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TITLE 

SUMMARY 

QUALITY ELECTRIC MOTOR REPAIR: 
A GUIDEBOOK FOR ELECTRIC UTILITIES 

. 

The guidebook provides utilities with a resource for better understanding 
and developing their roles in relation to electric motor repair shops and 
the industrial and commercial utility customers that use them. The 
guidebook includes information and tools that utilities can use to raise the 
quality of electric motor repair practices in their service territories. 

BPA 
PERSPECTIVE 

This R&D project is one of a number of activities which support BPA's 
Market Transformation efforts. Market Transformation is a strategic 
effort initiated by BPA to induce lasting structural or behavioral changes 
in the market that result in the adoption and penetration of energy efficient 
technologies and practices 

BACKGROUND More motor horsepower is repaired than sold each year. Improperly 
repairing and rewinding motors can decrease the efficiency of individual 
motors by up to 5 percent. Estimates of the average reduction in 
efficiency after repair associated with current practice range from 0.5 to 
2.5 percentage points. However, efficiency decreases are not unavoidable 
or unexplainable consequences of repair or rewinding. Case studies of 
rewound motors have shown decreased efficiency to be linked to specific 
shortcuts, errors, or parts substitutions. 

A 1 percent decrease may appear inconsequential, but when the 
number of repairs and motor operating hours are taken into 
account, the potential energy and dollar savings care significant. If 
all repaired motors currently in operation had been repaired with no 
decrease in efficiency, savings would be about 2,000 aMW, roughly 
equivalent to the output of two large thermal power plants. 
Maintaining energy efficiency during repair usually improves motor 
performance and reliability after repair, significantly contributing to 
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the productivity and competitiveness of motor repair customers. 
By working with the motor repair industry utilities can provide 
information and services critical to helping industrial and 
conimercial customers manage their energy use and improve 
productivity. Providing these types of services and education will 
be come more essential as the utility industry faces increasing 
competition for customers. 

OBJECTIVE 

.I 

To provide a guidebook to help educate Electric utilities on motor repair 
practices and opportunities for improvement. This objective is part of a 
broader goal to achieve a more energy efficient population of motors 
through appropriate selection of high efficiency new motors and 
improvements in repairs. 
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Disclaimer 

This report was prepared by the Washington State Energy Office as an account of 
work sponsored by the Electric Power Research Institute and the Bonneville Power Ad- 
ministration. Neither the United States, the Bonneville Power Administration, the Elec- 
tric Power Research Institute, the State of Washington, the Washington State Energy 
Office, nor any (if the contractors, subcontractors or their employees, makes any war- 
ranty, expressed or implied, or assumes any legal responsibility for the accuracy, com- 
pleteness, or usefulness of any information, apparatus, product, or process disclosed 
within tlie report. 
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Prelase c 

Much of this guidebook is based on the research conducted on behalf of EPRI and 
BPA in 1993 and 1994. This research was summarized in Electric Motor Repair Indus- 
try Assessment: Current Practice and Opportunities for Improving Customer Produc- 
tivity and Energy Eflciencq.--Phase 1 Report. This report contains a much more 
detailed accounting of current motor repair and testing practices and issues which influ- 

. ence quality repair. You may contact the Motor Challenge Information Clearinghouse 
to obtain current information on availability of this publication. 

For informaticin on any of these reference materials, contact the Motor Challenge Infor- 
mation Clearinghouse, P.O. Box 43 17 1, Olympia, WA 98504-3 171; Hotline (800) 862- 
2086; U.S. Department of Energy. Access and availability may vary depending upon 
user affiliations and current distribution policies of the author/or~ruiizatioii. 
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Introduction 

This guiclehook provides utilities with a resource for better understanding and develop- 
ing their roles in relation &) electric motor repair shops aid the industrial and commer- 
cial utility customers that use them. The guidehook includes information and tools that 
utilities a n  use to mise the quality of electric motor repair practices in their service ter- 
n tori es. 

Motors and the Use of Electricity in the United States , 

In 199 I, more than ‘1. I billion electric motors were in operation (EPRI, 1992). The 
American Council for an Energy Efficient Economy estimates that motors accounted 
for 57 percent of the 2,700 hillion kWli consumed in electric end-uses in 1988. The 
share of electricity used by motors is especially high in the industrial sector (Figure 1). 

Figure 1 
1988 United States Electricity Use By Sector - 
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Source: Nadel et al. 1991 

Of the motors used in the United States (US.), the greatestnumher, 90 percent, are 
fractional horsepower motors (motors of less than I hp), which are used in kitchen ap- 
pliruices, computers, and office equipment. Eight percent of motors used in the U.S. 
itre 1 to 5 hp motors, and 2 percent are 5 hp or more. Although motors over 5 hp make 
up the smallest percentage of motors, they account for more than 75 percent of the en- 
ergy consumed by all motors; not only do these motors require more power per motor, 
they also operate more hours per year (Figure 2). 
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Figure 2 
Percentage Distribution of 1987 Motor Population 
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Source: EPRI, 1992 

Changes Affecting the Motor Market 
Over 2 million motors over 5 lip are sold in the United States each year. After account- 
ing for motor replacetnents aid retirements, the motor population will increase approxi- 
mately 2.5 percent anriually. The numher of energy-effjcient motors being sold is also 
increaing. Energy efficiency is defined by the National Electrical Manufacturers Asso- 
ciation (NEMA) standards provided in the association’s Stundards for  Motors and 
Generutors, &so known as NEMA MG1 (NEMA, 1994). In the most recent revisions 
to MG 1 in October 1994, NEMA defines minimum efficiencies for energy-efficient 
motors in Table 12- 10. These efficiency levels are equivalent to those formerly de- 
scribed in Table 12-6C. In prior versions of MG1, this table was merely a s u ~ ~ e s t e d  
stanharcl forfuture design and NEMA set lower, minimurn levels for energy-efficient 
motors (originally Table 12-6B, then renumhered to 12-9 in 1993). NEMA eliminated 
Table 12-9 in the most recent revisions to MGI, aid Table 12- 10 became the current 
stanclard. Unless otherwise noted, in this report ai energy-efficient motor is defined as 
a motor meeting the current NEMA 12- 1 0  standard. 

Of motors currently in production aid listed in the Jaiuary I994 version of MotorMas- 
ter@’l computer software that lists nearly all motors available in the U.S.), 44  percent ‘ 

meet NEMA’s 1994 efficiency stanclard. An additional 12 percent of the motors meet 
the former 12-9 standard. In 1990, EPRI estimated that, of all 5 lip motors sold, about 
20 percent met NEMA’s 12-9 stanilarcl. By the year 2000, EPRI estimates that motors 
meeting NEMA’s Table 12-9 stanclarcl could account for about 65 percent of new nio- 
tor sales (EPRI, 1992). National statistics on tlie market penetration of.motors meeting 
NEMA’s current, more stringent efficiency staticlard are not availahle. However. esti- 
mates indicate that about one-third to one-half of the motors sold that meet the 12-9 
standard also meet NEMA’ s newer standard. Market penetration of energy-efficient 
motors also varies significantly hy region. Fryer and Stone (19%) estimated that en- 
ergy-efficient motors had a 25 to 30  percent share of new motor sales in four New Eng- 
land states that have aggressive utility rebate programs. 

Because of tlie low turnover in the motor population, energy-efficient motors account 
for only a sLndal3 fraction of all operating motors. In a 1993 survey of motor repair 
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shops, the median shop reported tliat less than 5 percent of the motors they repaired ex- 
ceeded NEMA 12-9 (Schueler, Leistner, and Douglas, 1994). Only one shop in 15 re- 
ported that energy-efficient motors accounted for at least 25 percent of their work. 
Surveys of installed motors in inclustrial settings and industry experts place penetration 
rates of energy efficient inotors in 1989 at under 5 percent of the installed motor base 
(Naclel et. al. 1991). 

Utility rebate programs have increased the share of energy-efficient motors in the IIKE- 
ket. hi 1993, more than 160 utilities in over 30 states offered new motor rebates or 
other incentive programs. In 1994, several utilities have moved to eliminate or reduce 
motor rebates in response to the higher federal efficiency standards and inereaed util- 
ity competition. Where motor rebates are available these programs encourage motor re- 
placement over repair. Utility rebates move the point where it is more cost-effective to 
replace a motor thati repair it tl) higher horsepower. The effects of rebates on the 
repair/replace decision on motor sales are strongest on motors under seventy-five 
horsepower. Smdler shops feel particvlarly hard-hit since they are more likely to re- 
pair sinall motors and le'ss likely to sell new motors or have large motor stocks avail- 
able. Smaller shops are also not able to compete as successfully for sales of new 
premiurIi-efficiency motors. Manufacturers offer list-price discounts to distributors 
baed on annual sales. Larger volume shops can sell motors at lower prices. If current 
trends continue, utility motor rebates will become less common, arid will play a less 
significant role in motor buying decisions. 

Although most utilities in the United States, with the exception of Virginia 
Power/North Carolina Power (VP). currently do not run programs to improve and en- 
courage motor repair, interest in such programs is growing. For example, Canadin 
utilities have initiated iin aggressive program tt) encourage rewind shops to adhere to 
rigorous quality stantlards. As a consequence of the Canadian efforts aid recently com- 
pleted assessments by the Electric Power Research Institute (EPRI) and the Boimeville 
Power Administration (BPA), repair shops have hecome more interested in stsategi 
for niaintaiiihg energy efficiency during repair. The motor repair industry views th 
interest in energy-efficient repair as a way to maintain market share. 

Why Are Bepairs and Rewinds Important? 
More motor horsepower is repaired than sold each year. I n  1993. 2.25 million new mo- 
tors over 5 hp (totaling between 75 ruicl 100 million hp) were sold in the Uilited States 
(EPRI, 1993). In the same year, between 1.8 and 2.9 million motors over 5 lip (totaling 
over 200 million hp), were repaired (Schueleret al. 1994). Although the sane number 
of motors was repaired as was bought new. siiiall horsepower motors were much 111 
likely to he replaced arid larger horsepower motors were inore likely to be repaired 
According to a 1992 study, 33 percent of all failed motors in the New England Region 
were rewound and repaired, and an additional 9 percent were replaced with used mo- 
tors . In contrast, 90 percent of motors over 50 hp are repaired (Fryer and Stone, 1993). 

Improperly repairing and rewincling motors can decrease the efficiency of individual 
motors by up to 5 percent. Estimates of the average reduction in efficiency after repair 
associated with current practice range from 0.5 tc 
on 1 percent. However, effkiency decreases are 
sequences of repair or rewinding. Case studies of rewound motors have shown cle- 
creased efficiency to  be linked to specific shortcuts, errors, or parts substitutions. 

In absolute tenns, a 1 percent decrease inay appear inccmequentjal, hut when the num- 
~ ber of repairs and motor operating hours are taken into account, the potential energy 
aid dollar savings are significant. I f  all the motors under 500 horsepower repaired in 
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I993 had been repaired with no efficiency losses. motor electric eneroy use woulcl 

paired motors currently in operation had been repaired with no decrease in efficiency, 
savings would be about 2,000 aMW, roughly equivalent to the output of two large tlier- 
mal power plants. 

Maintaining energy efficiency during repair usually improves motor performance aid 
reliability after repair, significantly contributing to the productivity and coinpetitive- 
ness of motor repair customers. And because motors whose efficiency hi&$ decreased 
by more than 5 percent cluriiig repair are more likely to fail early, maintaining energy 
efficiency may also save the cost of early replacement. By working with the motor re- 
pair industry, utilities can provide infomiation and services critical to helping indus- 
trial and commercial customers manage their energy use and improve productivity. 
Provicling these typeh of services and eclucation will become more essential as the util- 
ity industry faces increasing competition for customers. 

have decrc~asod by between 200 and 700 average megawatts (aMW) .f a year. If  all re- 

Quality Motor Repair and Energy-Efficient Performance 
At its most basic level, the goal of“energy-efficient” repair of motors is to return the 
motor to original manufacturer specifications in a manner that does not decrease effi- 
ciency. Although maintai~ung energy efficiency during motor repair is a process con- 
sisting of many small steps, there are two major elements of the process: 

H avoiding the shortcuts, errors, parts substitutions. and other practices that decrease 

H diagnosing potential sources of decreased efficiency by appropriate testing before 

It is not surprising that the Caniulim utilities, whjch lead efforts to reduce efiiciency 
decreases during repair, have found a strong link between shop quality assurance ef- 
forts and the likelihood that motors will he repaired without decreasing efficiency. To 
emphasize this critical link, Canadian utilities refer to their programs as quality motor 
repair arid their goal as quality motor repair. By encouraging arid supporting quality as- 
surance and quality repair, efficiency losses cai be reduced and the reliability of re- 
wound and repaired motors improved in a manner that delivers energy savings ruid 
supports a strong motor repair industry. For many motor repair customers and utilities, 
the improved reliability and related productivity gains associated with quality repair 
are more compelling tlim the energy benefits. 

efficiency, and 

and after repair. 

2 An “avenge megawatt” (aMW) is equal to one megawatt of capacity produced continuously 
over the period of one year. (1 megawatt x 8,760 hours in one 365-day year) = 8,760 
megawatt hours or 8.760.000 kilowatt hours.) 
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Organization of this Guidebook 
Section 2 outlines the motor repair market in tlie United States. The section describes 
the structure of the iiiclustry the factors that influence decisions to repair/rewind, aid 
die criteria used to select a specific motor shop to clo the work. This section also 
sunmarizes recent research and technology trends and market changes influencing 
quality repair. A discussion of influential industry associations and motor repair stand- 
ards is included as well. 

Section 3 addresses the question, ‘‘When should a motor be repaired?” This is a critical 
question that electric utilities need to understand when advising their’customers. 

Section 4 identifies tlie barriers to quality motor repair, 

Section 5 covers the strategies and interventions utilities have at their disposal to en- 
courage quality motor repair. 
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Fact Sheets Designed for Your Use with Your Industrial and 
Commercial Customers 
Appendices A through D are reproducible fact sheets. Each covers a technical topic on 
rnotors arid motor repair. You are encouraged to reproduce these fact sheets. They may 
be used &s is or modified to include more specific local utility infomiation. Include 
thein in motor rebate application packages and distribute them during facility audits. 
Use thein as handouts 'at conferences or training events. The appendices contain the fol- 
lowing infc )nil ati on: 

Appcndix A ,  Motors andMotor Efficiency, is a primer on basic motor facts. 

H Appendix B, The Motor Repair Process, is a step-by-step description of what hap- 

Appendix C, When to Reppair-When to Replace, identifies the factors a motor user 

pens during motor repair. 

should consider when deciding when to repair or replace a failed motor. Offers rules 
of thumb for when it is cost-effective to repair a motor. 

should consider in choosing a quality motor repair shop. It includes specific yues-, 
tioits all motor repair customers should ask motor repair shops. 

N Appendix I). Choosing A Quality Repair Shop, outlines what the repair customer 

Appendix E is an annotated bibliography of important references on motors and motor 
repair. It's an important source of infoniiation fbr those interested in a inore detailed 
discussion of the issues summarized in the guidebook. 





The Motor Repair Industry 4 

There are approximately 4,100 motor repair shops in the United States. Motor repair 
shops are very stable and are often family businesses. Most have been in business 25 
years aid larger shops have longer business histories. Although most of these shops 
are independently owned businesses which are not affiliated with manufacturers, some 
mruiufacturers including General Electric, Westinghouse, and Reliance still own repair 
shops. These manufacturer-owned repair shops repair motors for all manufacturers. 

The motor repair industry is dominated numerically by small shops; however, larger 
shops have the biggest clollar share of the market as they are likely to repair more and 
larger motors. Seventy-five percent of the shops had 9 or fewer employees, aid these 
smaller shops repaired 45 percent of the total motors and 25 percent of the total horse- 
power (Figure 3). 

hi 1993, motor repair shops repaired hetween 1 .X atid 2.9 million motors totaling over 
200 million horsepower. These shops had $2 billion in gross amual motor repair reve- 
nues, over 70 percent of the shops’ revenues from all sources ($2.75 billicm). As a 
point of reference, NEMA’S members-which are companies that manufacture procl- 
ucts for the generation, transmission, distribution, aid use of electricity-have arlnual 
shipments for all products of approximately $1W billion. 

. 

-. 

Figure 3 
Share of Motor Repair Market 

By Size of Shop 

Number of 
Shops 

0 20 40 60 80 

Percent Share 

Services Provided by Repair Shops 
Almost all repair shops provide some services other than motor repairs and rewinds. 
Ninety-five percent of shops interviewed in 1993 sold new motors. Eighty percent sold 
or serviced other electrical equipment. 

Although repair slx)ps provide other s ices, motor repair accounts for 70 percent of 
gross revenues. Non-repair services contribute a larger share to the revenues of larger 
shops. In shops employing more than 50 people, motor repair generates 50 percent of 
gross revenue, compared with 70 to 75 percent for smaller shops. One reason for this 
difference is that sinall shops are less likely to sell or service electrical equipment othe 
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than motors. Half the siiialler shops sell aid service equipment other tliari motors, coin- 
pared with nearly all of the larger shops. Fifty-four percent of the shops contract out 
some work. Machine work, foniietl coils, balancing, and sniall armature work was con- 
tracted out most frequently. 

Most shops &pair motors for a brc )ad spectruni of iriclustrial aid commercial clienfs. 
At the same time, many shops develop application or industry-speciiic expertise in 
which much of their business is concentrated. Smaller shops are more likely to work in 
the commercial, agricultural. and general manufacturing sectors. Luge shops dominate 
Wuispirttioii, manufacturing. aid heavy incustry sectors. This is not surprising since 
motors in these sectors are larger and more complex aid require equipment and exper- 
tise small shops do not have. 

Two-thirds of the shops provide platuiecl maintenance and iiispec tion services to  some 
clients. According to one motor repair customer, m‘my of the motors sent out for 
plumed maintenance do not get repaired. Most are sent for cleaning, inspection, aid 
balancing (Nailen, 1993). Planned maintenance accounted for 5 percent of the total 1110- 
tor service business for the median size repair shop. Large shops are more likely to 
service motors on plmiecl rotation Almpst one-quarter of the motors serviced, in shops 
with more than 15 employees are on planned maintenance. Plmiecl maintenance ac- 
counts for only 10 percent of the motor repair market. 

What the Customer Wants - Motor Repair IndMry Perspective 
In a 1994 survey (Scliueler et al.), A5 motor repair shops were asked to rate the impor- 
tance of factors their customers use to select a repair shop. The shops used a four-point 
scale where one indicated diat the factor is not important and four indicated that it is 
very impc)rtant. Ratings are suniiiiarizecl in Table 1. 

Three selection criteria were rated as very important by almost all the shops; these cri- 
teria are factors that d l  shops feel their clients value and understatid: fast turn-around 
time. quality control and reliability, and technically skille 

Three selection criteria were rated very important by about half of the respondents; 
these criteria were factors the shops feel are import understood by some of their 
customers: the range of repair services offered, the of material used, arid the 
length of the working relationship. 
the quality of materials and range ( 

- Low cost was rated very important to customers by only one-third of the shops. This 
low rating may reflect the fact that the shops’ associate low cost with poor quality; it 
may also reilect the shops’ perception of the criteria customers should use to select re- 
pair shops. It was evident in comments throughout the survey that most shop owners 
have a strong craftsman ethic and pride in getting good work out despite the rapid turn- 
around times re d by their customers. Shops understand that when a critical compo- 

returned to service as quickly as possible, regardless of the cost, 
to avoid even more costly downtime for their customers. Finally, the low rating for 
costs does not mean that shops areaot aware of the pressure to reduce costs relative to 
reppacement or that cost issues are not important to clients. Instead, it means that once 
the decision to repair is made, shops believe that clients are willing to pay to have re- 
pair done right and on time. 

shops were significantly more likely to rate 
ice as very important to their customers. 

Information and reporting dn motor repairs and training support services were rated the 
least important services to customers,. although larger shops were more likely to rate 
these factcws as more important. 



Those interviewed indicated that customers (lid not choose shops hased on their ahility 
to maintain energy efficiency cluring repair or the shops' experience repairing energy- 
efficient motors. The maintenance of energy effkiency was not introduced as a rated 
factor in [lie questionmire and none of the respondents mentioned it unaided. 

that customers seldom provide any repair specifications, much less 
or rnaintaining energy efficiency and that their clients often do not have 

the infomiation or background to identify and specify quality motor repair work. Only 
15 percent of motor repair shops surveyed indicated they very often or somewhat often 
get repair specifications beyond tlie requirement to return the motor to its original con- 
dition. Of those shops that elid report receiving customer specifications, the most com- 
mon .\pecifi'ications were for insulation levelk, varnish, winding patterns, or for meeting 
special operating conditions. Detailed specifications for motor repair of any type are 
the exception, rather than the rule. No shops reported customer specifications for main- 
taining energy efficiency. 

Table 1 
Motor Repair Shop Ratings of Reasons 
Their Customers Choose Repair Shops 

1 = Not Important 4 = Very Important 

Number of Average Percent Rated 
Factor Kesponsc~s Raring very Importunt 

Fast Turn-around time 65 3.78 82% . 
Quali I y c( )ntrol/reliabili ty 65 3.78 82% 

Range of repair service offered 65 3.52 57% 
High quality inaterials/cotiipoiients 65 3.35 55% 
Length of working relatitiomhip 65 3.32' 5 2% 

Low cost 65 3.11 32% 
Infonnation and reporting 

on repairs 64 2.56 2( 15% 
Training arid support services 62 2.40 14% 

Teclmical skills/staff expertise 65 3.7 1 72% 

Recent Developments 

New Reseurch Inilialives 

Cor~-luss Testing. Much interest tias been directed toward core-loss testing. Core de- 
fects cause local or generalized overheating in the core, which tilay increase energy 
losses and shorten wincling life. Core-loss testing is still priiiiarily used to excite the 
core electromagnetically so that local dunage like la ation kliorting could be de- 
tected as hot spots. This is certainly useful, but core- testing also holcls the promise 
trf assessing the overall health of the stator iron hoth before aid after wincling removal. 
This assessment would allow repairers to detennine tirsl if the motor wiw: worth repair- 
ing, then to document whether the combination of wincling removal and repair ini- 
proved or degraded tlie core conclithn. Both of these cleteniiinations are valuable 
iilformatic )ti  to the repairer aid customer. 

The Canadian Electrical Association and LTEE Laboratories of Quebec have been re- 
searching perfonnuice of core-loss testing usii 
stmclard electrical shop equipment; this work i 1 in progress. The Brook Compton 

o i imerc i~  ctrre-loss testers arid 



Company in Great Britain is doing related research. Little has been publishecf at this 
date, but some general facts are emerging: 

Core-loss test metliocls do not excite tli actual stator wincling 
with a rotor in place. Therefore, core losses in watts per pound, while related to core 
conciition, are not identical to losses that occur when the stator is operating in a mo- 
tor. The future may bring other tester configurations that attempt to simulate the ra- 
dial magnetic flux through rotor teeth which occurs during motor operation. 

The interlaminar core leakage is very sensitive to many conditions that can change 
quickly or inadvertently. Tliese conditions include tightness of core compression, 
impacts. exposure to corrosive or oxidizing conditions, and sinall surface scratches 
or smears from machining or sanding. 

The observed core losses may wary depending upon the design aid accuracy of the 
devices used for ineasurelnent. 

Measuring a motor’s actual core loss is only part of the challenge; assessing the sig- 
nificance of that loss level is another. Very little manufacturer data currently exist to 
identify expected or acceptable losses of a healthy stator. The acceptable level cle- 
pends not only upon weight, but on other details of the iron and core construction, 
which are generally known only to the manufacturer. 

ore icjentically to 

. 

Ongoing research may lead to standardization of core-loss test metliods, aid documen- 
tation and publication of individual motor core-loss service limits. 

Innovative Wire Enu 111 m:uiy applicatio&, very large savings ~ ; L I I  he reapeti hy 
varying motor speed a variable freyuerlcy (!rive. Mo&m clrlves place great deal 
of voltage stress on winding insulation because of the way they simulate the AC volt- 
age wave. Instead of a rising and falling sine wave, they work somewhat like a digital 
audio recording. Voltage is switched or pulsed fully on or off approximately 20,(X)O 
ti~ries per second. Because of the finite speed of electric current, a sharp pulse reaches 
the first turn of a coil before it reaches the rest. This causes a high turn-to-turn poten- 
tial that can cause the thiii enamel wire insulation to fail. 

Products are being developed to adchess this sort of turn-to-turn failure. At present, 
they generally involve better enamel insulation or heavier coatings. The film build-up 
in wire film insulation comes in different tllicluiesses-single-huil~l, heavy build (for 

. double-build) and triple-build are some examples. NEMA standards prescribe film 
thickness for a given conductor diameter. As new products become available, choice of 
film thickness may reduce turn-turn failure. 

Coatings with other inaterials might yield better mechanical strength or corona resis- 
tance. The extra thickness of film coatings in current use, which may offer a partial so- 
lution to turn-to-turn failure, displaces space for copper in the stator slots. Motor and 
wire manufacturers and motor repairers are working to find optimal solutions to this 
problem. 

Technology Trends 

Muchinr Winding. Many new motors are factory-wound by machines that insert coil 
in the slots. These machines generally use a concentric arrangement of coil groups 
which some shops find more difficult to prepare or insert. Also, the machines often 
achieve a tighter slot fill than manual methods can. 
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Machine insertion is not practical for motor shops because the machines have to be de- 
signed and confi~wred to a specific single product line. Machine insertion is part of the 
reparability issue. Repairers aid sophisticated motor users are asking maiiufacturers to 
build a motor that can be repaired to factory perfonnance. 

,Tho13 Eyuipwnt. The equipment used for repairing motors has clirtligecf little over 
rnariy years. I t  reinains a process of manual labor wh5re craftsmanship and an abun- 
tlance of practical experience are essential for product quality. Arid niuch of a repair 
shop’s work does not seem readily adaptable to more niotlern methods; the microcom- 
puter has not even made it  into nhny shops. 

As a counterpoint, sonie in the repair industry feel repair methods are indeed amenable 
to modernization. They maintain that more inventive energy should be applied to the 
challenge. Significant advances have certainly been made in testing methods and equip- 
ment. Commercial core-loss testers are one example. Surge comparison testers have he- 
come a valuable tool for perfoniiing a variety of diagnostic and verification tests. 
Many shops have upgraded their pply capability by constmcting variable volt- 
age transforniers from surplus wo r induction in( ) t ors. Sopli s ti c ated c( 1111 puter- 
ized vibration monitoring equippent is being used in some shops for rotor halancing 
equipment and for bearing diagnosis and even electrical diagnosis. 

Much of the equipment developed in recent years has improved the potential for a 
good diagnosis aid quality repair, but innovations for saving labor are sorely needed. 
One teclmology that has the potential r labor saving is infonnation technology. A fre- 
quently updated on-line or diskette ba d data file on motor rewincling iilfonllation is 
needed. Much time is wasted by repairers figuring out a motor’s existing configura- 
tion, e.g., bearing types; winding patterns, turns, gauge; acceptable core losses, no load 
current, winding resistance; etc. A universal data hase of these parameters should be 
prepared for at least all motors in current and future production. 

Motor Repair Industry Trends 
The motor repair industry is in a state of transition. In a 1993 meinher survey spon- 
sored by the Electrical Apparatus Service Associatjon (EASA), the priinary industry - 
association of the motor repair industry, almost 75 percent of those surveyed reported 
their protitabil@y hmd decreased over the past 2 years. Shops attributed decreased prof- 1 

itahility to increasing labor costs, a decreasing niarket for repair work, high-tech speci- 
fications, increasing costs for meeting govermnent regulations, and customers with 
more sophisticated detnands for services (Brutlag and Associates, 1993). 

One reason the inarket for motor repair is declining is that the break-even point for re- 
placing rather than repairing motors is shifting to larger motors. According to Mehta 
(1994), the shift in the repair/re~lace-c~ecision point appears to be driven by increasing 
repair labor costs. In high-priced labor markets such as Hawaii, the break-even point 
may be as high as 40 to 50 hip. 

The motor repair shops surveyed in 1994 mirrored these concerns. (See Schueler et ai., 
1.994). When asked to describe the major challenges facing them, shops most fre- 
quently mentioned the general slift from motor repair lo repla-cement, the eroding U.S. 
iilrlustrial base, increasing costs of complying with govermnent regulation, and increas- 
ing lahor aid equipnient costs (Table 2). - 



Table 2 
Major Challenges Faced by the Motor Repair Industry 

Survey Respondents (multiple responses u c c e p d )  
Technology change/Slift to motor replacement 

(N=li2) 
24% 

Low cost new motors 21% 
Weak ecc in( im y/Dec li tung industrial base 18% 
Envi ronnien tal/Gc we nunent regulatic ins 18% 
Increased costs for labor, equipment aid materiab 16% 
New energy efficiency stantlards 10% 
Competitive market 8%‘ 
Other 19% 

Repair shops are under tremendous pressure to reduce costs, improve quality assurance 
and techmical services, aid reduce lead times. At the same time, the mix of motors that 
shops are asked to repair is changing with increased market penetration of energy-effi- 
cient motors. 

Motor Repair Industry Associations 
Several organizations exert strong influence on motor repair practice and standards. In- 
dustry associations and standard-setting organizations are allies for utilities interested 
in improving the quality of motor repair. This section outlines key players and re- 
sources. Much of the material here is extracted from the Electric Motor Systems 
Source Book (EPRI/BPA/DOE, 1993). 

Electrical Apparatus Service Association 

The primary industry association in the motor repair industry is the Electrical Appara- 
tus Service Association (EASA).. Slightly under half (47 percent) of motor repair shops 
are members. Eighty percent of medium-sized shops (with 10 to 50 employees), which 
are the backbone of the motors repair industry, are members. EASA is not as well-rep- 
resented among smaller shops (those with 10 or fewer employees) and very large 
shops (over 50 employees). Shops with membership in EASA repair 65 percent of to- 
tal motors and 75 percent of total horsepower. The re-ason: much of the nation’s motor 
repair work is done by the mecli.uum-sized shops that make up the majority - of EASA’s 
membership. 

EASA provides its nieinbers with publications, computer programs, and training semi- 

puhlications include fact sheets and technical notes on hest repair practices arid exten- 
sive databases of rewind specifications. Its computer programs cover such topics as 
motor redesign, winding, and turn calculations. EASA also sponsors research, such as 
the Core Iron Study, and publishes ai annual meiiihership directory listing members 
by state and city. The directory includes gotd basic information on the capabilities, 
services, and equipment of listed shops. It is a valuable resource for locating rewind 
shops in utility service territories. 

EASA has been active in working with shops to improve motor repair practice. 
Among its recent efforts is the EASA - Q: Quulity Management Systemfiw Motor Re- 
pair, a detailed written yuali ty management system for quality motor repair. (EASA-Q 
is discussed in more detail later in this section.) 

designed to improve the quality of their motor repair practice. The association’s 
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EASA’s national office is headquartered in St. Louis. The association has over 30 local 
U.S. chapters listed in its membership directory. Contact EASA by writing to: EASA; 
1331 Baur Blvcl., St. Louis, MO 63 132, (916) 993-2220. 

Key EASA contacts are: Wally Brithinee for engineering matters, (909) 825-7971, 
and Dave Gebhart for organizational matters, (3 14) 993-2220. 

National Electrical Manufacturers Association 

NEMA is a iion-profit association of manufacturers of electrical apparatus aid sup- 
plies. It has more than 6(X) member companies that manufacture products for the gen- 
eration, tratismissioii and distribution, control, and end-use of electricity. One of its 
primary missions is to develop stamlards for products using electricity. NEMA devel- 
ops and publishes many of the standards pertaining to motors and drives, and it col- 
lates statistics on motor sales and other issues. NEMA standards are intended to assist 
users in the proper selection and application of motors and generators. They provide 
guidance on perfonnance aid construction, safety, a id  testing procedures, and they are 
used tcpdetennine which motor efficiency levels are deemed energy efficient. Contact 
NEMA by writing to: NEMA, 2101 L Street NW, Suite 300, Washington, DC 20037. 

Institute of Electrical and Electronics Engineers 

The Institute of Electrical aid Electronics Engineers (IEEE) is a lion-profit profes- 
sional society for electrical engineers. IEEE is a leader iq developing and disseminat- 
ing industry standards on electric motors and related materials. IEEE standards cover 
both general practices, such as energy conservation practices in general facilities, and 
detailed test procedures. The IEEE materials inost applicable to motor repair practice- 
are motor testing standards, such as IEEE Standard I12 Tesr Procedure fur Polyphase 
Induction Motors and Generators f 199 I ) .  IEEE Standards cm be ordered from: IEEE 
Customer Service, 445 Hoes Lane, P.O. Box 133 1, Piscataway, NJ 08855-1331 QNO) 

. 

- 

67 8-IEEE). ’ 

Standards and Specifichions 
Two types of stantlards are of interest for the motor repair industry: standards for mo- 
tor repair, and repair-related procedures and standards for motor efficiency testing. 
Motor efficiency testing standards, such as the IEEE Standard Test Procedures, pro- 
vide very detailed information on testing procedures, testing equipment, aid calcula- 
tions. Wiile they inform shop-tloor practice, they we designed more for use in 
laboratory settings. They do not describe when tests should he perfonnecl in a repair 
setting and what critical rcadings are. 

Motor repair standards cover ;t wide range. There is a strong framework of general 
quality assurance standards in the repair industry, as well as strong stanclards covering 
specific aspects of motor repair. The inajor weakness of these sTan&rcls is that they are 
either very general or very detailed and complex. In either case. they may not transfer 
well to the shop iloor or to the motor repair customer. Tiere ; LT~  no model industry 
standards or specifications which f tms  exclusively on the energy-related aspects of 
motor repair, with the possible exception of IEEE Standard 1068- 1990, IEEE Kecorn- 
merzded Practice fur Kepuir arid Kcwinding ($Motorsfor thc Petroleum m d  Chcwiical 
Irzdusnv. Most motor repair experts believe that existing staiiclarcls provide a sufficient 
framework, and developing new standarcls is not warranted. The critical need is to cle- 
velop tools and methods to communicate essential elements of standards clearly ald 

, 

I 
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effectively arid incorporate energy efficiency considerations in these standards. The 
1994 EPRI and BPA Model Kopair Specifications are designed to meet this need. The 

specifications. 

EPRI adBPA Electric Motor Model Repair Specifications 

The Washington State Energy Office is currently compiling Model Kepuir Spec@ca- 
tionsfor Electric Motors. The specification draws from the best of repair specifications 
currently available. These repair specifications outline recommended minimum require- 
ments for the repair aid overhaul of polyphase, alternating current (AC) squirrel cage 
induction motors. The specifications recommend procedures for inspection, winding re- 
moval, repair, testing, quality contrt d. aid documentation. These m( Idel specificatic ms 
can help'motor repair customers to communicate expected levels of perfoniiance to re- 
pair shops. The specification also includes sample fornis for submitting repairs and re- 
porting key test results. These specifications are currently in review and should be 
available in early 1995. 

For infomiation on oRtaining copies of the specifications contact the Energy Ideas 
Clearinghouse at tlie Washington State Energy Okice. 

ection clescrihes this standard and other relevant standards and 

EASA-Q Quality Management System for Motor Repair 

In 1993, EASA completed broad quality assurance specifications for motor repair shop 
operations, known as the EASA-Q Quality Management System. EASA-Q incorpo- 
rates all tlie elements of the International Standard Organizations (ISO) 9002- 1994 
Quality Management Standarci. EASA-Q covers all phases of motor repair shop opera- 
tion including management responsibilities. record keeping, process control, equip- 
ment inventory and calibration, training, safety and perfoniiance measurement. 
Certification of compliance to entry level of the EASA-Q system is detennined hy in- 
spection hy ai independent third party using a detailed check list. Level I anti I1 certifi- 
cation is based on customer survey results and warranty costs as a percentaage of total 
sales. 

EASA-Q certification is strong evidence, though not a guarantee, that a shop is likely 
to provide quality motor repair services. At this time the EASA-Q Quality Manage- 
ment S ysteni does not comprehensively address issues related to maintaining energy ef- 
ficiency during repair. However, the EASA-Q system may be updated to address these 
issues in the future. 

Some non-EASA shops report that they have developed their own independent quality 
assurance standards. These are typically developed on a case-by-case basis. These 
should he requested aid compared to the EASA stanciarcls to ensure they are compre- 
hensive. 

International Standards Organization - I s 0  9002-1994 Quality Management 
Standard 

The IS0 9002 Quality Management Standard is widely accepted in the industry as the 
framework for Quality Assurance Standards. The IS0 standard lists the essential ele- 
ments quality assurance standards should include. If a repair shop indicates that it does 
have a quality assurance standard aid procedures, other than EASA-Q, staff should be 
asked if the stariclard conforms to IS0 9002. The IS0 standard can be exceeded and 



additional elements included For exaniple, the EASA-Q standard includes additional 
practical guidelines and infomiation specifically targeted to motor repair issues. 

IS0 does have a certification process. Fees for certification can total several thousand 
dollars. As a final note. IS0 certification cloes require that all essential elements of a 
quality assurance program are in place, but does not guarantee a quality motor repair. 

Supporting Component and Testing Standards 
Quality assurance standards incorporate references to specific testing arid component 
strudarcis.cievelo~~i by industry and professional associations including Underwriters 
Lab (UL), IEEE, NEMA, and the American Bearing Manufacturers Association 
(ABMA). These standards govern specific elements of the repair process and repair re- 
quirements for specific applications. Essential supporting standards include: 

ABMA 
Stariciard 7 

IEEE 
Strudarc143 

Standard 1 12 
Struitiard 522 

Standard 1068 

’ Sh(@ and Housing Fits f o r  Metric Radial Ball und Roller Bearings 

Recommended Practice for  Testing Insulation Resistance of Rotating 
Machiner?, 
Stundard Test Procedure for  Polyphase Induction Motors and Generators 
Guide to Testing Turn-to-Turn Insulation on Form- Wound Stutor Coils 
for Alternating Current Rotating Electric Machines 
Kecohmended Practice for  Repair and Rewinding ofMotors for the 
Petroli2um und Chemical Industry 

NEMA 
Stanciard MG- 1 Motors und Grnerutors 

UL 
StruicIarci674 Electric Motors and Generators for  Use in Huzurdous Locations 
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Section 3 

Understanding When to 
and When to Replace 7 

~ 

When a motor fails, the first decision the motor user faces is whether to repair or re- 
place the motor. By helping industrial and commercial customers understand the com- 
plex issues associated with this decision, utilities can provide a useful service to 
customers while achieving energy-efficiency and load management goals. Key consid- 
erations in deciding whether to repair or replace a motor include: 

W How will the decision affect downtime? - 

Is the motor reparable? 

W Nkat are the first cost differences between repair and purchase (the first cost for re- 
pair is the repair price only; the first cost of motor purchirse is purchase price only)? 

How will the decision affect operating costs? 

0 

What are the differences in reliability for a new versus a repaired mbtor? 

What are the simple payback criteria or rate of return? 

In this section we outline these considerations and the ways in which they interact. As 
a motor-specific analysis can be time consuming, we identify rules of thumb to deter- 
mine whether a more detailed analysis is needed. Finally, we discuss specid issues re- 
lated to the repair or replacement decision for energy-efficient motors. 

‘-T 

How Will the Decision Affed Downtime? 
From the motor user’s perspective, one of the most important considerations in decid- 
ing whether to repair or replace is which option causes the longest production down- 
time. This consideration is especially important if a motor drives a critical production 
process or piece of equipment and no back-up motors are available. In industrial facili- 
ties the costs of lost production often exceed the differences in costs between 
and replace options. Out-of-service costs are also significant, though they are 
times more difficult to measure in commercial sector applications. 

Either option, repairing or replacing the motor, can be faster. A typical turnaround time 
for repairing a 50 hp motor, assuming parts are readily available and no machining is 
needed, is approximately three working days. A rush order, which commands a 20 per- 
cent premium, can decrease turnaround to two calendar days. Turnaround time may in- 
crease by a day or two for motors over 200 horsepower because of longer burn-out 
times, longer times needed for winding and other repair processes, aid the need for 
subcontracting tasks like formed coil work. 

If the user decides to replace the motor, the primary issue is whether the replacement is 
in stock and available off the shelf. Most general purpose open drip-proof (ODP) and 
totally enclosed fan-cooled (TEFC) motors under 100 lip are usually available off the 
shelf. Non-specialty motors between 100 and 500 lip are often in stock at the 



20 

manufacturer and can be rush ordered and delivered by rail in two to four working 
days. Specialty motors (low-speed, vertical, high-slip, wound rotor, and multi-speed 
motors) and motors over 500 hp are less likely to be available either at the motor clis- 
tributorship or at the manufacturer. They may take up to several weeks to replace de- 
pending on the specification. Tliese motors also fall outside the categories affected by 
efficiency legislation and most utility rebate programs, so replacements that are signifi- 
cantly more efficient may be hard to find or prove. Therefore, specialty motors are 
more likely to be repaired than replaced. 

A final factor that affects the downtime calculation is whether backup motors are avail- 
able. The availability of backup motors is facility-specific. Motor users are likely to 
keep spares on hand for critical and commonly used motors. To keep inventory costs 
down, they are unlikely to keep spares on hand for all motors, particularly larger ones. 

Time pressure is less of a factor for motors that are inspected and serviced under 
planned maintenance programs. Many of these motors are not repaired. They are 
cleaned, inspected, and balanced. Two-thirds of the repair shops offer planned mainte- 
nance services, but planned maintenance currently accounts fer only about 10 percent 
of the motor repair market. Nevertheless, the market share for planned maintenance is 
increasing. 

-. 

Is the Motor Reparable? 
Almost any motor that has failed can be repaired. The real question is, “At what cost?” 
The majority of motor failures consist of seized bearings, winding burnout, and broken 
fans. These problems usually require routine repairs. They are not typically fatal; that 
is, they do not require that the motor be replaced. Life-ending failures are much less 
frequent, These failures include such problems as holes melted in the stator core, 
cracked rotor bars, and bent shafts, although in many cases even these problems can be 
repaired. The costs for machining or restacking cores may be prohibitive, however. 

Except in extreme cases, it is difficult for untrained persons to determine by casual in- 
spection whether the problems of a failed motor are routine or serious. In many cases, 
determining whether a motor is reparable cannot be made without dismantling the mo- 
tor. As a courtesy to customers, repair shops have historically provided this service at 
little or no cost.. The cost of providing this service, particularly if a motor is not re- 
paired or is repaired elsewhere, is a growing burden for shops: As a result, many 
shops now charge for clisassembly and testing; cost ranges from $75 to $400 depend- 
ing on frame size. If the other economics of a repair decision are marginal, the com- 
plexity of the required repair may be a deciding factor. I 

What are the Firsi Cost Difierenees 
Between Repair and Purchase? 
The difference between the cost of buying a new motor and cost of repairing and re- 
winding an existing motor is the second biggest factor influencing the repair/replace 
decision. This difference is not uniform across motor size and type, however. Consider- 
ing only first cost, it is more economical to repair than to replace larger horsepower 
motors and specialty motors. 



The Impad of Horsepower on First Costs 

For non-specialty motors under 10 hp, it is more expensive to rewind than to purchase 
new. However, the cost to rewind a 100 hp motor is about one-third the cost of a new 
motor. To illustrate this, we have compared the rat@ of rewind costs to new purchase 
price for 1800 RPM TEFC T frame motors using data from Vaughen’s I994 Rricing 
Guide (Figure 4). In this example, new r ccists include a dealer discount. Two re- 
wind, options are examined: a minimal d, and a rewind that includes some minor 
additional repair work (furnishing and installing two standard bearings and nine new 
leads). The second option is more common (Lammers, 1994). The point below which 
it is more costly to replace rather than rewind a non-spcialized motor is between 5 
and 10 hp (Vaughen’s, 1994). If any additional repairs are needed, this point is be- 
tween 10 and 20 hp. 

Motors are often not repaired unless repair and rewind costs are less than 50 to 75 per- 
cent of the cost of a new motor. The energy savings realized from buying a premium- 
efficiency motor over standard efficiency combined with utility rebates shifts the 
replacement break-even point to larger horsepower motors. However, price premiums 
for new specialty motors move the break-even point to smaller hp 
economical to rewind larger horsepower motors because new motor costs increase 
much more quickly with horsepower than rewind cost. A new 500 hp, 1,800 rpm, 
TEFC motor costs 30 times what a similar 25 hp motor costs. However, rewinding a 
500 hp motor is only 10 times the cost of rewinding a similar 25 hp motor. 

Industry observers report that the break-even point for purchasing new motors is shift- 
ing to larger motors (Mehta, 1994). There is some consensus that this trend will con- 
tinue because of increasing labor cost for motor repair. New motor costs are also 
expected to decrease because of offshore production in Mexico and elsewhere and de- 
creases in tariffs. In some high labor cost markets, it is now common to automatically 
replace instead of rewind motors up to 50 hp. 

, 

, 

Figure 4 
Rewind and RewindlRepair Cost as a Percent of New 

Motor Cast - 1800 RPM, TEFC Standard Efficiency 
Motors 
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source: vaughen’s 1994 
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The Impact of Motor Type and Speed on First Costs 

The costs of rewinding or purchasing also vary significantly by both motor type and 
speed. As with horsepower, the price premium for new specialty motors is signifi- 
cantly higher than the price premium for rewinding a specialty motor. For example, on 
average, it will cost 5 to 15 percent more (depending on horsepower) to rewind a 3,600 
rpm motor than to rewind an 1.800 rpm motor. A new 3,600 rpm motor will cost be- 
tween 5 and 25 percent more than a new 1,800 rpm motor. The differences for 
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specialty motors are more striking. It costs 10 to 30 percent more to rewind a specialty 
motor. However, a new specialty motor i 
motor. These price premium multipliers 
prices will vary depending on local wage rates, dealer'and repair discounts, and the spe- 
cific repairs required. 

First costs dominate the repair/replace decision for larger and specialty motors. The 
cost differences in absolute tenns for individual motors over 50 hp Are significant-at 
least $2,000 and up to $20,000 for specialty motors. We have summarized absolute 
cost differences by motor type and horsepower category (Figure 5). Utility rebates for 
motors over 100 hp, which range from $6 to $8 per horsepower, are unlikely to have 
significant impacts on the decision to repair or replace. Few utilities in the United 
States offer rebates for motors over 200 hp. Once the decision. to replace is made, re- 
bates can significantly influence the economics of the choice between replacing the 
motor with a premium-efficiency or a standard-efficiency model. 

Figure 5 
Average Dtterence Between New Motor and Standard Rewind Cost For 1800 RPM 

Motors by Motor Type and Horsepower 
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Final costs to include are additional installation costs that a motor change may entail. 
If the speed, horsepower, or frame (a newer T-Frame replaces an older U-frame, for ex- 
ample) changes as part of a motor replacement, changes in wiring, new mounts, belts, 
pulleys, or other installation modifications may also be required. These costs also 
should be factored into the decision to replace a motor. 

How will the Decision Affect Operating Costs? 
Operating costs can be affected by any changes in energy use caused by repairing a 
motor or switching to a new motor. The sources of the difference in operating costs 

fficiency level caused by repair or by changing to a new motor with 
y level than the old motor (from standard to premium-efficiency, 

- I  
for exaniple). 

Chunges in Energy Use. Differences in energy cost between repairing and replacing a 
motor can be estimated with the formula: 

L .  

Equation 1: 

Energy Cost Savings = Hours of operation * hp * Load * .746 * (lOO/(ERr - IL) - 
100/ERn)*EC 

sa 



Equation 2: 

Demand Cost Savings = hp * Load * .746 * (100/(ERr - IL) - 100/ERn)*MDC*NM 

Where : 

Load = Average motor load 
ERr = Original Pre-Failure Efficiency Rating for the rewound motor. 

ERn = Efficiency Rating of the New Motor 
EC = Local energy charge (cents/kWh) 
MDC = Monthly Demand Charge 
NM = Number of months demand charge applied 

.IL = Reduction in efficiency (percent) that results from rewinding 

Incremental Energy Benefit = Energy Costs Savings + Demand Costs Savings 

Motor horsepower and efficiency data are normally found on the motor's nameplate. 
Discussions with motor laboratories concerning research in progress suggest that moni- 
tored values formotor efficiency deviqte somewhat from nameplate ratings. However, 
nameplate ratings are a good guideline. Reliable data for the hours of operation and . 
motor l d  inputs (which drive the energy use calculations) are often not readily avail- 
able. While hours of operation can be measured fairly easily, there are currently no 
low-cost field approaches for measuring motor lorid. 

Motor efficiency is generally not an important consideration for most specialty motors. 
It is difficult to easily estimate efficiency levels for these motors. Consequently, they 
are not covered in NEMA standards or regulated under the Energy Policy Act, and 
most manufacturers do not offer energy-efficient models for them. 

Motor efficiency varies by load. Motors typically run at peak efficiency near 75 per- 
cent of full load. Efficiency declines slightly as a motor is moved towards full load 
(100 percent), but it drops off very sharply below 25 to 50 percent of rated load. (For a 
more detailed discussion of trade-ORs between load, efficiency, hours of operation, 
and motor speed see McCoy et al., 1992.) 

Assuming the application and m 
between the repair and replace 
These changes can originate in three areas: 

H Motor eficiency decreases after rewind. Although case studies have shown that mo- 
tors can be repaired and rewound with no decrease in efficiency if a shop follows 
quality repair practices (Ontario Hydro, 1992), most studies report current repair- 
practices increase motor losses by about 8 percent after rewind. This decrease is 
equivalent to a decrease in efficiency rating of 1 percentage point-for motors under 
100 hp and about one half of 1 percent for larger motors (Schueler et al.. 1994; Zel- 
ler, 1994). 

r type are not changed, the energy cost differences 
s are based cin changes in motor efficiency. 

H Eflciency improvements in the overall motor stock over time. It is conventional wis- 
dom that the average motor manufactured in the 1960s and 1970s was less efficient ' 
than the average motor manufactured today, and that simply replacing an older mo- 
tor with any new motor would, on the average, increase energy efficiency. How- 
ever, this may not always be true. Historical data on the energy efficiency of 
available motor stock are not avdable for all motors. The limited data thk itre avail- 
able suggest that efficiency levels of standard motors have remained unchanged 
over the last 20 years. 

, 
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Data are wailable on the average efficiency of 1,800 rpm ODP motors for 1975 
(USDOE, 1978). When compared to 1994 data, nameplate efficiency did increase 
for those motors under 10 hp and those between 50 hp and 100 hp (Figure 6). The 
average efficiency of brands hetwten 10 and 50 hp decreased, however. Note that 
the 1994 data does not reflect the impact of the new national motor efficiency stand- 
ards, the regulation aspects of which will not be completely in effect until 1997. Mo- 
tor purchasers may not see any efficiency gains from immediately buying a new 
motor. 

. 

Figure 6 
Average Motor Stock Efficiency By Year 
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Energy-Eficient Motors. What has changed since the 1970s is the market penetration 
of energy-efficient motors, particularly for larger motors. Since 1987, sales of energy- 
efficient motors (those that exceed NEMA Table 12-9) has grown by 8 percent for mo- 
tors of l to 5 hp, l l percent for motors of 5 to 20 hp, 18 percent for motors of 21 to 50 
hp, and16 percent for motors of 50 to 200 hp. (NEMA 1994) 

The Decision to Rewind or Upgrade to an Energy-Efficient Motor. The decision many 
utility customers face is whether to rewind a failed motor or to take advantage of a util- 
ity rebate program and replace it with an premium-efficiency motor. If the motor in 
question is at the end of its life and the application is amenable, rebates make upgrad- 
ing to premium-efficiency motors an attractive option for motors of any horsepower. 
If the motor can be rewound, motor rebates are more likely to encourage customers to 
replace motors between 25 and 60 lip. In effect, rebates increase the break-even point 
for replacement versus repair by 10 to 20 hp (Figure 7). 
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Figure 7 
Repair vs Replace with Premium-Efficiency Motor: First Cost vs 
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The potential impact of rebates on replacement of motors over 150 hp is limited, how- 
ever. As is shown in Figure 8, energy benefits rise more slowly than the difference in 
first costs between a new motor and rewind. In the figure we compare two years of en- 
ergy benefits that result from replacing a 1,800 rpm TEFC motor with a premium-effi- 
ciency model with the added cost of buying the new motor. The energy cost savings 
depend on the motor load, the hours of operation, and the energy and demand charges 
the user faces. We calculated the impact of rebates given both 3,000 and 6,000 hours 
of operation, a load factor of 0.75, and average national industrial rates ($.05/kWh and 
$9.OO/kW). The use of two years of savings lis a proxy for a two year payback. 

Figure 8 
Repair vs Replace with Premium Efficiency Motor: First Cost vs 

Two Years of Energy Savings - Motors 75 hp and over 
25000 1800 RPM TEFC Motor 
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When energy savings and additional purchase costs alone are considered, motor users 
can realize a payback period of two years or less when they replace motors of up to 25 
hp. When a typical utility rebate is included, the break even painthcreases to 50 hp. 
For motors over 75 hp, the motor user would save mwe by repairing or rewinding. 
With higher energy costs, more complex repairs, and longer hours of operation, the 
break-even point could increase to as high as 100 hp. Lower utility rates, reduced 
hours of operations, the absence of utility rebates, and special motor characteristics 
could drive the decision to replace down to those motors of 5 to 10 hp. 

What are the Differences in Refiabilitp 
for a New Versus a Repaired Motor? 
Which approach most reduces the likelihood of future motor failure? Claims conflict. 
There is little empirical data to make a case one way or the other. Repair shops claim 
they routinely upgrade insulation from Class A or B to Class F during rewind. This re- 
duces the likelihood of premature thermal aging, However, if other elements of the re- 
pair are poor quality, the user will not see these benefits. 

Motor salespersons argue that the overall quality of new motors is more consistent. 
But, there is a significant difference between the top and the bottom of the line. Stand- 
ard efficient bottom-of-the-line motors generate more heat than energy-efficient mo- 
tors and can fail earlier. Also, the cooling fans on energy-efficient motors have lower 
heating loads than standard-efficiency motors but are not down-sized proportionately. 
Energy-efficient motor fans often have more margin in them relative to the lower 
losses. Fans on energy-efficient motors can be designed smaller than fans on standard 
motors because they have less heat to dissipate. AU of the potential for downsizing is 
not always used, which can result in some slight oversizing compared to design re- 
quirements. This extra margin can improve heat dissipation. Finally, manufacturers 
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often bundle energy-efficiency features in new energy-efficient motors with higher 
quality parts and features. These can also extend motor operating life. 

Replacing a motor does not always improve reliability. Maintenance and engineering 
staff are often reluctant to replace an old motor that is working smoothly with a new 
motor that may break down. This resistance is well founded. Failure rates for any prod- 
uct, including motors, follow a bathtub curve (Figure 9) (Nailen, 1994). Breakdowns 
and other maintenance patterns are typically high immediately after installation. Prob- 
lems decline after the motor is broken in and eventually increase again with bum-out 
and old age. If a motor is removed from service prematurely while it is in the middle of 
the bathtub cycle, maintenance problems and associated downtime and repair cost 
could actually increase. The worst possible situation is to cycle through motors so 
quickly that maintenance staff are constantly breaking motors in. 

Flgum 8 
ThoRepatrCyde 
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ofploaonbrealrdown T, 
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Either a quality rewind or an energy-efficient new motor may extend motor operating 
life. The jury is out as to which is better. Although no empirical studies haveheen com- 
pleted to verify this, it is likely that either a quality rewind or a properly specified en- 
ergy-efficient new motor has a longer operating life than a poor quality rewind or a 
standard efficient motor. 

What are the Simple Payback Criteria or Rate of Return? 
, 

Incremental cost information and energy savings estimates must be analyzed taking 
into account the specific motor user’s financial criteria or hurdle rates. Ideally, annual 
cost and benefit streams are discounted using net present value methods. Simple pay- 
back analysis offers a useful shortcut. In simplified form, the payback formula for ana- 
lyzing a rewind/energy-efficient motor replacement is: 

Equation 3: 

where \ 

PB = Simple payback 
NC = New motor cost 
IC - 
RWC = RewindRepair Cost 
u R =  Utility Rebate (if available) 
ECS = Energy Charge Reduction (Equation 1) 
DCS = Demand Charge Reduction (Equation 2) 
Downtime and reliability may be considered qualitatively. 

PB = NC + IC - RWC - UR 
ECS + DCS 

Incremental installation costs (if any) - 



Example 

A 50 hp 1,800 rpm TEFC motor has failed at ACE manufacturing. A spare motor is avail- 
able so downtime is not a consideration. The motor runs 12 to 15 hours a day (5,000 
hrs/yr) and does not appear to be significantly under or over loaded. Since the local utility 
offers a rebate for premium-efficiency motors, ACE gets a bid on a premium efficient 
model with a 3/4 load efficiency of 95 percent. The purch3se price including a 25 percent 
dealer discount is $2,550. The utility rebate is $8hp or $4-00. Local utility rates are 
$.05/kWh for energy and $9.00/kW for demand. 

The original efficiency of the failed motor, still legible on the nameplate, is 91 percent. 
After inspecting the failed motor the repair shop finds bearings need to be replaced. The 
bid on the repair comes in at $1,100. ACE is not familiar with the quality control of the 
shop. They assume an 8% increase in losses, which is a 0.72% efficiency decrease. , 

Energy Savings = 5000 hrs x 50 hp x .75 (load) x .746 x 

= $384.89 

Demand Savings = 50 hp x :75 (load) x .746 x . 

= $166.27 

(100491 - .72)- 100/95) x $.05/kWh 

(100491 - .72)- 100/95) x $9.00/kWh x 12 (months) 

Payback = $2.550 - $1.100 - $400 
$384.89 + 166.27 

= 1.9 Years 

The energy savings from replacing the failed motor with a premium efficiency motor will 
pay hack the costs of the new motor in 1.9 years. The net present value, assuming a 20 
percent discount rate and five yeass of energy savings is $928. 

i 

The “new versus rewind” compare option inMotorMaster@ conveniently calcu- 
lates simple payback. The program also provides energy cost savings formulas, new 
and rewind motor efficiency levels, and default values for rewind costs. It accepts 
more precise information from either actual bids or pricing estimates from pricing 
guides like Vaughen’s. MotorMaster@ currently does not allow ancillary and down- 
time costs to be factored into the comparison. 

Special . Issues for Repairing Energy=Efficient Motors 
The increasing market penetration of energy-efficient mptors has raised some special 
issues. Further gains in efficiency above currently available, premium-efficiency mo- 
tors are at or near the point of diminishing returns if there is no fundamental change in 
the technology. As the penetration of energy-efficient motors increases and currently 
used, stmdard-efficiency motors fail, energy-efficient motors will show up on the shop 
floor. In 1994, only 5 to 10 percent of repaired motors were energy efficient. One con- 
sequence of the increase in the number of energy-efficient motors may be that the en- 
ergy savings incentive for replacing rather than rewinding motors will decrease, and 
. rewinding may regain market share. Potential increases in rewound motors raises two 
questions: 

Cun Energy Eficiency in Rewound Energy-Eflicient Motors Be Maintuined? It can. 
In 199 1 ,  Ontario Hydro conducted a case study in which nine energy-efficient 



motors were rewound by commercial rewind shops (Ontario Hydro 1992). BC Hy- 
dro conducted a second case study in 1992 where 10 energy efficient motors were 
rewound (Zeller 1992). Both studies found that when proper procedures were used, 
efficiency was maintained. Rewinds of energy-efficient motors can be slightly more 

‘ challenging. They may require closer air gap tolerance and tighter slot fill. Some re- 
pair shops believe repairing energy-efficient motors is much more complex. How- 
ever, many of the “special” problems rep for repairing energy-efficient motors, 
such as controlling for core loss and clos rances, are in fact shared with all 
new motors. 

W Does it Cost More to Rewind Energy-Eficient Motors? Repairing a premium-effi- 
ciency motor may he 10 percent more costly than repairing a standard-efficiency 
motor because of the difficulty of tracking down non-standard parts, additional test- 
ing, and working with closer tolerance and tighter slot fill during rewinding. How- 
ever, some of these costs, such as additional testing should be incurred in the quality 
repair of any motor, standard or premium efficiency. 

Putting It All Together 
Local utility rates and the number of hours a motor operates are critical to determining 
whether to repair or replace it. To illustrate this, Figure 10 summarizes the costs and 
benefits of a rewind versus an energy-efficient replacement for a standard 1,800 rpm 
TEFC motor over eight combinations of rates and motor operating hours. The lines rep- 
resent the number of years it takes to pay back incremental costs with annual energy 
cost saving given the selected operating hours and utility rates. To use this figure, find 
theme and motor operation scenario closest to yours. Select the motor users payback 
criteria and move down to horsepower. Motors at or below that horsepower could be 
replaced rather than rewound and meet the payback criteria. 

The 3,000 hourhigh rates case is almost identical to the 8,000 hour/average rate case 
so it was not graphed. 

Payback estimates may be inflated by the simplifying assumptions used. We made the 
following assumptions: 

W Bearing replacement and other repairs were not included in rewind costs, so they are 

W Utility rebates were excluded since -they are less commonly available. 

generally underestimated 

W Assumed efficiency for the failure motor was the average 1994 efficiency of motors 
. not exceeding NEMA standard 12-9. 

W The efficiency of the repIacement motor is the average for motors exceeding NEMA 
12-9. 

W If specialty motors were analyzed, simple payback curves would be significantly 

W Motor load was held constant at 75 percent. 

higher and steeper. 

Given these assumptions, we can draw some important conclusions: 

W Motor replacement doesn’t pay its cost back in two years when a motor is operated 
under 3;OOO hours a year (one shift). 



. 
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The following flow chart is provided as a guide for the decision process. Appendix C 
takes the stages in this decision process and elaborates on each. 

Steps for Deciding to Repair or Replace a Failed Motor 

Step 1: Address Downtime Considerations 

1 

1 

1 

i 
Step 2: Assess Whether Current Motor Is Optimal forthe Application 

Step 3: Determine if a Detailed Analysis Is Needed 

I Step 4: Obtain Bids I 

Step 5: Calculate Energy and Operations Savings 



Section 4 

Barriers to Quality Motor Repair and Rewind 

Quality motor repair is a cumulative process that requires getting many small details 
right. These details include, but are not limited to: 

W Using the correct replacement bearings. 

Proper greasing. 

W Avoiding mechanical inodifications to bearings, bearing fits and seals during disas- 
sembly or reassembly. 

Avoiding overheating the core during wincling removal. 

W Protecting core laminations during repair to prevent shorts that result from sand 

W Maintaining the circular mils and number of h~ms in the windings. 

blasting, mishmding, or assembly pressure. 

Maintaining properly designed wincling patterns. 

Replacing loose or cracked conductor bars with similar parts. 

Detecting and repairing damage to end shields and bent motor shafts. 

W Maintaining the air-gap symmetry between stator and rotor. 

Many of the things that can go wrong during repair to decrease reliability and motor 
energy efficiency are subtle, and they require testing to diagnose properly. A det3led 
discussion of motor testing during repair can be found in the companion report to this 
guidebook Electric Motor Repair Industry Assessment: Current Practice and Opportu- 
nities for  Improving Customer Productivity und Energy Eficiency (Schueler, Leistner 
and Douglass, 1994). 

What are the barriers to getting these details right? Why are quality repair practices not 
as broadly implemented as they could be? Critical educational, financial, infrastruc- 
ture, and technical barriers need to be eliminated. The most critical are highlighted 
below. 

/ 

Educational Barriers 
Motor repuir customers do not recognize quality motor repair and seldom ask for it. 
Customers seldom provide shops with repair specifications, much less specifications 
for quality repair or for maintaining energy efficiency. Customers need tools to 
identify: 

The elements of a quality repair. 

W The challenges faced by repair shops and what shops need from the customer to 

The value of paying for higher levels of service and efficiency. 

provide the best repair. 
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How to get higher levels of service from shops, particularly how to get motors re- 
wound, without reducing the motors’ efficiency. 

Many repair shups do nut know how to maintain energy eficiency during repair. 
Many shops do not appreciate or understanding the value of maintaining energy effi- 
ciency. Some important misunderstandings include: 

Energy-efficient repair practice is only important in repairing premium-efficiency 

Premium-efficiency motors are significantly more costly and more technically diffi- 
cult to repair than standard-efficiency motors. 

Core losses from bum-out practices are the & important source of decreased effi- 
ciency, and controlling bum-out is the only important loss prevention strategy. 

A significant number of repair shops, especially smaller ones, are not aware of repair 
practices that may reduce repair quality. Problem practices include changing winding 
configurations without adequate redesign, removing windings with high bum-out tem- 
peratures, and inadequate testing practices. 

motors. 

Financial Barriers 
Quality repair can take mure time. Motor repair shops are often under tremendous 
pressure to get motors repaired and back on line, particularly if the repaired motor is 
‘ critical to the customer’s operations. Conducting thorough motor diagnostics before 
and after repair, finding tnatching parts,and wire, and re-engineering winding configu- 
rations precisely may take time that the shop may not have been given by the cus- 
tomer. Motor repair shops must balance the customer’s need to have motors repaired 
as quickly as possible with the time requirements needed to do the job right. 

Quality repair costs more. Quality motor repair practices can be expected to increase 
repair costs by up to 10 percent. Sources of increased costs include additional equip- 
ment and labor for testing and for controlling burn-out, and increased inventory costs 
for maintaining adequate stocks of parts and wire. Quality assurance programs may 
also have significant start-up costs for certification and registration. For example, IS0 
9000 registration and follow-up certification may cost several thousand dollars per site. 
There are also significant investments required for measurement, benchmarking, and 
internal information sharing that are an essential part of total quality management ap- 
proaches. 

Working with small shops in an industry in transition. Anyone making an effort to 
work with the motor repair industry must acknowledge that the industry is under pres- 
sure from declining profit margins, increasing labor costs, and the declining manufac- 
turing base in the economy. Shops will resist efforts that rely on more government 
regulation and mandates. Additional mandates could weaken the industry. 

Numerically, the industry is dominated by small shops that have low repair volumes, 
work on smaller horse power motors, and have small staffs. These shops are the least 
likely to have the right equipment or training for quality repair and are the least able to 
afford it. Requirements for more equipment and testing, and for maintaining larger 
stocks of spare parts could hrwe the indirect impact of driving smaller shops out of the 
repair business. Large investments to’improve equipment and operating practices in 
small shops may not he justified because of small business volumes. 
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Inf P ast ruct uae Barriers 
Manufacturers’ motor specijications are ofen unavailable or inaccessible. Shops re- 
ported that winding data were not readily available for 30 to 40 percent of the motors 
they repaired. Specifications for bearings, fans, and lubricants are not accessible in a 
timely fashion from all manufacturers. These specification critical for returning 
the motor to its original condition: In some cases, this information can be reverse- 
engineered, but this practice is time-consuming and can be inexact. 

Data availability varies considerably by manufacturer. Manufacturers do not have a 
strong incentive to provide these data and make motors more repairable. Some con- 
sider the data to be proprietary and are reluctant to release it. Others consider the data 
to be a salable commodity and charge for it. Although motor end-users expect larger 
motors to he repairable, new motor customers do not stress ease of reparabilify when 
purchasing motors. Further complicating this situation is the absence of a system to ’ 
provide repair specifications to shops in a timely manner. 

Parts and wire sizes are not available locally. Small and mid-size shops reported diffi- 
culties keeping complete stocks of wire sizes and bearing types on hand. Costs for 
keeping large inventories of seldom-used wire sizes and bearings can be prohibitive. 
Shops will use substitutes if the correct sizes or types are not available. 

Tools and equipment for winding and winding redesign are not available. Even with 
good winding data and the right wire in stock, shops change winding patterns without 
proper redesign. Not all shops are aware of the potential reliability and efficiency im- 
pacts of changing winding configurations. Small and medium-sized shops often do not 
have the equipment to test the impacts of alternate wi6ding paths, nor the tools to prop- 
erly redesign winding if the pattern is changed. In a recent survey, 15 percent of shops, 
mostly small volume operations, noted they changed winding configurations because 
of equipment limi rations. 

Technical Barriers 
Winding removal strategies that do not damage motor cores are needed. Most wind- 
ings are removed by burning them out in ovens. Motors that have been rewound pre- 
viously pose even more challenges because of the numerous dips, bakes, and epoxies 
used. Almost 40 percent of the shops surveyed burned out cores at temperatures of 750 
F or more, which can cause core damage. Forty percent of the shops did not have 
water suppression systems, most temperature controls were not frequently calibrated, 
and few shops placed temperature sensors in the motor cores. However, this problem 
may be less severe for new motors with cores made with C-5 steel which is less sub- 
ject to overheating problems. 

Lack Of Standardized Designs. Shops reported that one of the biggest barriers to re- 
turning motors to their original condition was finding parts and wire for motors using 
non-standard components. The diverse number of wire sizes, bearing types, and other 
motor coinponents that a motor repair shop must work with is very challenging. There 
has been some movement towards more standardized motor designs in the European 
motor market in response to this problem. 

Comprehensive data on the magnitude and sources of increased losses after motor 
repair and the costs and effectiveness of remedies is needed. Little comprehensive 
research has been done to associate the magnitude of efficiency decreases with specific 
motor repair practices and to understand how these practices interact. Existing studies 
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have very small sample sizes and are restricted to small horsepower motors. Key ques- 
tions that need further investigation include: 

Are the efficiency decreases for large motors of the same magnitude as those for 
smaler motors? Are the problem practices as common in the repair of larger motors? 

I What are the efficiency and performance iniplications of specific problem repair 

I How effective are alternative strategies for reducing core loss during bum-out (oven 
calibration, water suppression systems, and alternative bum-out regimes) and for di- 
agnosing core losses'! 

reliability and perfommce? For example, does using smaller wire size significantly' 
impact repair life'! 

I What are the incremental costs for specific repair practices that maintain efficiency? 

practices? 

I How much do specific repair practices that maintain efficiency contribute to motor 
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Strategies for Encouraging Qualily Motor Repair 

Working with repair shops ami motor customers to support quality motor repair pre- 
sents a competitive opportunity for utilities. Utiliti 
industrial customers with valuable iilfonnation an 
and improve pmclucti y encouraging and su ciency-poor repair prac- 
ity repair, efficiency 1 r repair can be reduced, and the reliability of 
repaired and rewounc vecl to deliver energy savings aid support ;i 
strong motor repair industry. Tlik section identifies strategies for encouraging quality 
repair and developing tlie utility partnerships that will he crucial for carrying them out.  

can provide key couiinercial and Improve transmission 

The.Overal1 Strategy: Market Transformation 
Past attempts t o  encourage energy-efficient tecluiology and practice tluough utility de- < 
mand-sick management (DSM)progranis have focused oii retail approaches-pay- 
iiiaits of incentives ruid rehates to individual cuslomers. The growing pressure on 
utilities t o  keep near-term rates low in tlie frice of increasing tleregulalion and competi- 
tion Inems that utilities are less willing or able t o  invest in these efforts. Utilities must 
plan investments strategically. In response to tlie pressure to  keep rates low ami based 
on leswns learned from a decade of DSM program evaluation, tlie DSM paracffm is 
shifting towards market tsruisfonnation models. Market transfonnation is not merely a 
new name for old programs. Market tsruisfomiatioii efforts accelerate tlie adoption of 
new techuiologies and practice by providing education and labeling, supporting codes 
ruitl smitlards, and targeting incentives at tlie wholesale and industry Ltssociation lev- 
els. See Felchrian (1094) and Nrtclel and Geller (1994) for a more detajled cliscussion of 
niarkef transfonation approaches. 

Trmsfoniiing the motor repair market to accelerate tlie adoption of quality motor re- 
pair practices will require a national effort involving industry, goveiwiient, and utili- 
ties. Utilities can leverage their resources by 
intergoverrunental aid interutility associatioi 
ciency (CEE). hi this section we describe w 
foniiation natioiially a i d  in their local service territories. Roles for industry and 
government are discussed in depth in die companion report to this guidebook Electric 
Motor Repuir Industiv Assmmmt:  Current Practicc and Opportuizities for Improviizg 
Custonwr Productivitl), and Eri~rgy Efficieizcy (Schueler, Leishier aid Douglass., 1994). 

rclinating strategies through 
cli ;is the Consortium for Energy Effi- 
ilities can do to support iiiarket trans- 

7, 

Working with the Motor Repair Industry 
Most shops in the motor repair industry have a strong desire to )vide timely am1 
quality motor repair services, and they are willing to work with styniers aid utilities ~ 

to that end. This is a11 importtilit point of leverage. Utilities c;ui help the motor repair in- 
dustry achieve that goal by encouraging them in five major areas: 

Support Qualip Asstlrmcr Pru~runts .  Utilities can help link energy efticiency :tiid ' 
quality repair to quality assur;tiice efforts by: 
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Collaborating with local sliops to establish a voluntary, industry-led repair shop cer- 
tification program through which shops, could earn certification hy going through 
mining, having key testing equipment on site, and iinplementing existing quaIity as- 
surance standards (IS0 9(NO or EASA-Q or equivalent). 

Suppc )rt ing and prc mi ( dng an e as y -to-recc )gilize cert i ficati t )ii 1 abel. 

Supporting quality assurance effort\ hy recognizing shops with outstanding quality 
assuriuice pn grams. 

Providing grants or financing to key sliops to reduce initial cost for IS0 a~cl EASA- 
Q certification ruicl recertification. 

Establishing a mentoring mcl training relationship with key shops if y o w  utility has 
its own well-established and effective yuality ;Lssurmce program. 

Help improve Erlucution und Traitiirr<q jbr  Motor RcpLiir Shop on Quulit?, Rqxiir Pruc - 
rice. Shop-floor knowledge of quality otor repair practice must he strengthened. To 
improve eclucation ruicl training, utiliti can take the following steps: 

Encourase development and distrihution of shop-floor orienrecl quality niotor repair 
guidebooks, training materials. aid specifications. 

Support joint training program with motor repajr industry trade associations to 
stress the importance of  niaintairliiig efficiency during repair for all rnotors. Key 
training needs are described in the Motor Reprxir Itzdustiy Assessmetit. 

Keducr the Iniriul Cost j2ir Cq?itul t isiw Tt)sting cc tzd  Kcpair Equipmoiit. Many 
shops do not have the capital rese o upgrade hum-out ovens with water suppres- 
sion systems, to purchase more advaniceti testing equipment. or to make other capital 
investments that are helpful in inaintaining efficiency. A core-loss tester alone cai cos1 
between $-1S,O(X) aid $3O,CXX). Manitoba Hyclro ran ii very effective program in which 
they offered to co-fund SO percent of the cost of a core-loss tester up to a maxiniuin of 
$lO,(X)O (Canadian $) in exchange for conimiment from tlie shops to participate in de- 
velopnient of a Qudity Motor Service Program. 

As ai alternative, utilities might consider forming a coiisoffiuni with EASA a i d  deal 
directly with core-loss testing equipment manufacturers to improve the quality and 
bring clown the price. The infrastructure for pursuing this type of niarket traiisfoniia- 
tion venture is already in place tlu-ough tlie Motors Subcommittee of the Consortium 
for Energy Efficiency. 

Support Qualip Motor Riyuir Krscui-ch. More research is needed to icleiitify the mag- 
nitude and sources of decrerLseci efficiency after motor repair aid to assess the costs 
and effectiveness of alternative strategies for uiiproving quality repair. Join one of tlie 
utility coiisortia that are investigating'these issues. There are two: 

EPRI and BPA have collaborated to fund this guidebook and the U.S. Motor Repair 
Inclustry Assessment. Future activities include developing arid testing model quality 
repair specifications, researching tlie effectiveness of quality repair practices, ruid 
cleveloping a software package to more easily clisseniinate motor specification infor- 
mation to shops-(RewindMaster). You may contact tlie Motor Challenge Infornia- 
tion Clearinghouse to obtain current iiifonmtion oii availability of this publication. 

Nine Canatliari utilities have also foniied a consortium t o  pursue joint education and 
research efforts. Canadian utilities involvecl in the Coordinated Utilities Approach 
iticlucle: Hyclro Quebec, Ontario Hydro, British Columbia Hydro, Manitoba Hydro, 
Alberta Power, Trans Alta, Nova Scotia Power, aid New Bmxwick power. Tlie 



utilities’ current projects include a rletailed analysis of core losses, a technical man- 
ual to complement existing quality staiclarcls. aid a inotor acceptance test that cus- 
tomers may use on new and repaired inotors. You may contact the Motor Challenge 
hlfoniiation Clearinghouse to obtain current ii~fomirition on availability of this publi- 
cath 111. 

Power’s Motor Rewind Clulomer 

Industv Associutions. As stated earlier. about two-ttlircls of the motor repair 
11 the United States is done in EASA afiiliated shops, and slightly under half 
repair shops in the United St 

aid interested in improving the quality 
sive training resources and certifie; shops to the EASA-Q: Quality Munu~ernent System 
for  Motor Rcyal‘r. To access these extensive training materials, utilities cai become al- 
lied inemhers. (See Section 2 for contact infonnation.) EASA has over 3U local chap- 
ters, which provide utilities with an excellent avenue for reaching motor repair shops 
ruid co-sponsoring traini!ig. Virginia Power and North Carolina Power have collabo- 
rated successfully with EASA. 

There arc independent repair shop axit hawe a strong in 
are not EASA members, Some effort iiiay be 
not EASA members, for example hy cornpari 
EASA with the iiiotor repair listings in the ye 

s are members. EASA has been very active 
motor repair. Thin association offers exteii- I 

. 

tificrition program run by EAS A 
would he more cost-effective, 
credible. and less controversial. 

Working with Motor Repair Customers 
. 

IJtilities’ greatest value to motor repair customers is in educating motor users about the 
benefits of quality motor repair aid helping them learn to  identify quality repair shop3. 
Helping motor users understand the positive relationship between quality repair and 
motor reliability will encourage them to leani inore. Utilities can also encourage users’ 

erninm tor over 3OU colniner- 
cial and industrial customers 
:md distributed EASA standx 
zuid infonnation to them. 

I awx-etiess of repair issues in the following ways: 

W Provide fact sheets to custoiiiers on how to  identify quality repair shops and the ele- 
ments of good repair. Co€lahorative point-of-sale displays stressiiig the value of pay- 
ing extra for quality repair would he useful. This is a less intensive approach than 
VP’s program. The appendices of this document are designed to be used as.fact 
sheets to assist in your eclucatioii efforts. . 

W Provide access to inrlepetident motor testing aid assesmeiits t t 9  lielp users %n&r- 
stand the repair versus replace option. 

VP’s strategy is to. educate the 
customer to+hase their decision 

isting motors on economics and 
individual inotor circuinstmce. 
An imnportant part of the recom- 
mended mnotcir replacement/re- 
pair policy includes selecting a 

whether to repair or repi. ‘LLL ’ ’ ex- 

W Support national or local efforts to  develop ai easily recognizable quality certifka- 
tion label for repair shops. 

VP also offers commercial atid 
industrial customers access to 
free inotor tesring (a  value of up 

Working with Manufacturers 
Motor mwuhcturers also have a mle in improving the quality of motor repair. Utilities 
can work directly with both motor rcpair associations and manufacturers to: 

W Encourage (hem to provide hetler ruid inore timely inforination to repair shops on include most of the major utili- 
ties in Virginia, South Crirolina. 
,and North Cruolina. According 
to the program coordinator. the 
ability of rewind customers to 
have complete ‘and independent 
laboratory data on the condition 
and efficiency of their motors 
places additional pressure on re- 5 

wind shops todo ;i quality job. 
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original uiolor design nnd tcst specifications. 

W Iinprove the infomiat ion provided in na~iieplatc data. 

Encourage them to stock replacements for custom heaIings and to m k e  them avail- 
able quickly and witljout excessive mark-up. 



Encourage more stantlarclization in motor parts and design. 

Watching Investments to Utility Benefits 
Energy Sasii ip From ImAWud Morors Arc Smcdl. Significant gains in energy effi- 
ciency are possible if quality motor repair pmctices are iiiore widely adopted. How- 
ever, these gains are male in very small increments, one motor at a time. For a 25 lip 
motor that operates one shift a day (3 ,000  liours/year), elimiiiating a 1 percent decrease 
in efticiency from rewinding saves only $50. Assuming a 1 0  percent preiiiium for qual- 
ity repair, this yields a simple payback of three years. Altliouyh this is a reasonable in- 
vestment, it is unlikely that the inagiitucle of the energy savings alone will generate 
much cleinancl from motor users for quality repair. 

Energy savings alone are also not adequate to support large price preiniuiiis for quality 
repair of small motors. To illustrate this point, we lmve plotted estimated savings from 
a 1 percent decrease in effkiency for a motor operating 5 0  percent of tlie tiine against 
estimates of national billing rates. Average national hilling rates for electrical repair la- 
bor are approximately $40 hour (Vaughen's, 1994). Macline time (for core-loss test- 
ing. etc.) is typically billed at $45/hr. The fndustiy Assessment suggests that 
incremental costs for maintaining efficiency are on the circler of an hour or two per mo- 
tor (Schueler, Leistner, and Douglass, 1994). Increased labor costs for quality repair 
are dominated by fixed costs ruid increase very slowly with horsepower. Three levels 
of increased cost ;ire plotted in Figure 1 I .  At the lowest cost level ruicl with average 
utility rates. the break-even point for quality repair based on-eiiergy savings is 25 lip. 
If quality repair takes three additional inrui-hours and tlie utility rates are low, the 
break-even point can be as high as 125 lip. 

Figure 11 

By Horsepower 
Versus lncreased Repair Cost 

(4380 Operating HoursiYr) 

Annual Energy Savings of 1 Percent Avoided Efficency Decreasa 
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Even though energy savings alone are unlikely to increase motor users' clemruid for 
quality repair, energy savings are not tlie only benefit of good repair. Quality inotor re- 
pair improves motor reliability, reduces the risk of premature failure, aid reduces 
forced downtime-costs that are signifi'icant to motor users. Working with customers to 
help them use electricity-consuriiing equipment more effectively aid productively can 
generate good will with key industrial and commercirtl customers. This gtx)ci will and a 
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Appendix A: 





here are many types of mo- Characteristics of Motors 
tors, but ccirtain things are 
common amon8 all. Nearly 
all motors have two major 
parts: a rotor and a stator. 

Each of these parts has an iron 
structure that creates, sustains, or 
responds to a magnetic field. The 
rotor is the rotating mugnetic struc- 
ture including the shaft on which it 
is mounted. The stator is the sta- 
tionary magnetic structure that sur- 
rounds the rotor. Either or both 
rotor and shaft are wound with 
wire to provide a varying or mov- 
ing electromugaetic force. 

Most motors that are large enough 
to be repaired when they fail fall 
into one of three major categories: 
thrcv-phase induction motors, 
three-phase syizchronous motors, 
or DC motors. 

Induction motors are the most commonly used motors, often called the work- 
horse of industry. They &e not always the most frequent visitor to repair 
shops because they are reliable and they are relatively inexpensive to replace 
when they do fail. Rotors of induction motors have neither permanent magnets 
nor connections to an electric power source. The varying stator ffeld induces 
electrical current in a rotor structure known as the squirrel cage (called this be- 
cause of its resemblance to the rotating exercise wheels often provided for pet 
rodents), This induced current creates complementary magnetic forces in die 
rotor. Induction motors are asynchronous, running at a speed slightly slower 
than the rotating speed of the magnetic field provided by the stator. 

Synchronous motors are most common in applications where the ratio of 
horsepower to RPM exceeds one (Le., applications requiring over 5,200 lb-ft. 
torque.) Synchronous tnotors typically have fixed polarity electromagnets on 
the rotor. They require special starting provisions. Some have an induction 
squirrel cage in addition to rotor windings so they can accelerate to near SYIE- 
chronous speed. Others rely upon a variable frequency drive. Synchronous mo- 
tors turn at an exact speed, determined by line frequency, and they are usually 
mox! efficient than induction motors of comparable size and speed. 

DC motors are powered by direct current. Individual motors ean be precisely 
controlled over a wide speed range by properly varying either or both stator 
and rotor voltage. DC motors require a commutator and brushes or some 
means to switch power to the rotor because the rotor magnetic field has to re- 
main stationary in space, thus, it rotates relative to the rotor. The commutators 
and brushes of DC motors are costly items requiring care and penodic repair. 
In many contemporary applications, variable speed AC motor/drive combina- 
tions are supplanting DC motors. These motor/drive combinations replace not 
only the DC motor, but the DC power source. 

T 



Standard Motors 
Versus Energy- 
Eiiicient Motors 
People speak of motors as either 
energy-efficient or not, but motor 
efficiency is not a bimodal feature. 
Within any given size and type of 
motor, efficiency of individual 
models varies over a continuous 
range from worst to best. The term 
“energy efficient” has only been 
formally defined for one sub-popu- 
lation of motors, albeit a large one. 
These are National Electrical 
Manufacturers Association 
(NEMA) Design A and B induc- 
tion motors from 1 to 500 horse- 
power. In its October 1994 
Revision #1 to Standards fou Mo- 
tors and Generators, NEMA de- 
fined an energy-efficient motor as 
one that equals or exceeds efficien- 
cies provided in a table currently 
labeled 12-10. This table was pre- 
viously designated as a “suggested 
standard for future design.” It bow 
is the official standard, replacing 
table 12-9 (formerly 12-6B). 

Table 12- 10 is broken down by 
horsepower, synchronous speed, 
and enclosure type (open or 
closed). Figure A- 1 shows how’ 
motor models in one large cate- 
gory (1,800 rpm; 50 Hp, TEFC) 
range in efficiency compared to 
the NEMA definition of energy ef- 
ficient, 93 percent. Nearly half of 

Figure A-1 

the motor models currently pro- 
duced are energy efficient by the 
NEMA clefini tion. 

The term ‘‘premium efficiency” is 
often used for motors exceeding ta- 
ble 12-10 efficiencies, but it is not 
officially defined by NEMA. In- 
deed motors with efficiency below 
table 12- 10 sometimes use the 
term “premium efficiency” or 
other superlatives in their model 
name or product literature. “En- 
ergy efficient” is the only official 
terminology, but even this should . 
be considered with caution. Be- 
cause NEMA raised its standards, 
many motors that were properly 
classified 2s “energy efficient” be- 
fore October 1994 no longer are. 
Individual mcK-leIs range continu- 
ously and widely. Purchasers 
should consult a comprehensive 
listing of motors and efficiency 
such as MotorMaster@, a com- 
puter program produced by the - 
Washington State Energy Office 
(WSEO), to evaluate alternatives. 

Are there side benefits or liabili- 
ties associated with energy-effi- 
cient motors:) This question is 
often asked by skeptical plant man- 
agers. Generally, higher energy ef- 
ficiency is associated with higher 
quality overall, but quality varies 
with other factors besides effi- 
ciency. Motor ruggedness and reli- 
ability vary with many things such 
as manufacturer, frame size, and 
any special service the motor was 
designed for. 

.l 

0 

All 50 HP, 1800 rpm, TEFC Motors 

Misinformation abounds regarding 
power factor, starting current, full 
load rpm, and repmbility of en- 
ergy-efficient motors. AU of these 
factors vary randomly with respect 
to efficiency. 

Power factor varies over a consid- 
erable range atnong competing 
models but it is not strongly corre- 
lated to the efficiency of those 
models. 

Full load rpm is somewhat corre- 
lated to efficiency, with energy-ef- 
ficient models averaging a fraction 
of a percent higher speed. Some 
users of pumps and fans, who 
know that those loacls demand sig- I 

nificantly more power when 
driven slightly faster, have overre- 
acted to this correlation. Actually, 
there is considerable overlap of the 
rpm range of standard motors with 
that of competing energy-efficient 
models. For motor replacement, a 
more efficient motor with the 
same or even lower RPM can 
sometimes be found. 

Contrary to myth, higher effi- 
ciency motors usually have no 
more locked rotor or starting cur- 
rent than their standard counter- 
parts. Most are built to NEMA 
Design B standards, which place 
the same upper limit on all motors 
regardless of efficiency. There can 
be a greater difference in inrush 
current, which is often erroneously 
confused with starting current. In- 
rush current is the larger momen- 
tary current surge immediately 
following contact closure. It lasts 
for less than a hundredth of a sec- 
ond, in contrast to several seconds 
for locked rotor current. Higher ef- 
ficiency motors tend to have 
higher inrush current due to their 
lower winding resistance. Because 
it is so brief, inrush current usually 
has less effect on a user’s distribu- 
tion system than the lesser magni- 
tude locked rotor current. If high 
speed electronic protection devices 
are used, the high speed trip 

’ 



current may have to be raised to ac- 
commodate more efficient motors. 

Energy-efficient motors can be' 
somewhat more difficult to repair, 
but this, too, varies by motor. En- 
ergy-efficient motors are con- 
shcted in much the same way as 
stanclad motors, although they 
contain a little more iron and cop- 
per, which can slightly increase 
the cost of materials when theyare 
repaired. Sometimes new motors 
are wound with a tighter slot fill, 
which is harder to replicate, but 
this is not always limited to energy- 
efficient motors. Energy-efficient 
motors also may require a less 
common wire size or stranding or 
more 'than one size. About half of 
the shops surveyed said energy-ef- 
ficient motors were harder to re- 
pair, but most gave examples of 
extra care that should be standard 
for repairing any motor regardless 
of original efficiency. 

grows each time a roller passes 
over. Several practices can con- 
taminate grease: for example, parti- 
cles can fall into open grease 
containers or particles from a dirty 

losses and overheating is core iron 
damage. Core iron can be dam- 
aged if the temperature rises over 
6.50" F when old winclings are re- 
moved in a bum out-oven. It can 
also be caused by mechanical dam- 
age to the core that is not ade- 
quately repaired or during repair 
of the core. 

Excessive vibration can shorten 
. bearing life when an out-of-bal- 

ance rotor or bent shaft are not cor- 
rected before reassembly: 
Excessive vibration can also occur 
if poor machine work allows a ro- 
tor to be off-center in the stator 

ronment may get 

gun nozzle and get injected into 
the bearing. Overgreasing can also 
cause a motor to fail; if a motor is 
overgreased, excess grease may be 
forced out of the bearing into the 
motor, a hearing seal may fail, or 
opportunities for contamination 
may simply be increased by over- 
greasing. 

Electrical system problems also bore. 
shorten motor life. Various over- 
voltage phenomena can cause mo- 
tor insulation failure. For example, 
high voltage spikes from lighting 
or switching transients can break 
down insulation, o r  high-fre- 
quency voltage spikes can origi- 
nate with a variable frequency 
drive (VFD), particul&ly if the ca- 
ble length from drive to motor is 
long. Some motors have rotors that 
are much more vulnerable to over- 
heating when powered by pulse- 
width modulated drive outputs. 
Voltage harmonics can reduce effi- 
ciency and muse overheating. 
Phase voltage unbdance %an in- 
crease heating significantly and re- 
duce motor efficiency. A 2 percent 
phase unbalance requires a 5 per- 
q n t  derating of the motor to pre- 
vent overheating. 

Improper repair can lead to 
early motor failure in many 
ways. The most severe are wind- 
ing errors or shortcuts. These can 
be errors in the winding pattefn, 
substitution of sinaller gauge wire, 
or changes in the nuinher of turns. 
These practices tend to increase 
motor electrical losses, which in 
turn cause the motor to run hotter 
ancl stress the electrical insulation 

fitting or grease ' 

' Poor impregnation of vanlish can 
cause either poor heat transfer or 
motion of windings under mag- 
netic forces. Poor heat transfer can 
cause insulation to fail from over- 
heating and motion of windings un- 
der magnet forces c m  cause 
insulation to fail from friction. 
Poorly restrained end turns are par- 
ticularly vulnerable to acoustic vi- 
bration when powered by a VFD. 

Moisture is often the cause of mo- 
tor failure. Moisture can cause the 
electrical insulation to fail or it can 
corrode bearings. Obviously a mo- 
tor exposed to falling or spraying 
water in excess of its enclosure rat- 
ing is in peril. A less obvious prob- 
lem is exposure to mere high 
humidity. Motors that are off long 

ough to completely cooldown , 

high to moderately high relative 

Why Motors Fail 
Any motor will fail eventually. 
Most motor failures occur earlier 
than necessary because of inade- 
quate or improper lubrication, elec- 
trical system problems, or 
improper prior repair. Any condi- 
tions leading to overheating or 
moisture intrusion can cause early 
failure. 

Lubrication is very important. 
Bearings can fail not just as a re- 
silt of insufficient lubrication but 
as a result of improper lubrication. 
For example, regreasing with a 
grease different from the original 
grease can cause the mixture to 
break down and run out of the 
bearing. To prevent this problem, 
repairers should refer to grease 
compatibility charts or completely 
remove old grease. Contaminated 
grease can sign a bearing's death - aid bearing lubricant. 
warrant. Even extremely small for- 
eign particles can start a tiny pit in 
a hearing race, which slowly 

, humidity are at risk, even if they 
are totally enclosed motors. It is 
sometimes necessary to use space 
heat or dehumidification or pro- 
vide internal heating to reduce the 
relative humidity of air in contact 
with motor insulation, especially 
for motors in storage. Unless their 
shafts are periodically rotated, 
stored motors can also suffer in- 
cipient bearing failure when lubri- 
cant drains or sags away from 
bearing surfaces and humidity 
causes rust pits. 

In the repaired motor, a well-docu- 
mented cause of increased motor I 



Many of these adverse conditions 
cause overheating. There are other 
direct causes of overheating. The 
most obvious cause of overheating 
is overloading the motor, but dirt 
in the cooling passages is also a 
major cause of overheating. Oper- 
ating a motor at high altitude or in 
hot environments contributes to 
overheating. Heat shortens insula- 
tion life; for every sustained 10" C 
increase, insulation life is halved. 
Heat destroys lubricant. It is impor- 
tant to note that anything that 
causes overheating also causes re- 
duced efficiency and higher operat- 
ing cost. 

Additional Reuding 
Quality Electric Motor Repair: A Guidebook for Electric Utilities. 

Buying an Energy- eficient Electric Mutor. Electric Ideas Cleadghouse- 
Technology Update, Bonneville Power Admi@.ration 

Energy Eficient Electric Motor Selection Hundbook. U.S. Department of En- 
ergy 

Horsepower: Implementing u Basic Policy for Industrial Motor RepairlRe- 
placement. Industrial Electrotechnology Laboratory & The North Carolina 
Alternative Energy Corporation 

Understunding A-C Motor Eficiency. The Electrical Apparatus Service Asso- 
ciation, Inc. 

For information on any of these reference materials, contact the Motor 
Challenge Infonnation Clearinghouse, P.O. Box 43 171, Olympia, WA 98504- 
3171; Hotline (800) 862-2086; U.S. Department of Energy. Access and avail- 
ability may vary depending upon user affiliations and current distribution 
policies of the author/organization. 

Factsheet written by Johnny Douglass and Vince Schueler, WSEO. 







Repair Process 
urchasing motor repair is 
like making any otfier pur- 
chase. To be assured of 
quality ut a reasonable 
price, repair consumers 

6 p~ ice ,  but to 3 q 3 -  
must be smart shoppm. Everyone 
u n h  
ciently informed, motor users must 
know something about the repair 
process. This fact sheet alone will 
not make you an expert, but it will 
provide a busic funmework to build 
on. 

Motor repair zuries with the extent 
of damage. This example is for an 

P Incoming Inspection 
The motor is received and logged in. A motor repair form is filled out to iden- 
tify the motor condition upon receipt and expected necessary repairs. A re- 
pairer's record o r  job card is prepared to accompany the motor through the 
repair process for documenting conditions found and both routine and special 
actions taken. 

The motor is inspected initially to diagnose the problem, determine the prob- 
able cause of the problem, and determine what work is required. If the wind- 
ing is not obviously defective, it will be tested for insulation integrity. The 
shaft is rotated manually to check for obvious bearing problems. If the motor 
is still operable,,it will be run at full voltage with no load on the shaft to check 
€or balanced current and vibration. Winding resistance is measured. Results 
are noted on the job file. 

induction motor that has had a 
winding hurn-out and also re- Dismantling quires beuring replacement. This is 

When the motor is dismantled, mating surfaces are match marked, and small 
parts are stored for later reassembly. Conditions are noted and documented; 
for example, hearings are checked for electrical insulation method. configura- 
tion of vertical thrust bearings is recorded and axial and radial clearances are 
recorded. 

After dismantling. core-loss testing is performed, using either a special coni- - 

mercial tester or a loop test, which is a setup with a wattmeter and AC cur- 
rentsource. m e  core loss test excites the core from an AC current source with 
one or more turns of wire through the core. The repairer checks for hot spots, 
which usuallyhiicate lamination shorting, and records wattage, i.e., core loss. 

not a detailed description of how to 
peltform repair, but an overview of 
the process. I t  represents the typi- 
cal major repair process, but some 
actual repair jobs will require spe- 
cial work because of special motor 
features or severe or unusual dam- 
age. These variations are not cos- 
(.red in this example. 

Winding Removal 
Windings are tightly honcleci into the motor stato ith various Iiarclening res- 
ins or varnishes. These bonding materials are ne ary for electrical insula- 
tion and good heat conduction and to prevent wires from moving and rubbing 
away enamel. To remove old windings, the varnish bond has to be defeated 
by burning, the use of chemical solvents, mechanical force, or a combination 
of these methods. Bum-out is the most common method used and will be de- 
scribed here. 



To prepare the motor for burn-out, 
the end turns are cut off one end of 
the motor with a special saw. At 
this point, existing winding condi- 
tions are usually carefully ob- 
served and documented. Beciuse 
it is often difficult to find this in- 
fonnation in written records any- 
where, the wiring pattern, number 

-of turns, stranding combinations, 
and diameter of wire are recorded. 

The motor is placed in a burn-out 
wen (not to be confused with the 
lower temperature vanish “bak- 
ing” oven) and heated ideally to no 
more than 650” F. Burn-out ovens 
have temperature controls and 
most have a water injection system 
to prevent excessive temperature 
rises, which occur when insulation 
begins to bum. After several 
hours, when insulation has been 
burned sufficiently, the stator is re- 
moved and allowed to cool. With 
the varnish destroyed, old wire can 
be pulled out mechanically and re- 
cycled. 

. 

Core Preparation 
After burn-out, the core is cleaned 
arid any damage is repaired. This 
process may include careful grind- 
ing or machining, spraying or lo- 
cally inserting interlaminar 
insulation material, or even 
restacking core iron. The 
cleaned and repaired core is 
given another core-loss test to 
see if the core has maintained or 
improved its condition following 
the stress of bum-out and any 
subsequent repair actions. 

If the as-received winding con- 
figuration is suspect because of a 
prior repair, the nature of the fail- 
ure, or pre-failure performance, 
it may be necessary to obtain 
winding data from records held 
by the manufacturer, EASA, or 

Rewinding 

the repair shop. If sufficient re- 
cords are not available, the shop 
must redesign the winding configu- 
ration using engineering staff 
and/or support from EASA soft- 
ware and engineering staff. How- 
ever, EASA software and staff 
time are not always sufficient to 
guarantee optimal design for all 
motors. 

New windings are prepared on a 
special machine using magnet 
wire insulated with enamel. Mo- 
tors require either random-wound 
(sometimes called mush-wound) 
or form-wound coils. For random 
winding, round wire is wound into 
loose, usually diamond shaped 
loops. Form-wound coils are 
wound in a similar way, but rectan- 
gular-cross-section wire is used. 
The wire is wound into orderly lay- 
ers, shaped, then wrapped in insu- 
lating tape to form a rigid coil with 
very little wasted space. Formed 
coils are usually used on motors 
rated for over 600 volts. 

The coils are manually inserted 
into the motor stators. Various spe- 
cial insulating materials are used 
to line slots, isolate coil groups, 
and secure elid turns. Any tempera- 
ture sensors are replaced at this 
time. Coil group connections are 

. 

brazed and lead wires are attached, 
and the motor is tested electroni- 
cally to verify proper winding and 
connection. 

To further stabilize and insulate 
the windings, the entire rewound 
stator is dipped in a varnish tank, 
removed, then baked to harden the 
vanish. A variation on this prw- 
ess involve5 a vacup-pressure im- 
pregnation (VPI) varnish tank. 
With VPI, a vacuum is applied to 
expand and extract air bubbles, 
then pressure is applied to force 
varnish into all voicls. Another 
variation is a trickle impregnation 
method wherein the stator is pow- 
ered by a low-voltage DC current 
(to heat windings) and rotated 
while a heat-curing varnish is 
poured through. 

Rotor Repair 
and Testing 
Induction motor rotors appear to 
be simple assemblies with no 
wires or moving parts. Nonethe- 
less, a variety of problems can be- 
fall them, including lamination 
shorting, cracked squirrel cage 
bars, loose-swaged squirrel cage 
connections, bent shafts, and 



out-of-balance .conditions. These 
problems can be found by visual 
inspection, core-loss testing (using 
the shaft as the current conduktor), 
or electromagnetic excitation with 
.a device known as a growler. Cer- 
rain electrical tests can also be 
done before clisassembly with 
working motors. 

Rotors are repaired using a variety 
of methods, as appropriate. Often 
there are no serious problems, but 
all rotors should be balanced. Bal- 
ancing invo1ves spiming'the rotor shipping. 
on a special fixture with vibration 
sensors at the bearing points. A 
readout from the vibration sensors 

resistance and/or surge compari- 
son test is done to check for re- 
winding errors. The reassembled 
motor is connected and run at no 
load to verify balanced current at 
the rated level, vibration within 
standard limits, and temperature 
rise within normal limits. If the 
original failure involved bearing 
failure due to shaft currents, the 
repairer checks for a low shaft-to- 
frame voltage where one or both 
bearings are unimulated. The mo- 
tor is then painted md prepared\ for 

Finally, records are completed, en- 
suring that the findings related to 
the failure are recorded along with 
all test results. The records are re- 
tained by the shop, ususally for 10 
or more years. 

Additional Reading directs the repair person in placing 
balance weights. 

Qualify Electric Motor Repair: A Guidebook for Electric Utilities- 

Bearings 
Two kincis of bearings are in com- 
mon usage,, anti-friction bearings 

ings on larger motors. Anti-fric- 
tion bearings are ball or roller 
hearings. Sleeve hearings have no 
rolling parts; the shaft simply turns 
in a close-fitting babbitt alloy 
sleeve. 

Anti-friction bearings are often 
routinely replaced whether they 
show evidence of deterioration or 
not. Severe problems wifh the 
shaft sometimes require shaft 
straightening, spray metalizing and author/organization. 
re-machining. Problems with the 
end bells may require rehoring and 
sleeving for the outer race. Worn 
or damaged sleeve bearings may 
require recasting the babbitt and 
machining to fit. 

EASA Standards for the Repair of Electrical Apparatus. The Electrical App- 
ratus Service Association, Inc. 

Tech Note No. 16: Guidelines for  Maintaining Motor EfSiciensy During Re- 
motOrsv and hear- building. The Electrical Apparatus Service Association, Inc. 

Tech Note No. 1.7: Stator Core Testing. The Electrical Apparatus Service As- 
sociation, Inc. 

Horsepower: Implementin8 a Basic Policy for Industrial Motor RepairlRe- 
placement. Industrial Electrotechnology Laboratory & The North Carolina Al- 
ternative Energy Corporation 

For information on these reference materials, contact. the Motor Challenge 
Information Clearinghouse, P.O. Box 43 171, Olympia, WA 98504-317 1; Hot- 
line (800) 862-2086; U.S. Department of Energy. Access and availability may 
vary depending upon user affiliations and current distribution policies of the 

Reassembly and 
Final Testing 
Certain tests are performed ciuring 
or after reassembly. If the stator 
has been rewound, the insulation is 
tested for resistance and a winding Fact Sheet written by Johnny Douglas and Vince Schueler, WSEO. 
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Determine When to. 
Repair .and When to Replace 

a Failed Electric Motor 

W Is the motor reparable? 

W What are the first cost differences between repair and purchase? (The first 
costYor repair is the repair price only; the first cost of motor purchase is 
purchase price on~y.) 

H How will the decision affect operating costs? 

W What are the differences in reliability for a new versus a repaired motor? 

Analyzing costs and benefits in these areas will give you the information you 
neecLto determine which choice best meets your financial critciia. 



First Things First: 
Impact on Downtime 
In most facilities the cost of lost 
production or customer inconven- 
ience from downtime far out- 
weighs any cost differences 
between repairing or replacing a 
failed motor. If a motor is critical 
to your operations and there are no 
spares available, the best option is 
usually the one that puts a well- 
functioning motor on line fastest. 

Either option, repairing or replac- 
ing a motor, can be faster. A typi- 
cal turn-around time for repairing 
a 50 hp motor, assuming parts are 
readily available and no machining 
is needed, is about three working 
days. A rush order can decrease 
tum-around time to two calendar 
days. Turnaround times are a day 
or two longer for motors over 150 
hp because of longer process time 
requirements. 

If you decide to replace a motor, 
the major concern is stock avail- 
ability. Most general purpose open 
drip-prcmf (ODP) and totally en- 
closed fan-cooled (TEFC) motors 
under 100 hp will be available on 
the shelf. Non-specialty motors be- 
tween 100 and 500 hp m often in 
stock at the manufacturers and can 
be rush ordered with two to four- 
day delivery. Specialty motors and 
motors over 500 hp may take up to 
several weeks to replace depend- 
ing on the specification. 

Reparability 
Repair cost will vary widely de- 
pending on the type offailure. 
Most motor failures result in 
seized bearings, winding burn out, 
and sometimes broken fans. Re- 
pairs for these problems m rou- 
tine. If the failure results in holes 
melted in the stator core, cracked 
rotor bars, and bent shafts, repairs 
can get complex and require 

, 

restacking the core or extensive 
machine work. Repair costs rise ac- 
cordingly. It is difficult for un- 
trained persons to determine by 
casual inspection whether the re- 
pair problem is routine or more 
complex. If the economics of the 
repair decision are uncertain, the 
motor should be inspected and a re- 
pair bid prepared first. 

Purchase Versus 
Repair Cost 
Motor horsepower and type 
strongly influence purchase and re- 
pair costs. The purchase price of 
new motors increases much more 
quickly with horsepower than tkie 
cost of a straightforward rewind 
repair. A standard-efficiency 1,800 
rpm, TEFC or ODP motor under 
10 horsepower is more expensive 
to rewind than to replace. At 40 to 
60 lip rewind costs for these mo- 
tors are typically half the purchase 
price of a new energy efficient mo- 
tor. When repair costs go below 50 
percent of new motor costs, the re- 
pair option is usually taken. This 
point is called the repair point. 
Over the last 10 years the repair 
point has steadily moved from 
smaller to larger horsepower mo- 
tors as labor costs increases qise 
rewind costs andnew motor costs 
decline. This trend is expected to 
continue. 

Purchase prices of explosion 
proof, vertical, high-slip, low- 
speed, multi-speed, and wound ro- 
tor motors are much higher than 
ODP and TEFC motors at a given 
horsepower. Specialty motor re- 
pair costs, however, are only mod- 
erately higher than general 
purpose motor repair costs. There- 
fore, the repair point for some spe- 
cialty motors is at lower . 
horsepower. In some cases, the re- 
pair point may be below 10 lip. 

Operating Costs 
Energy costs are usually the big- 
gest operating cost change. The 
change can be significant if the 
failed motor is replaced with an en- 
ergy-efficient motor. When calcu- 
lating energy costs, both possible 
decreases in the efficiency of the 
rewound motor and increases in 
the efficiency of the new motor 
should be considered. 

Most motors can be rewound and 
repaired with little or no increase 
in losses if proper care is taken. 
However, quality control, labor, 
and materials vary significantly 
among shops, Case studies of re- 
pair involving over 50 motors in 
different parts of North America 
found decreases in full load effi- 
ciency of between 0.5 and 2.5 per- 
cent. Estimates of efficiency 
decreases after repair in a typical 
shop converged on about 1 per- 
cent. Unless you are certain that 
your repair shop follows stringent 
quality control procedures, assume 
some efficiency decrease after re- 
wind. 

Efficiency mtings for the replace- 
ment motor are available from the 
motor nameplate. Since the aver- 
age efficiency level of stan&ud-ef- 
ficiency motors (below NEMA 
12-9) has not changed in 30 years, 
simply replacing a motor with an- 
other standard-efficiency motor 
will save significant amounts of en- 
ergy. If an energy-efficient motor 
is specified, savings can be large. 
A single point of efficiency gain 
for a continuously operating 50 hp 
motor with a 75 percent load fac- 
tor saves between $150 and $200 
annually depending on local rates. 

Reliability Concerns ~ 

It is unclear whether new energy- 
efficient motors or quality motor 
repairs are more reliable. Motor 



salespersons argue that the overall Putting It All Together quality of new motors is more con- 
sistent. There is a significant differ- 
ence between the top and the 
bottom of the line. Standard effi- 
cient bottom-of-the-line motors 
generate more heat than energy-ef- 

we recommend a six-step process 
for deciding to repair or replace a 
failed motor. 

ficient motors and can fail earlier. Step 1: Address 
Also, the cooling fans on energy- . 
efficient motors that have to han- Downtime Considerations 
d e  lower heating loads are not 
down-sized proportionately to the 
decreased heat load and are often 
slightly oversized. This improves 
heatdissipation. Finally, manufac- 
turers often bundle energy-effi- 
ciency features in new 

If the failed motor drives critical 
equipment and no back-up motor 
is available the most important 
question is, “Which approach re- 
sults in the least amount of down- 
time?” 

premium-efficient motors with 
higher quality parts and features. 
These can also-extend motor oper- 
ating life. 

Availability and turn-around will 
vary seasonally and locally so call 
both your motor repair shop and 
motor supplier to get firm delivery 

New motors, like many products 
have a break-in period when main- 
tenance problems and failures can 
be sigificant. If the failed motor 
does not have a history of failures, 
a new motor may actually increase 
maintenance time. The worst possi- 
ble situation is to cycle through 
motors so quickly that mainte- 
nance staff are constantly breaking 
new motors in. 

dates. When asking for repair turn- 
around times he sure to ask how 
long will it take to get the rewind 
done right. Pushing the repair shop 
too hard may result in a hasty re- 
pair, and quality may suffer. A 
poor quality rewind or repair leads 
to liigher operating costs and pre- 
mature failure. 

Step 2: Assess Whether 
Current Motor is Optimal 

Repair shops claim they routinely 
upgrade insulation from Class A 
or B to Class F or H during re- - 

for the Application wind. This significantly reduces 
the likelihcmd of early failure clue 

If the motor failure is not on a criti-, 
cal path, this is the time to assess 
whether the failed motor was the 
most optimal for the application. 
Can a more energy-efficient model 
be used? Is an energy-efficient 
model available in the size, speed, 
and features needed? Can the mo- 
tGr be resized? Issues around resiz- 
ing motors are complex. A good 
source to consult is the High ED- 
ciency Motor Seltxtion Hatidbook 
and fact sheet from the Motor 
Challenge Program. (See Acldi- 

to exposure to high temperature. 
At face value, this practice seems 
positive, but it could help mask an 
efficiency degradation by keeping 
a repaired motor running longer in 
spite of higher losses. 

No studies compare reliability of 
repaired and replaced motors. We 
expect the reliability of a quality 
repair and an new energy-efficient 
motor is on par. Both are more reli- 
able than a poor quality repair oc a 
standard-efficiency motor. 

tional Reading.) If a more optimal 
motor is feasible and available, it 

s h o d  be used as the new pur- 
chase comparison, 

Step 3: Determine if a 
-Detailed Analysis is Needed 
Analyzing the motor repair/replace 
option comprehensively and ob- 
taining bids €or repairing or replac- 
ing a motor is a resource-intensive 
process. For some combinations of 
motor types, sizes, and operating 
conditions, the cost advantages of 
either the repair or the replace op- 
tion are so clearly superior that a 
detailed analysis may not be 
needed. Here are some rules of 
thumb to guide the decision. Con- 
sidering only first costs and energy 
costs, it is almost always more eco- 
nomically attractive to: 

rn Consider rewinding/repairing a 
specialty motor. They are con- 
siderably more costly to pur- 
chase new and are less likely to 
be in stock. -. 

W Replace non-specialty motor un- 
der 15 hp. Repairhewind costs 
ae equal to or higher than a 
new motor and these motors are 
more likely to be in stock. 

rn Rewind motors over 100 hp. 
New motor costs rise steeply 
above 100 hp and energy effi- 
cient replacements are less 
likely to be stocked, although in 
areas with high utility rates, it 
may be worth analyzing the re- 
placement option for heavily 
used motors up ti) 150 hp. 

Step 4: Obtain Bids 
If either option is not clearly ruled 
out at this stage, obtain,bids from 
both the new motor supplier and 
the repair shop. 

If you are unfamiliar with the 
work of a repair shop, provide 
them with a copy of a quality re- 



pair specification, such as the Elec- 
tric Motor Repair Specification de- 
veloped by EPRI, Bonneville 
Power, and the U.S. Department 
of Energy. Alternatively, ask 
whether the shop uses EASA-Q or 
other quality assurance standards. 

Adjust new motor purchase cost to 
include dealer discounts and utility 
motor rebates if they are available. 
Do not overlook additional installa- 
tion costs. Changes in the speed, 
horsepower, and frame may re- 
quire changes in win'ng, new 
mount, belt, sheaves, pulleys, and 
other installati on modifications. 

Step 5: Calculate 
EnergySPlvings 
The formulas €or calculating differ- 
ences in energy cost are: 

Equation I 

Energy Cost Savings = Hours of 
operation * hp * Load * .746-* 
(lOO/(ERr - IL) - lOO/ERn)*EC 

Equation 2 

Demand Cost Savings = hp * Load 
* .746 * (100/(ERr - IL) - 
lOO/ERn)*MDC*NM 

75 percent of full load. In the ab- 
sence of better information this is 
a conservative assumption to use. 

Step6: Calculate 
Where : 

Load = Average motor load 

- 
Financial Impads 

Net present value or simple pay- 
back methods can easily be 
adapted to this problem. The basic 
form for calculating the simple 

ERr = Original Pre-Failure Effi- 
ciency Rating for the rewound mo- 
tr.r 
LVI1 

payback for a high efficient re- 
placement over repairing the mo- 
tor is: 

Equation 3 

IL = Reduction in efficiency (per- 
cent) that results from rewinding 

ERn = Efficiency,Rating of the 
New Motor SPB= NC + IC-RWC-7JR 

ECS + DCS EC = Local energy charge 
(Centskwh) 

MDC = Monthly Demand Charge 
where: 

SPB = Simple Payback 
NM = Number of months demand 
charge applied NC = New motor cost - dealer dis- 

counts 
If you do not have the efficiency 
rating of the failed motor (ERr), a 
reasonable substitute is the aver- 

IC = Mcremental installation costs 
(if any) 

age standard-efficiency motor (not 
meeting NEMA Standard 12-9) in 
1994. The average efficiency of 
available s tandard-eff icienc y mo- 

RWC = Rewind/Repair Cost 

UR = Utility Rebate (if available) 

ECS = Energy Charge Reduction 
(see Equation 1 above) 

tor brands has not changed signifi- 
candy over 30 years. This value 
can be found in MotorMasterB 

DCS = Demand Charge Reduction 
(see Equation 2 above) 

NPV approaches provide a more 
flexible means to deal with the 
time value of money. We recom- 
mend that the benefit stream from 
energy costs be limited to 5 years, 
a conservative estimak cf the time 
until next failure. If the motor is 
operating in a dirty or corrosive en- 
vironment the benefit stream 
should be reduced further, 

software. A useful rule of thumb 
for estimating typical efficiency 
losses from rewinding is an 8 per- 
cent increase in losses ( 1 -Effi- 
ciency Rating) over pre-failure 
conditions. Zero can be used if the 
repair shop has demonstrably ef- 
fective quality assurance programs. 

Reliable data for the hours of op- 
eration and motor load inputs 
(which drive the calculations) are 
often not readily available. While 
hours of operation can be meas- 
ured fairly easily, there are cur- 
rently no low cost field approaches 
for measuring load. Motors typi- 
cally run at peak efficiency near 



Example 

A 50 hp 1,800 rpm TEFC motor has failed at ACE manufacturing. A spare motor is available so down-time is not a 
consideration. The motor runs 12 to 15 hours a day (5,000 hrs/yr) and does not appear to be significantly under or over 
loaded. Since the local utility offers a rebate for premium-efficiency motors, ACE gets a bid on a premium efficient 
model with a 3/4 load efficiency of 95 percent. The purchase price including a 25 percent dealer discowit is $2,550. 
The utility rebate is $8/hp or $400. Local utility rates are $.05/kWh for energy and $9.OO/kW for demand. 

The origind efficiency of the failed motor, still legible on the nameplate, is 9 1 percent. After inspecting the failed mo- 
tor the repair shop finds bearings need to  be replaced. The bid on the repair comes in at $1,100. ACE is not familiar 
with the quality control of the shop. They assume an 8% increase in losses, which is a 0.72% efficiency decrease. 

Energy Savings = 5000 hrs x 50 hp x .75 (load) x .746 x (100/(91 - .72)- 100/95) x $.05/kWh 

= $384.89 

Demand Savings = 50 hp x .75 (load) x .746 x (100/(91 - .72)- 100/95) x $9.00/kWh x 12 (months) 

= $166.27 

- Payback _ ,  - 100 - $40Q 
$384.89 + $166.27 

= 1.9 Years 

The energy savings from replacing the failed motor with a premium efficiency motor will pay back the costs of the 
new motor in 1 .$ years. The net present value, assuming a 20 percent discount rate and five years of energy savings is 
$928. 

Additional Reading 
Quality Electric Motor Repair: A Guidebook for Electric Ufilities 

Buying An Energy-eficient Electric Motor. Electric Ideas Clearinghouse 
Technology Update, Bonneville Power Administration 

Energy Eficient Electric Motor Selection Handbook. U.S. Department of En- 
ergy 

For information &y of these reference materials, contact the Motor Challenge 
Information Clearinghouse, P.O. Box 43 17 1, Olympia, WA 98504-3 17 1; Hot- 
line (800) 862-2086; U.S. Department of Energy. Access and availability may 
vary depending upon user affiliations and cu 
author/organization. 

distribution policies of the 

. Fact Sheet written by Vince Schueler and Johnny Douglas, WSEO. 
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I Evaluating Motor Repair Shops 

ost users want to pur- Obtaining Information 
chase a quality repair 
job, but what is quality? 
Quulity means more 
than having the outside 

and inside of the motor be neat 
and clean. Errors and careless 
workmanship reduce eficiency 
and shorten tht’ life of a repaired 
motor. 

To be assured of a quality product, 
customers of motor repair shops 
need to clearly understand the 
service they’ re purchasing. It is 
certuinly important to have a speci- 
fication outlining the expected 
scope and quality of work. How- 
ever, plothing can emure quality 
work ifthe shop is not capable of 
it, so the most important thing a 
smart shopper does is carefilly se- 
lect a competent and reputable 
shop. 

The following elements can help customers determine a shop’s ability to 
deliver quality ,work: 

Tools and facilities inventory 

M 
Facilities must be in place for handing the largest motors you expect to 
suhmi t- Winding heads sufficient for duplicating original winding patterns 
must be present. Thorough diagnostics and verification of correct repair is 
difficult without certain equipment like a surge tester and a well regulated 
power supply. 

Repair materials inventory 

A variety of materials are used for efectrical insulation in motor repair. 
These materials include slot liners, wire sleeves, special paper separators 
for coil groups, and material for tying and restraining end turns. Most 
shops stock only class F or class H insulating materials, which often ex- 
ceed original insulation heat ratings. These materials are often cited as 
higher quality, but they are also cheap insurance for poor repair because 
they better tolerate overheating, which can result from degraded efficiency. 
Shops that do not have a good inventory of wire sizes in stock should be 
able to explain how they get restocked quickly or provide stranding combi- 

, nations for maintaining original wire cross-section. 

Staff stability, training, experience, and morale 
. An important starting point in 

choosing a shop is to assess 
whether it does significaet repair- 
work with the type and size of mo- 
tors you ure likely to have re- 
paired. If the motors you have 
repaired are mostly small induc- 
tion motors, you might want to 
avoid u shop whose bread and but- 
ter is locomotive motorfgenerator 
sets. Ifyou have many motors over 
600 volts, you might want to avoid 
a shop that handles motors that 
are mostly 460 volrs and under. . 
Working with a shop outside its pri- 
mary market niche may lower qual- 
iry or increase price. Customers 
with a wide range of motor types 
may benefit from qualifying two or 
more repair shops. 

A knowledgeable staff is impbrtant. Many shops hire personnel with motor 
repair training from the military and provide further on-the-job training. 
Others actually prefer new hires with no prior experience so they can train 
them “right” from the start. Some repair shops are family businesses with 
multiple generations and good mentoring of younger staff. A low turnover 
rate can indicate employee satisfaction and management’s willingness to 
invest in staff. . 

Record keeping system 

G c K ) ~  record-keeping is very important. Motor management is akin to 
health care. A record oE past problems and remedies can he invaluable for 
diagnosing or preventing new problems solving any warranty issues. 
An elaborate computer system may be i ive, but many shops make 
thorough records on job cards that can he kept for many years. 



Cleanliness 

Cleanliness is often associated 
with good quality management. 
Cleanliness is more than an aes- 
thetic matter. Most material ancl 
supplies used in a motor shop 
need to be protected from con- 
tamination; tools and test equip- 
ment need to be organized so 
they can be found when needed; 
gauges and testing equipment 
need to be put away or pro- 
tected from damage when not in 
use to maintain calibration. Lo- 
cations where bearings and lu- 
bricants are stored or installed 
must be very clean because 
even very small particle con- 
tamination can be a time bomb 
that can cause premature bear- 
ing failure. 

Standard operating 
procedures 

Evidence of a system for main- 
taining quality is important. Ide- 
ally this system will include a 
formal quality management sys- 
tem involving third party inspec- 
tion and certification. These are 
still rare, but they may become 
more commonplace with the 
Electrical Apparatus Service As- 
sociation’s (EASA’s) promo- 
tion of the EASA-Q quality 
management system and in- 
creasing awareness of IS0 9000 
quality management standards. 
Shop hianagers should be able 
to point to documents that pro- 
vide standards, operating proce- 
dures and important records, 
such as bearing-fit standards, 
testing procedures, forms for re- 
cord-keeping, and calibration re- 
cords. 

Determining whether a shop pro- 
vides quality workmanship can be 
time-consuming, However, a care- . 
ful evaluation will include both an 
interview and an inspection. To en- 
sure comprehensive investigation, 
a suggested checklist is provided 

at the end of this fact sheet. This 
list can be completed during the in- 
terview aid annotated as neces- 
sary during the walk-through 
inspection. Smaller customers of 
repair services may not find it nec- 
essary to complete the checklist 
formally; however, the list can 
help repair customers understand 
the equipment and practices that 
are important in quality motor k- 
pair. 

Some items on the checklist are 
less likely to be present in small or 
specialty shops. For example, your 
shop may not have a 10-ton crane. 
Obviously, this is no problem if 
you only intend to have the shop 
repair motors under 50 hp. Other 
items may not be present, but the 
shop provides them by subcontract- 
ing the service. If your shop sub- 
contracts services that you will 
use, discuss the reasons for subcon- 
tracting those services and inspect 
the subcontractor’s facility. 

Conducting the 
Evaluation 
Make an appointment for evaluat- 
ing the shop in rulvahce, reserving 
d least half a day. Advise the shop ’ 
manager that this is part of a struc- 
tured evaluation and that he or she 
may be asked to prcxluce evidence 
for such things as employee train- 
ing or equipment calibration prac- 
tices. The evaluator should attempt 
to make the shop manager feel 
comfortable. Allow the manager to 
explain answers, and do not hesi- 
tate to diverge from the written 
checklist to pursue a better under- 
standing of shop practices, staff 
knowledge, or commitment to 
quality. Avoid reactions that make 
it appear tliat you are making an 
evaluation on the spot. 

It is important for the evaluator to 
be well-informed. A familiarity 
with motor construction and meth- 

f 

ods arid issues in motor repair are 
important. The interviewer should 
have thoroughly reviewed the 
Quality Electric Motor Repuir: A 
Guidebook for Electric Utilities. 

Depending upon the size of your 
potential business and your pre- 
ferred interview style, you can con- 
sider variations in approach to the 
interview. Some customers may 
wish to provide the checklist to 
shop managers in advance of the 
interview. Alternately, it can be 
withheld if you feel that it would 
discourage candid responses. If it 
is withheld, the shop mmager 
should be advised of the scope ancl 
general content of the list so that 
he o‘r she does not feel “blind- 
sided” and become uncooperative. 

For your convenience, a commen- 
tary regarding desirable responses 
is placed in the right margin of the 
checklist. If you are concerned that 
the shop manager will see this and 
stretch for a “correct” response, 
the responses can be masked when 
tlie form is photocopied. 

The first two parts of the checklist 
assess shop capability. They assess 
capacity capability and specific ca- 
pability. Capacity pertains mainly 
to the size of motors that can be ac- 
commodated. Specific capability 
pertains mainly to the ability of the 
shop to do certain repairs that may 
not routinely be part of all motor 
rebuilds. Limitations of these capa- 
bilities do not necessarily indicate 
efficiency or quality problems for 
repair jobs that do not require 
those capabilities. 

The third section of the checklist 
pertains to procedures ancl prac- 
tices that are likely to affect qual- 
ity of repair for any motor. These 
categories are not a perfect segre- 
gation of capability versus quality. 
The absence of large sizes of cer- 
tain tools may be a capability fac- 
tor, whereas total absence of the 
tool would be a quality factor. 



. Motor Repair Shop Checklist 
Capacily Capiibiliiy (for mulliple devices, lis1 maximum capability ol each) 

Crane Size tons hcwk height 

Hydraulic Bearing Puller capacity tons 

Truck Capacities -1/2ton - 3/4ton __ 2ton -6 ton 

Door Height 

L 

Bum-Out Oven Internal Size H W D 

Dip Tank, depth diameter 

VPI System; I 

depth __ diameter , pressure capability. psig, vacuum capability in Hg. 

In-Shop Dynamic Balancing Capability. Check all- rotor weights that can be balanced: 

-25 lb 
- 100 lb 
- 1,300 lb 
- 5,000 lb 
- 10,000 lb 
-20,000 lb 

What three-phase, line-to-line voltages can shop provide for motor testing? 

- 208 - 2,300 
- 230 - 4,160 
- 460 -5 ,OOo 
- 575 -DC; voltage range- 

Is pwer  supply voltage continuously variable? 

Can power supply reliably control phase balance to within 1 %'? 

Specific Repair Capability 

Check services offered: 

- Random-wound polyphase .C motor repair 
- Form-wound polyphase AC motor repair 
- DC motor repair 
- Servo Motor repair 



Phdures, Pmclices, and Invenlories 

What primary methods of winding removal are used'! 
Controlled bum-out; typical temperature -F (If somethies higher, ex- 
plain circumstances.) 
- Chemical strippihg 
- Mechanical pulling at temperature under 400" F 
- Other 

Bow many different round wire sizes are present in inventory'! - 
What does shop do if exact wire size i s  not in inventory? 

I -  
, Burn-out most common. Best if un- 

der 6SO" F. 

Mechrmical pulling at reduced tem- 
perature can he good. It is rare in U.S. 
15 minimal; 25 good 

On random-wound motors, is winding pattern ever revised for reasons other 
than customer ordered re-design? 
If yes what changes? 
- lap to concentric 
- concentric to lap 4 

- other (explain) 
Why are changes made'! 

How many employees have the following years of experience? 
- Over 8 
4 to 8 
- Under 4 

What sort of supplemental training or professional development activity is 
offered to shop floor employees? (Obtain evidence if possible.) 
-In-house trainirig or structured mentoring (Describe) 
-0ff-site short courses, workshops or seminars one or more days in length 
-Subsidized evening or part time classes at college or trade schtml 
-Attendance at trade conferences or conventions 
- Other 

How often do shop-floor employees get training or professional development 
benefits? 
- Average days off-site per year per employee 
-Annual expencliture per employee 

In what trade or professional associations does shop have 
membership? 

What temperature classes of insulation are stocked and used? - 

What (if any) kind of core-loss testing does shop use? 
- loop or ring test; max kva- 
- Commercial tester Phenix brand; m a  kva- 
-Commercial tester Lexeco brand; max kva- 
- Other (describe) 

Evidence of quick access to supplier 
desirable. 

Not desirable to revise pattern for 
convenience, A conversion from con- 
cenuic to lap is often done, but 
should be. avoided. 

Desirable to have 20% or inore with 
over 4 years experience. 

Participation in EASA training is 
commendable. Generally, any sort of 
training is desirable. 

One or more &iys off-site desirable. 
$300 or more per employee desirable. 

EASA membership is ;i definite plus, 
though very large shops may have in 
house ertpability to provide sane. 

F or H desirable. 

Any commercial tester is evidence 
that shop is conscientious about core 
losses. Loop testing per EASA guide- 
lines may be comparable to commer- 
cid testers if performed correctly. 

t 



How are results used? List all that apply. 
- Check for hot spots to he repaired 
-Note watts per pound and compare to a standard 
-Document impact of burn-outhewind to customer 

Is no-load testing done on all motors? 

Equipment Calibration 
Date last calibrated 

Normalinterval or cedlfied 
Ammeters 

Wattmeters 
. 

Core Loss Tester 

Burn-out oven temp. 

Ring Gage 
through size 3 12 
through size 3 18 

through size 3 12 
through size 3 18 

Bore Gage 

Micrometer 
1 ” 
2‘ 
3” 

etc. 

Vernier Calipers 
. range 

- 
- 
etc. I 

Vibration Analysis Equipment 
Braid 
McKlel 

Hi Potential Tester (HiPot) 
Brand 
Model 
AC rating 
DC rating 

Megohmmeter 
Brand 

Model 

Certainly check for hot spots. Noting 
watts per pound ‘and comparison to 
standard or before ,and after testing is 
commendttbb. 

This should be done. If not, deter- 
mine why not. 

Annual 

Annual 

Annual 

Annual 

This should be a certified stmdard 
for calibrating bore gages. 

Calibrated to a ring gage before ‘and 
after each use. 

Three months on micrometers and 
vemier calipers. h4ay be dune in- 
house to a &fid smdard. Stand- 
ard blocks must be kept clean ‘and 
dry and show no sign of damage or 
conosion 

h U d  

t 

A n n U J  

Three months to a certified standard 
resistance. 

Three months to a certified standard 
resistance. 



Equipment Calibration 

Date last calibrated 
Item Nomial interval or certified 

Milli or Micro Ohmmeter 
Brand ’ 
Model 
Lowest Resolution 

What percent of motor rewind jobs get core loss testing both before and after 
rewindhg. 5% 

Varnish and resins 
spec. 
spec. 
spec. 
spec. 

Idedly 100%. Expkzin lower percent- 
ages. 

Sample should hme been taken ‘and 
analyzed to be satisfactory every two 
months. M<anufacturer’s material 
specs. should be on tile. 

spec. 

Library: Check all the following documents which are present 

Document Latest Revision Date 
- NEMA MG 1 Motors and Generators 
- NEMA Rp I Renewal Parts of Motors & Generators 
- ABMA Std 7 Shaft & Housing Fits for Metric Radial Ball & Roller Bearings 
- ABMA Std 20 Metric Ball & Roller Bearings Conforming Eo Basic Boundary Plans 
- IS0 194W Mechanical Vibration - Balance Quality Requirements of Rigid Rotors Part I 
- IS0 2372 Mechanical Vibration of Machines with Operating Speeds From 10 to 200rev/sec 
- IS0 9000, - 1, -2, -3, -4 Quality Management And Quality Assurance 
- IEEE Std 43 Insulation Resistance Testing 
- IEEE Std I 12 Polyphase Induction Motor Testing 
- IEEE Std 1 13 Test Procedure for DC Machines 
- IEEE Std 432 Insulation Maintenance 
-1EEE Std 1068 Petroleum & Chemical Industry Motor Repair (1) 
I I UL 674 Rebuilding Explosion Proof Motors (1) 
- EASA Technical Manual (2) 
- EASA Winding DATA (2) 
-EASA Warranty (2) 
- EASA Standards (2) 

(1) Not applicable for shops which do not serve this market 

(2) Non EASA members should produce equivdent‘documents or file material. 

How long does shop keep records on each repaired motor?- 
(Obtain sample copy of filled in job card or computer printout.) 

i 



Additionul Reading 
t 

Quality Electric Motor Repair: A Guidebook for Electric Utilities. 

EASA Standards for the Repair of Electrical Apparatus. The Electrical Appa- 
ratus Service Association, Inc. 

Tech Note No. 16: Guide1int.s for Maintainiik Motor Eflciency During Re- 
building. The Electrical Apparatus Service Association, Inc. 

Tech Note No. 17: Stator Core Testing. The Electrical Apparatq Service As- 
sociation, Inc. 

For information on any of these 
lenge Information Clearinghous 
3171; Hotline (800) 862-2086; U.S. Department of Energy. Access and 
availability may vary depending upon user affiliations and current distribution 

. 

rence materials, contact the Motor Chal- 
0. Box 43 17 1, Olympia, WA 98504- 

author/organization. 

Fact Sheet written by Johnny Douglass and Vince Schueler, WSEO. 
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Darby, E. Steve. “Rewinding Motors For Efllcieiicy.” EC&M, November 1987. p. 70. 
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ence. , 

Dreisilker, Henry. “Modem Rewinding Methods Assure 
Describes efficiency benefits of mechanical win 
v amishing . 

er Rebuilt Motors.” EC&M, August 1987. p. 30. 
removal at below 3WF, rather than buni-out; also trickle 

“Electric Motor Breakdown Warning.” Engiiieering Digest, October 1988. p. 49. 
Describes device that detect in motor magnetic ignature‘ to indicate problems. 

Gupta, B.K. and D.K. Sharnia. “Degradation of Turn Insulation in Motor Coils Under Repetitive Surges.” IEEE 
Transactions on Ilzdustry Applications, June 1990. p. 320-326. 
Tests the hypothesis that electrical surges (such as produced by utility switch gear) ages winding insulation. 
Tests indicate minimal effect. Very technical. 

“H(iw to Get the Most From Your Electric Motors.” EASA, 1992. 
Guidelines on application, maintenance, cleaning, rim1 testing of motors. Iiicludes information on repair vs. re- 
placement. 

ItUimmar. Chuister. “Basic Motor Cleaning, Inspeclion Can Help Reveal Possible Problems.” Pulp & Paper, 

IEEE Staitlarcis Board. IEEE Recommended Practice for  the Repair and Rewinding of Motors for  the Petroleum 

February 1994. p. 68. 

and Chemical Industry. May 1990. IEEE STD 1068-1%X). p. 23. 
Specific step by sCep technical instructions for repairing motors, as recommendecl for the petroleum and chemi- 
cal iiiclustries. 

. 

Jenkins, Sr., J.E. “How to Perfonii Electrical Maintenance on Induction Motors.” EASA Currents, July 1990. p. 3. 
Guidelines on in situ maintenance aid testing of induction mottas. 

Kei tldy, Walter ant1 Samuel Axe. “Unique Solution to Improving Motor Winding Life in Medium Voltage Motors.” 
IEEE Transactions on Industry Applications. May/June- 1984. Vol. IA-20, No. 3. p. 5 14-5 18. 
Descrihes heating technique to  prevent moisture huild-up in interniittently operating, medium voltage (over 
1,000 volts) motors. 

Kryter, R.C. and H.D. Haynes. “How to Monitor Motor Driven Machinery by Analyzing Motor Current.” Power 
Engineering, October 1989. p. 35. 
Describes technique that allows data for predictive maintenance to be obtained from the power supply of 
( )perat ing 111( )tors. 

Lawlie, R.J. “How Modern Service Firms Keep Your Motors Running Better arid Longer.” EC&M, July 1992. p. 39-48. 
Description of standard and innovative motor repair arid testing procedures, featuring-several progressive shops 
tluoughout the U.S. 

Lawrie, R. J. “Modern Motor Test Techniques.” EC&M, July 1992. p. 33-38. 
Description of impomit motor testing techniques for trouble shooting and verification of proper repair. 

LeFevre,Rick. “Predictive Maintenance Surge Testing.” Plant Engineering, June 1987. p. 103- 107. 
In depth description of “Surge Testing,” with specific testing program recommendations. 



Lorli, Ashraf W., and Fred C. Lee. “A High Frequency Model for Lilz Wire for Switch-Mode Magnetics.” Confer- 
ence Record of the ZEEE: Industry Applications Society Annual Meeting I Y Y 3 ,  Vol. 2. p. 1 t69- 1 175. 
Discussion of insulated stranding niagnet wire for applications involving high frequencies such as PWM drives. 
It has heen suggested that this wire could reduce copper losses in rewound motors fed by inverters. 

Massen, Erik. “Maintenance Tips for Electric Moto 
* Discussion of motor hearing maintenance fo 

arings.” Maintenance Technology, November 1992. p. 26-59. 
inizing reliability. 

McCoy, Gilbert, Johnny Douglass and Todd Litman. Energy Efficient Electric Motor Selection Handbook, 3d Ed. 
USDOE/BPA, January 1993. p. 5 1. 
Suininary of considerations for selecting energy efficient motors for specific applications. 

Montgomery, David. “Testing Rewinds to Avoid Motor Efficiency Degradation.” Energy ‘Engineering, V. 86 N. 3 
1989. p. 24-40. 
Overview of impacts of rewinds on motor efficiency. 

Montgomery, David. “The Motor Rewind Issue - A New Look.” IEEE Transactions on Industry Applications, 
/ 

September 1984. p. 1330-1335. 
Good werview of impacts of rewinds on motor efficiency. Also disputes that motors lose efficiency merely he- 
cause of aging 

“Motor Winding Analyzer Detects Problems Early.” Power Erzgineering, Deceinher 199 1. p. 45. 
Describes use of a motor winding analyzer to predict and prevent insulation prohlems before they occur. 

Nailen, Richard L. Electrical Apparatus, Noveinher 1994; 
This journal of electromechanical and electronic applications arid maintenance offers extensive reporting on 
electric motor repair in every issue. 

Nailen, Richard L. “Explosion-prc Motors Need Careful Repairs.” EC&M, April,l986. p. 30 & 36. 
Discusses specific repair requirements for explosion proof motors. 

Nailen, Richard L. “Managing Motors.” Barks Publications, Inc., January 199 I. 
This hook provides very thorough coverage of electric motor design, eflicieiicy, application. niaintei:nruice, and 
repair. 

Nailen, Richard L. “Motor Iisulation Resistance Varies - with Temperature.” Power, Octoher 1984. p. 142. 
Describes dramatic temperature adjustment needed for motor insulation resistance test. 

Nailen, Richard. “A User’s View of Motor Repair Stamlards aid Specifications.” IEEE Transactioizs on Industry 
Applications, Noveinher 1988. p. 1 13 1 -  1 137. 
Author describes his program to establish motor repair standards. 

Nicholas, Jack. “Evaluating Motor Circuits.” Maintenance Technology, Noveinher 1992. p, 30-34. 
Advice for evaluating motor circuits to nitixiniize reliahility. 

“Preventalive Maintenance of Motors and Controls.” EC&M, Fehruary 19x6. p. 24 - 28. 
Ou (lines recc nnniencled mot( )r arid mot( )r c( mtrt )I maintenance prognun. 

“Proper Burnout Methocls Maintain Efficiency of Rehuilt Motors.” EC&M, March 1985. p. 7 1 .  
Report on study hy EASA cy1 inipact o tator winding burn out temperature on motor efficiency. 



Protopapas, C.A., S.D. K uiaris, aid A.V. Machias. “An Expert System for Fault Repairing and Mainterlaice of 
Electric Machin 
Description of software tliaf can guide troubleshooting atid repair of motors aid generators. 

IEEE Transactions on Energy Conversion, March 1990. p. 79-83. 

Ramsey, Milton H., and J. Kirk Arinlntor. “Recoiiimentlecl Practice for Repair of Electrical Motors.” IEEE Transac- 

Reason, Jolm. “Cut the Cost of Cleaning Electric Machines.” Electrical WorM, April 1989. p. 74. 

tions on Industry Applications, January-February 1993. p. 52-59. 

Describes predictive testing for large (power plant) motors. i 

Reason, John. “How and Wien to Grease Motors.” Power, May 1984. p. 154. 
~Recctmmenclati ()tis fdr in( ) tc )r regre &sing. 

Kewouird Motor Efficiency; TechnoZogy Profile. Ontario Hydro, November 1991. p. 3. 
Fact sheet discussing efficiency of rewounci motors, a id  arguing for replacement of failed motors whenever 
p( lssi hle . 

Schump, David E. “Motor Insulation Preclictive Maintenance Testing.” Plant Engirzeering, January 199 1. p. 47-49. 
Description oi insulation tests: insulation resistance test; dielectric absorption te’st; DC high-potential test, 
power factor test; and surge compruison test. 

Steel: Products Manual. American Iron and Steel Institute. January 1983. 
Electrical Steels: Description of core plate lamination insulation used in motors and transformers. 

Stone, G.C., Sedding, H.G., and B.A. Lloyd. “The Ability of Diagnostic Tests to Estimate tlie Remaining Life of Stator 
Insulation.” IEEE Transactions on Energy Conversion, December 1988. Vol. 3 No. 4. p. 833-84 1 
Results of various testing methods to  predict motor/generator failure. Pertains to very large machines. 

Strugar, Don aid Ray Weiss. “Why Electric Motors Fail.” Plant Engineering, July 1994. p. 65-66. 
Good description of the ambient conditions. aid power system problems that often sliorten the life of motors. 

Ula, Saclrul, Bimhaum, Lany and Don Jordan. Energy Efficient Drivepqwer; An Overview, & 3 Literature Reference , 
-. Ikts .  USDOE. WAPA & BPA. p. 41. 

Summary of motor system efficiency, with a short section on rewinds, and tllree large bibliographies. 

“Unclerstaicting Insulation Resistance Testing.” EC&M, July 1984. p. 46-50. 
Describes thee tests used to  identify problems in motor insulrttion resistance. 

“Vihration Monitoring Prolongs Electric Motor Life.” Muinteirance Technology, November 1992. p. 5 1-54. 
Description of successful use of vibration monitoring on electric motors to anticipate prohlems for correction 
hefore failure. 

Weiss, Raymond H. “Selecting and Specifying a Large A-C Motor Rewind System.” Conference Record of Annual 
Pulp and Paper Industry Technical Conference, 1993. p. 161-164. 
An excellent description of Various insulating specifications for large motors exposed to envirolmiental stresses. 

Zeller, Edward. “Motor Efficiency is Not Hurt By Careful Rewinds.” Power, October 1984. p. 142 - 143. 
Suminary of EPRI study of motor rewind effkiency and burnout temperature. 

Fact Sheet written by Jolmny Dougltiss and Vince Scliueler, WSEO. 
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