min = 100 For most dc armature and ac windings 
built after about 1970 (formwound 
coils) 

IR1 min = 5  For most machines with random-wound 
stator coils and formwound coils rated 
below 1 kV 

NOTES 
1—IR1 min is the recommended minimum insulation resistance, in megohms, at 40 °C of the 
entire machine winding 
2—kV is the rated machine terminal to terminal voltage, in rms kV 

Step 2: Record the minimum acceptable resistance at 40ºC on the Motor Testing 
Record sheet. 
 
Step 3: Short all three phases together 
 
Step 4: Perform the following Test 
 
1. Using a Volt-Ohm Meter, measure the motor insulation resistance to frame/ground to 
determine that it exceeds the minimum value recorded in Step 2. 
 
2. If the motor passes the above test, then proceed with the Insulation Test. 
 
Insulation Resistance Test 
Step 1: Record the test voltage determined from Table 1 of IEEE 43 on the test sheet 
form.  Apply the test voltage to the windings. 
 
Step 2: Measure the motor insulation resistance to ground at the intervals indicated on 
the Motor Testing Record sheet and record this information on the Motor Testing 
Record sheet. 
 
 



Step 3: Record whether the test was performed with or without cables on the Motor 
Testing Record sheet. 
 
Step 4: Disconnect the test equipment. 
 
Step 5: Ground the windings for a period of time equal to four times the test time, or 
one hour, whichever is greater. 
 
Step 6: Correct the resistance to 40°C using the correction factor (Kt) determined from 
the motor insulation resistance curves, or from the following equation: 
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Step 7: Calculate the Polarization Index (PI) by dividing the 10 minute reading by the 1 
minute reading.  If the winding insulation resistance readings exceeded the maximum 
range of the meter before the five minute time had been reached, calculate the 
Dielectric Absorption Ratio.  Record on the Motor Testing Record sheet. 
 
 
One-Minute Insulation Resistance 
Interpretation
The minimum acceptable one minute insulation resistance (IR1) depends on the stator 
winding insulation material.  If the IR1 corrected to 40°C is greater than (kV+1) 
megohms, then this is acceptable for asphaltic mica windings.  If the corrected IR1 is 
greater than approximately 100 megohms (for any voltage class), then this is 
acceptable for epoxy mica and polyester mica windings.  Readings lower than these 
thresholds indicate that the winding has been contaminated with a partly conductive film 
of oil or moisture, or that the winding insulation has cracked, exposing the copper 
conductors.  The winding should be dried, cleaned, or at least inspected, before being 
returned to service. 
 
If the insulation resistance test has been used over the years, and the readings have 
always been made at temperatures above the dew point, then the trend in IR1 may 
indicate that gradual deterioration from pollution or moisture absorption is occurring.  
Increased deterioration is indicated by a decrease in IR1 over time. 
 
 
Dielectric Absorption Ratio/ 
Polarization Index 
Interpretation.
 
Dielectric Absorption Ratio: 
The dielectric absorption ratio should only be used for insulation systems that start with 
a very high resistance value and very quickly reach values in excess of 2,000 
megohms. 
 



Polarization Index: 
For asphaltic mica windings and the older (pre 1970) polyester mica windings, the 
polarization index can be interpreted as follows: 
 
PI<1 The winding is very deteriorated by the absorption of moisture; and/or, the end 
windings have been polluted with partly conductive moisture, oil or other contaminants. 
 
1<PI<2 Some deterioration is occurring due to moisture or pollution. 
 
2<PI<7 The winding is clean and dry. 
 
PI>7 The insulation may be brittle due to thermal aging of the insulation. 
 
For modern epoxy and polyester windings, the PI can be interpreted as follows: 
PI<1 The winding is contaminated with moisture or oil. 
 
1<PI<2 Some contamination of the winding by moisture or oil is present. 
 
P>2 The winding is clean and dry. 
 
If the IR1 is greater than 1,000 megohms when testing an epoxy or polyester mica 
winding, many users may not perform the 10 minute test, since it is clear that the 
winding is clean and dry. 



MOTOR TESTING RECORD 
 
Date ________________________________ 
 
Apparatus 
Description_____________________________________________ 
 
Rated Voltage _______________ Single or Three Phase _____________ 
 
Rating ______________ Horsepower or kW __________ 
 
Minimum Acceptable 
Insulation Resistance _______________ From: IEEE 43, Table 3 or Curve? ____________ 
 
Hours Since Motor Shutdown _______________ 
 
Test Conditions: 
 
Ambient Temperature °F ______ Wet Bulb Temperature _______  Relative Humidity % ______  
 
Dew Point Temperature °F ________ 
 
Weather ___________________________________________________ 
 
Winding Temperature _______________ How Obtained _____________________ 
 
WINDING RESISTANCE 
Instrument Resistance 
Make and Model __________________ Range ____________  
 

Resistance (Ohms) 
 A-B A-C B-C 
Reading    
Corrected    

 
With Cables ______ Without Cables _____ 
 
INSULATION RESISTANCE & DIELECTRIC ABSORPTION RATIO/POLARIZATION INDEX 
 
Instrument Resistance Applied 
Make and Model __________________ Range ____________  Voltage___________ 
 
Test Data: 
MINUTES 0.25 0.5 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 
Reading             
Correction             
 
Winding Grounding Time __________________ 
 
Dielectric Absorption Ratio (R1/R0.5) ___________ 
 
Polarization Index (R10/R1) _______________ 
 
Remarks: 
 
 
Tested by ____________________________________ 


