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One of the most frequently quoted studies related to electric motor reliability is a 1983 Electric Power 
Research Institute (EPRI) project performed by General Electric (1).  It has been used to support a variety 
of programs, equipment, and other electric motor strategies.  In fact, this author has cited other papers 
that referenced the study over many years and had been searching for a copy of the original in order to 
provide additional detail.  Recently, the paper that covers the details of the study has been made 
available through the Institute of Electrical and Electronics Engineers, Inc. (IEEE) and a review quickly 
identifies that many of the statements attributed to the study are either incomplete or entirely 
incorrect. 
 

Figure 1: 1983 EPRI Study Failure Rates (1) 

 
 
The good news is that this was not the only study on electrical systems and electric machine reliability.  
Studies were performed by several groups, including an IEEE Power Engineering Society group, from 
1962 through 1995, and then supported by other industry groups as late as 2010.  What is particularly 
interesting about these studies is that they focus on different industries, such as petro-chemical, 
utilities, general industry, and commercial buildings, yet have very similar results.  While each study 
looked deeper into the issues, and the results were different than represented by many papers and 
books, the actual findings were much more interesting and far more supportive of the programs and 
strategies presented in those cases. 
 
In this article we are going to review what these studies really represent in relation to larger machines, 
which was the primary purpose of many of the papers.  This includes the reliability issues that were 
identified and the recommended strategies, with supporting information.  While the full breadth of the 
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related studies is far more than we can cover in this article, the information that will be discussed will 
have a significant impact on how you look at your motor system. 
 
A Little About the EPRI Study 
 
The percentages shown in Figure 1 have often been cited as the conclusion of the EPRI study, which is 
correct.  However, the details behind those percentages are also very interesting.  This includes the 
number of motors that failed more than once and the apparent causes of those failures, as well as the 
general reliability of electric motors in utilities. 
 
First it was noted that more than 90% of the failures occurred in 54% of the facilities evaluated and half 
of the failures occurred in 17% of the facilities.  This means that a majority of the failures occurred in 
less than half of the facilities evaluated.  Overall, the reliability of the motors across all of the facilities 
was 3.4% per motor per year with some facilities having an obviously higher failure rate and 46% of 
facilities having a very low failure rate.  In all, the study found that the plants with the higher failures 
had a failure rate of 9.3% per year (17% of facilities) and that 13% of facilities had about a 0.8% failure 
rate. 
 
There were 4,797 motors evaluated in the study with a total of 1,227 failures on 872 motors.  This 
means that 335 of the 1,227 failures were repeat failures.  The best facilities saw some of the motors fail 
two to three times. The median group saw motors fail four or more times, and the worst group saw an 
even higher repeat failure rate. 
 
The apparent causes of failure were also surprising, with only 34.1% of failures being from mis-
application or misoperation.  However, it was noted that more than half (50.2%) of the failures were not 
specified with an apparent cause.  The failure modes were correctly identified with the repeated failures 
being the same as the original failures.  Table 1 identifies the failures and the percent of each failure 
mode. 
 

Table 1: Failure Modes (1) 
Failure Mode Number of Motors Percent of Total (%) 

Other – Unspecified 313 35.9 
Insulation to Ground 161 18.5 
Sleeve Bearing 85 9.7 
Ball Bearing 43 4.9 
Thrust Bearing Vertical 41 4.7 
Oil Leakage 36 4.1 
Turn Insulation (Short) 32 3.7 
Rotor Bar Failure 31 3.5 
Roller Bearing 20 2.3 
Bearing Seal 20 2.3 
Loose Blocking 16 1.8 
Rotor Shaft 13 1.5 



Oil System 12 1.4 
Stator Slot Wedges 11 1.3 
Loose Iron 9 1.0 
Stator Frame 7 0.8 
Line Cable 6 0.8 
Coil Connection 5 0.6 
Balance Weights 5 0.6 
Accessories 4 0.5 
Thrust Bearing Horizontal 2 0.2 

 
Of these failures, design was determined to be 39.1% and workmanship was 26.8%.  In effect, the survey 
determined that 65.9% of the motor failures were related to the manufacturer and rebuilder. 
 
The failure rate by manufacturer was found to range from 0.84% to 5.27% for the top seven 
manufacturers, 16.44% for one manufacturer, and a combined total of 6.50% for all other 
manufacturers.  The manufacturers were not identified. 
 
One of the issues brought to light by the statistics in the EPRI study is that insulation to ground faults are 
the majority of winding faults.  Quotes related to this study and other industry statements identify turn 
faults as the initiation of failure.  However, that statement is not found in the reports in this or the 
follow-up studies. 
 
Review and Comparison of Studies 
 
Motor failure studies in the 1980s determined that a given population of motors had either an average 
failure rate of 0.0708 Failures per Unit per Year (FPU) for general industry (2) or 0.035 FPU for 
maintenance intensive industries such as utilities (1).  In 1995, new studies would support the original 
assumptions.  These industry studies found that in machines with required minimum protection, such as 
fuses or breakers, the failure rate was 0.0707 FPU, while those with embedded thermal protection had a 
failure rate of 0.0202 FPU, or less than 1/3rd of the failures (3). 
 
Maintenance was also found to have a significant impact through all of the studies.  When maintenance 
frequency was involved, the post-EPRI studies all found that frequencies of less than a year had the best 
impact.  The 1985 IEEE study identified that maintenance performed with a frequency under 12 months 
equaled 0.0124 FPU; from 13 to 24 months had 0.0506 FPU; maintenance frequency of greater than 25 
months resulted in 0.0881 FPU.  Machines that were maintained within the 12-month period were also 
found, within the survey, to have excellent practices, resulting in the failure rate of 0.0124 FPU, while all 
others had failure rates in excess of 0.0681 FPU. 
 
A key difference between the EPRI and IEEE studies is that the IEEE 1985 study reviewed not just the 
general failures, but also broke out service factor, speed, and maintenance.  The IEEE 1995 study further 



modified the findings by identifying size and voltage in order to determine factors that relate to each.  In 
2010, a paper on root cause failure analysis supported the findings of the 1995 study (4). 
 
One consideration for these studies is their ages; do the results change over time?  From the first study 
published in 1974 relating to electrical reliability of electrical equipment in industrial plants through the 
1995 study, fundamental facts have not changed regarding the reliability of machines based upon 
application, enclosure, service factor, speed, protection, and level and type of maintenance.  The 
combined studies cover virtually all industries, from petrochemical and chemical, to utilities, to 
commercial and industrial applications. 
 
Application of Studies to Large Machines 
 
As the studies provided similar data based upon failure rates, and since it can be assumed that the 
variations in failure rates and reliability of machines by facility in the EPRI study relate to the level of 
maintenance, we will focus on the information in the IEEE studies.  This information is broken down by 
size, enclosure, and speed, providing the ability to demonstrate the importance of maintenance on large 
machines. 
 

Figure 2: Comparison of 1983 EPRI to 1995 IEEE Survey (1), (3) 

 
 
The primary difference is identified in Figure 2 where the various faults found in the machines were 
significantly different.  It is noted that the EPRI study focused on utility motors 100 horsepower and 
larger while the IEEE study related to machines of 10kW (~15hp) and larger at 50 Hz and 60 Hz. 
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Figure 3: Comparison of the 1983 EPRI and the 1985 and 1995 IEEE Surveys (1), (2), (3) 

 
 

As shown in Figure 3, the actual failure modes for each industry group were significantly different, other 
than a similar pattern.  A majority of faults were caused by bearings, followed by windings as the second 
cause, then the rotor, then all other faults combined.  The 1985 IEEE survey covered industrial and 
commercial facilities, while the 1983 EPRI study covered utilities only, and the 1995 IEEE survey covered 
petro-chemical and similar industries.  Other significant differences with the 1985 survey are that it 
covered machines from 200 horsepower to 10,000 horsepower, voltages to 13.8kV, and induction, 
synchronous, wound rotor and DC motors. 
 
Based upon the breadth of industries covered, we will review the following data as it relates to the 1985 
IEEE survey and machines over 1,000 Volts.  From an overall industry standpoint, 2300 and 4160 Vac 
machines have a median failure rate of: 0.0714 FPU for induction motors; 0.0762 FPU for synchronous 
motors; and, 0.0319 FPU for wound rotor motors. 
 
If we further break down the information from the survey, motors from 500 to 5000 horsepower had a 
median failure rate of 0.0730 FPU and from 5001 to 10,000 horsepower a median failure rate of 0.2169 
FPU.  In relation to motor speed and failure rate: 0-720 RPM is 0.1004 FPU; from 721-1800 RPM is 
0.0721 FPU; and 1801-3600 RPM is 0.0519 FPU.  In effect, larger, slower speed motors have a higher 
failure rate, with most machines being induction and synchronous motors in the survey.  The wound 
rotor machines covered tended to be a smaller horsepower. 
 
Based upon the IEEE studies, the use of continuous monitoring, such as temperature and vibration, can 
reduce the failure rate by about 1/3rd.  None of the studies has identified the effect of the use of partial 
discharge testing on machines over 6,000 Volts.  However, it can be assumed that such practices and 
technologies are used for fault detection rather than winding protection, in most cases.  Does this have 
an impact? 
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The IEEE studies identify the number of faults that are detected by a variety of technologies and 
maintenance practices and the median downtime hours per failure based upon the fault being detected 
as part of a maintenance practice or during operation.  According the 1985 IEEE survey the failures were 
detected as found in Figure 4. 
 

Figure 4: Time Failures Discovered (2) 

 
 

The level of maintenance program and frequency of maintenance practices also had a significant impact 
on not just the failure rate, but also the median hours of downtime per failure (Table 2). 
 

Table 2: Maintenance Vs. Failure Rate (2) 
Level of Maintenance and 

Frequency 
Failure Rate (FPU) Median Hours Downtime/Failure 

(Impact on Production) 
Excellent, <12 Months 0.1115 8 
Excellent, 12-24 Months 0.0364 24 
Excellent, >24 Months 0.0315 36 
Excellent, Average 0.0708 16 
Fair, <12 Months 0.0872 16 
Fair, 12-24 Months 0.0403 54 
Fair, >24 Months 0.0719 165 
Fair, Average 0.0710 16 
Poor, 12-24 Months (All) 0.0563 96 

 
The maintenance practices that encompassed ‘excellent’ maintenance included: 
 

• Visual inspections; 
• Insulation resistance; 
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• Cleaning; 
• Lubrication and/or filters; 
• Vibration analysis; 
• Bearing check/inspection; 
• Ampere and temperature tracking; 
• Air gap checks; 
• Alignment; and, 
• Check/change brushes, as applicable. 

 
One of the explanations of the higher failure rate and the lower associated production average 
disruption was that potential faults were detected as part of the maintenance practice. 
 
Conclusion 
 
Past electric motor studies have been incorrectly quoted for many years.  A review of the associated 
studies identified that the actual opportunities are far greater than have been identified.  The purpose 
of this paper was to demonstrate some of the information in relation to large, medium voltage 
machines.  Primary opportunities include the use of continuous monitoring systems, such as 
temperature and vibration, and the application of technologies and maintenance practices that will 
avoid or detect electrical and mechanical faults.  The result is both a reduction in failure rate by about 
1/3rd and significant reduction in production downtime.  
 
While the studies have been performed and published from 1973 through 1995, the information on 
failure rates remained similar through this period and papers published as late as 2010 continue to 
support the original findings.  The primary differences between the studies are the target industries and 
the failure modes listed by each study. 
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