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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.

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
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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 are 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
commercial 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.

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-
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tric Power Research Institute, the State of Washington, the Washington State Energy
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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 the report.

Acknowledgments

The authors wish to thank the Electric Power Research Institute (EPRI) and the Bon-
neville Power Administration (BPA) for funding this project. Particular thanks are due
to Ben Banerjee at EPRI and Craig Wohlgemuth at BPA for their support and direc-
tion. Invaluable advice and review comments were provided by Wallace Brithinee of
Brithinee Electric, Steve Darby of Darby Electric, Richard Nailen of Wisconsin Elec-
tric Power Company and Ray Saddler of Canyon Motor Rewind.

This project was a team effort at the Washington State Energy Office (WSEQ). We
would not have been able to deliver this project without help of word processing sup-
port from Kim Acuff, clerical and data entry from Marilyn Van Arkel, and support
from WSEQ’s information systems team. Graphics and layout were designed by An-
gela Boutwell and Kristi Kaech in WSEO’s graphic team. The editing of Mary Nell
Harris at Wasser Communications added considerably to the clarity of the final
product.

Preface

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 Efficiency—Phase | 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 information on any of these reference materials, contact the Motor Challenge Infor-
mation Clearinghouse, P.O. Box 43171, Olympia, WA 98504-3171; 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/organization.
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Section 1 |

Iniroduction

This guidebook provides utilities with a resource for better understanding and develop-
ing their roles in relation to electric motor repair shops and the industrial and commer-
cial 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 ter-
ritories,

Motors and the Use of Eleclricity in the United States

In 1991, more than 1.1 billion electric motors were in\()peration (EPRI, 1992). The
American Council for an Energy Efficient Economy estimates that motors accounted
tor 57 percent of the 2,700 billion kWh consumed in electric end-usés in 1988. The
share of electricity used by motors is especially high in the industrial sector (Figure 1). -

Figure 1
1988 United States Elecm(:lty Use By Sector

BkWh
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Source: Nadel et al. 1991 .

Of the motors used in the United States (U.S.), the greatest number, 90 percent, are
fractional horsepower motors (motors of less than 1 hp), which are used in kitchen ap-
pliances, computers, and office equipment. Eight percent of motors used in the U. S.
are 1 to 5 hp motors, and 2 percent are 5 hp or more. Although motors over S 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. (Flgure 2).




. Figure 2
Percentage Distribution of 1987 Motor Population
. by Hlectricty Use and Total Number
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_ Source: EPRI, 1992 .

Changes Aﬂectiny the Molnt'M’url_:él

Over 2 ml]hon motors over 5 hp are sold in the United States each year. After account-
ing for motor replacements and retirements, the motor population will increase approxi-
mately 2.5 percent annually. The number of energy-efficient motors being sold is also
increasing. Energy efficiency is defined by the National Electrical Manufacturers Asso-
ciation (NEMA) standards provided in the association’s Standards for Motors and
Generators, also known as NEMA MG1 (NEMA, 1994). In the most recent revisions
to MG1 in October 1994, NEMA defines minimum efficiencies for energy-efficient
motors in Table 12-10. These efficiency levels are equivalent to those formerly de-
%nbed in Table 12-6C. In prior versions of MG, this table was merely a suggested
standard for future design and NEMA set lower, minimuimn levels for energy-efficient
motors (onomally Table 12-6B, then renumbered 10 12-9 i in 1993). NEMA eliminated
Table 12-9 in the most recent revisions to MG1, and Table 12-10 became the current
standard. Unless otherwise noted, in this report an energy- etﬁuent motor is detmed as
a motor meeting the current NEMA 12-10 standard.

Of motors curremly in production and listed in the J anuary 1994 version of MotorM&—
o ®1

ter " computer software that lists nearly all motors available in the U.S.), 44 percent
meet NEMA’s 1994 efficiency standard. An additional 12 percent of the motors meet

. the former 12-9 standard. In 1990, EPRI estimated that, of all 5 hp motors sold, about
20 percent met NEMA’s 12-9 stdndard By the year 2000, EPRI estimates that motors
meeting NEMA’s Table 12-9 Stdl’lddl‘(l could account for about 65 percent of new mo-
tor sales (EPRI, 1992). thlonal statistics on the market penetration of.motors meetmg
NEMA'’s current, more stringent efhuemy standard are not available. However, esti-
mates mdwate_ 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 by region. Fryer and Stone (1993) estimated that en-

: erg,y—eﬁluent 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 the low tummover in the motor population, energy-efficient motors account
for only a small fraction of all operating motors. In a 1993 survey of motor repair

1 MotorMaster is a registered trademark of the Washington Stzitve‘Energy Office.




- shops the median shop- reported that less than 5 pereenr of the mot()rs they I’dell'ed ex-

ceeded NEMA 12-9 (Schueler, Leistier, and Douglass, 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 industrial settings and industry experts place penetration
rates of energy efficient motors in 1989 at under 5 pereent of the mstalled motor base '
(Nadel et. dl 1991).

Utility rehate programs have increased the share of energy-efficient motors in the mar-
ket. In 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 increased util-
ity competition. Where motor rebates are availableé these programs encourage motor re-
placement over repair. Utility rebates move the point where it is more cost-effective to
_replace a motor than repair it fo higher horsepower. The effects of rebates on the '
repair/replace decision-on motor sales are strongest on motors under seventy-five
horsepower. Smaller Shops feel particularly hard-hit since they are more likely to re-
pair small motors and 1€ss likely to sell new motors or have large motor stocks avail-
able. Smaller shops are also not able to compete as successtully for sales of new
_premium-efficiency motors. Manufacturers offer list-price discounts to dlstnhutc)rs
based on annual sales. Larger volume shops can sell motors at lower prices. If current
trends continue, utility motor rebates will become less common, and will play a less
significant role in momr buymG deusmns

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 MOLoOr repair, interest in such programs is growing. For example, Canadian
utilities-have initiated an aggressive program to encourage rewind shops to adhere to
rigorous quality standards. As a a consequence of the Canadian efforts and recently com-
“pleted assessments by the Electric Power Research Institute (EPRD) and the Bonneville
" Power Administration (BPA), repair shops have become more interested in strategies
for maintaining enerﬂyefﬁcienc'y during repair. The motor repair industry views this
interest in energy -efficient repair as a way to maintain market share.

Why Are Repmrs end Rewinds lmpoﬂnnl"

More motor horqepower is repaired than sold each year. In 199? 2 25 million new mo-
tors over 5 hp (totaling between 75 and 100 million hp) were sold in the United States
(EPRI, 1993). In the same year, between 1.8 and 2.9 million motors over 5 hp (totaling
over 200 million hp), were repaired (Schueler et al. 1994). Although the same number
of motors was repaired as was bought new, small horsepower motors were much more
likely to be replaced and larger horsepower motors were more 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 repalred (Fryer and Stone; 199%)

Improperly repairing and rewmdmcT motors can decrease the efhueney of mdlv1dual g
motors by up to 5 percent. Estimates of the average reduction in efficiency after repalr ’
- associated with current practice range from 0.5 to 2.5 percentage points, and converge
on | percent. However, efficiency decreases are not unavoidable or unexplainable con-
sequences of repair or rewinding. Case studies of rewound motors have shown de-
creased efficiency to be linked to speuhe shortcuts, erTors, or pans suhstlrurmns '

In absolute terms 1 percent decrease may appear mwmequenrml but when the num-
_ber of repairs and motor operating hours are taken into account, the potential energy
“and dollar savings are Sig Onn‘u,ant If all the mntors under 500 lu sepower rep‘nred in




1993 had been repaired with no efficiency losses, motor electric enerzgy use would
have decreased by between 200 and 300 average megawatts (aMW)~ a year. If all re-
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. larue ther-
mal power plants. ' ~

Maintai’ning energy efficiency during repair usually improves motor performance and
‘reliability after repair, signiticantly contributing to the productivity and competitive-
ness of motor repair customers. And because motors whose efficiency has decreased
by more than 5 percent during repair are more likely fo fail early, maintaining energy
efficiency may also save the cost of early replacement. By working with the motor re-
pair industry. utilities can provide information and services critical to helping indus-
trial and commercial customers manage their energy use and improve productivity.
Providing these types of services and education will become more essential as the util-
ity industry faces increasing competition for-customers. :

Quality Motor Repair and 'Energ'y-Ellicienl Perldrmunce:‘ '

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 efti-
, _ciency. Although maintaining energy efficiency durmg MOLOr repair is a process con-
i} ‘ . sisting of many small steps, there are two major elements of the process:

| | dvmdmg the xlmrtcuts errors, parts suhsntunons and other practlces that decrease
eﬁluency and 2

. B diagnosing p()tentlal sources of decreased efficiency by appropnate testmo before
and after repair.

It is not surprising that the Canadian utilities, which lead efforts to reduce efficiency
decreases during repair, have found a strong link between shop quality assurance ef-
forts and the likelihood that motors will be repaired without decreasing efficiency. To

“emphasize this critical link, Canadian utilities refer to their programs as quality motor

~ repair and their. goal as quality motor repair. By encouraging and supporting quality as-
surance and quality repair, efficiency losses can be reduced and the reliability of re-
wound and repaired motors improved in a manner that delivers energy savings and

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 Lompelhng than the energy benefits.

2 An “average 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.)







Orgamization of this Guidebook

_Section 2 outlines the motor repair market in the United States. The section describes
the structure of the industry the factors that influence decisions to repair/frewind, and
the criteria used to select a specific motor shop-to do the work. This section also

- summarizes reeent research and teelmology trends and market changes influencing

quality repair. A discussion of mﬂuentlal mdustry asmudu(ms and motor repair stand-
ards is m(,luded as well.

Section 3 addresses the question, “When should a motor be repalred"” Thisis a ennml
question that electric utilities need to understand when advising their'customers.

Sectioh 4 identiﬁes the barriers to quality motor repair.

Section 5 covers the strategies and mterventmm ut111t1e9 have at their dlqpmdl to en-
courage quahty motor repair.




'Fm:t Slleels Designed for Your Use Wlﬂl Your lndustrml nml
‘Commercial Customers *

Appendices A through D are reproduuble tact sheets. Each covers a technical topic on
motors and motor repair. You are encouraged to.reproduce these fact sheets. They may |
be used as is or modified to include more specific local utility information. Include
them in motor rebate dpphca‘uon packages and distribute them during fauhty audits.
Use them as handouts at conferences or tramm0 events The appendices contain the fol- -
lowm0 111tommt10n -

W Appendix A, Motors and M otof Effi ciency, is a primer on basic motor facts.

B Appendix B, The Motor Repazr Proc ess, is a step- by step description of what hap—
- pens dunng motor repair.

B Appendix C, When to chan——When 1o chlac ¢, identifies the: f‘u,turq motor user
'should consider when deciding when to repair or replace a failed motor. Offers rules
of thumb for when it is wst-eﬂecuve to repair a motor.

B Appendix D, Choasmg A Quality Repair Shop, outlines what the repair (,ustomer
should consider in choosing a quality motor repair shop. It includes speuh(, ques—
tions all m()tor repalr customers should ask motor repalr shopb

Appendix E is an d;rmotated bibliography of important references on motors and motor
- repair. It’s an important source of information for those interested in a more detdlled
drsuusslon of the i 1ssues summdnzed in the gurdehook ‘







Set:lion 2

The_Movvlor‘Repui:r_lﬁduslﬁ - - e

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 and larger shops have longer business histories. Although most of these shops
are independently owned businesses which are not dﬁﬂlated with manufacturers, some
manufacturers including General Ele(,tm We<t1n011()use 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 dollar 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, and these
smaller shops repaired 45 percent of the ‘total m()tors and 25 percent of the tota] horse-.
power (Figure 3).- :

~In 1993, motor repair shops repaired between 1.8 and 2.9 million motors totaling over
200 million horsepower. These shops had $2 billion in gross annual motor repair reve-
nues, over 70 percent of the shops’ revenues from all sources ($2.75 billion). As a

"point of reference, NEMA's nembers—which are companies that manufacture prod-
ucts for the generation,’ ‘transmission, distribution, and use of ele(,muty——have annual
shlpments for all products of approxunately $ 100 billion..  ~ ’

Figure 3

Share of Motor Repair Market
By Size of Shop
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Repaired R

X BOver 50 -
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Services Prov:ded by Repmr Slmps

Almost all repair shops pr()v1de some services Other than motor repalrs and rewinds.
Ninety-five percent of shops'interviewed in 1993 sold new motors, Elghty percem sold
or serviced other electm,al equ1pment '

Although repair shops provide other services, 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-small shops are less likely to sell or service electrical equipment other
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~than motors. Half the smatler shops sell and service equipment other than motors, com-
‘pared with nearly all of the larger shops. Fifty-four percent of the shops contract out

some work. Machine work, tormed coils, halancmg, and small armature work was con-

tracted out most frequently

Most shops répdlr motors for a broad spectrum of industrial and wmmerual clients.
At the same time, many shops develop application or industry-specific expertise in
which much of their business is concentrated. Smaller shops are more likely to work in

*_the commercial, agricultural, and general- manufacturing sectors. Large shops dominate

transportation, manufacturing, and heavy industry sectors. This is not surprising since
motors in these sectors dre larger and more complex and require equlpment and exper-
tise small shops d() not have

Two-thirds of the shops pmwde planned maintenance and inspection services to some
clients. According to one motor frepair customer, many of the motors sent out for
planned maintenance do not get repaired. Most are sent for cleaning, inspection, and ‘
balancing (Nailen, 1993). Planned maintenance accounted for 5 percent of the total mo-
tor service business for the median size repair shop. Large shops are more likely to

~ service motors on planned rotation. Almgost one-quarter of the motors serviced in shops

with more than 15 employees are on planned maintenance.. Planned malntenance ac-
Lounts for only 10 percent ot the motor repair market.

‘Whnllhe Customer thls s Molor Repmr Industry Perspective

In a 1994 survey (Schueler et al.), 65 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 that the factor is not important and four indicated that it is
very important- Ratings are summarized in Table 1. '

- Three selection criteria were rated as very important by almost all the shops; these cri-

teria are factors that af/ shops feel their clients value and understand: fast turn-around

-time, quality control and reliability, and technically skilled and expert staff.

Three selection criteria were rated very important by about hdlf of the respbﬁdents,
these criteria were factors the shops feel are important and understood by some of their
customers: the range of repair services offered, the quality of material used, and the

Jlength of the working relationship. Large shops were significantly more likely to rate

the quality of materials and range of service as very important to their customers.

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 reflect 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 tum-
around times required by their customers. Shops understand that when a critical compo-
nent fails, it must be 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 arenot aware of the pressure to reduce costs relative to
replacement or that cost issues are not important to clients. Instead, it means that once

' ~the deusmn 1O repair is made, shops beheve that clients are willing to pay to have re-
-pair done ri ght and on nme

Inform ation and reporting (’)ll motor repairs and tralmng support services were rated the
least unportant services to customers, although larger shops were more likely to rate
thése factors as more 1rnp()rt¢nt '



Those interviewed indicated that customers did not choose \h()ph hased on their dhlllty ,
{0 maintain energy ethuency during repair or the shops’ experience rep‘urm0 energy-
- efficient motors. The maintenance of energy efficiency was not introduced-as a rated
" factor in the questionnaire and none of the respondents mentioned if unaided.

~ Shops reported that customers seldom prtwide any repair specifications, much less
specifications for maintaining energy efficiency and that their clients often do not have
the information-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 specitications beyond the requirement to return the motor to its original ¢on-
dition. Of those shops that did report receiving customer specifications, the most com-
mon specifications were for insulation levels, vam1sh winding pattemns, or for meeting
special operating conditions. Detailed speuhcatums for motor repair of any type are
the exception, rather thanthe rule. No shops reported customer specifications for main- .
taining energy efficiency. :

Table1 )
S Motor Repair Shop Ratings of Reasons
T - Their Customers Choose Repair Shops
1 = Not Important 4 = Very Important

o o  Number of ; Average Percéllt'Ratecl
Factor "~ Responses - Rating Very important
Fast Tum-around time 65 378 L 82%
Quality control/reliability 65 3.78 82%
Technical skills/staff expertise 65 3.71 2%
Range of repair service offered 65 3.52 57%
High quality materials/components 65 3.35 55%
Length of working relationship 65 3.32 52%
'L()w:C('>"st o o 6S ' . 32%
Information and .repr)ning . » .
On repairs o4 2.56 o 20%
‘ 'Tr‘umno and support services. 62 - 240 - 14%
Recent Developments

‘ New Research Initiatives

Core-loss Testing. Much interest has been directed toward core-loss testing. Core de-
fects cause local-or generalized overheating in the core. which may increase energy
losses and shorten winding life. Core-loss testing is still primarily used to.excite the
core electromagnetically so that local damage like lamination shorting could be de-

“tected as hot spots. This is certainly-useful, but core-loss testing also holds the promise -
of assessing the overall health of the stator iron both before and after winding removal.
This assessment would allow repairers to determine first if the motor was worth repdlr—
ing, then to document whether the combination of winding removal and repair im- ¢
proved or degraded the core condition. Both of these determmanom are valuahle
information to the repairer.and cuqtomer

The Canadian Electrical Association and LTEE Laboratories of Quebec have heen re-
searching performance of core-10ss testing using commercial core-loss testers and
standard electrical shop equipment; this work is still in progress. The Brook Compton -
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C()mpdny in Great Britain is doing related research. thtle has been puhhshed at this
date, hut some general facts are emerging:

] Core—loss test methotls do not excite the core identically to the actual stator winding
with & rotor in place. Therefore, core losses in watts per pound, while related to Core
condition, 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-
lial magnetic flux through rotor teeth which occurs during motor operation.

B The interlaminar core ledkaoe is very sensitive © many conditions that can change
quickly or inadvertently. These conditions include tightmess of core compression,
impacts, exposure to corrosive or oxidizing conditions, and small surface %ratches
or smears from machining or sdndmg :

Bl The observed core losses may vary depending upon the deswn and accuracy of the
devices used for measurement.

B Measuring a mot()r 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 de-
pends not only upon weight, but on other details of the iron and core construction,
which are generally known only to the manufaCturer.

Ongoing research may lead to standardization of core-loss test methods, and d()cumen-
tation and puhhcahon of mchwdual motnr core-108s service limits.

Innovative Wire Enamel. -In many applicati()m very 1aroe %avincs‘ can be reaped by
varying motor speed with a variable frequency drive. Modern drives place a 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 20,000

times 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 tum-to-turm poten-
tial that can cause the thin enamel wire insulation to fail. -

Products are being developed to address 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 thicknesses—single-build, 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 thlckness may reduce turn-turn failure. .

Coatings with other materials ‘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 tum-to-turn failure, chspl&ces space for copper in the stator slots. Motor and
wire manufacturers and motor repairers aré working to find optimal solutions to this
problem.

Technology Trends

Machine Wmdmg Many new motors are factory-wound by machines thar insert coils

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 ti ghter stot fill than manual methods can.



Machine insertion is not practical for motor shops because rhe machines have to be de—,,

signed and configured to a specific single product line. Machine insertion is part of the
reparamhty issue. Repairers and sophisticated motor users are dskmo manufacrurers to
build a motor that can be repdlred to factory perf()rmame ‘ ‘

Shop Equipment. The eqmpment used for repairing motors has changed little over
many years. It remains a process of manual labor where craftsmanship and an abun-
dance of practical experience are essential for pmduct quality: And much of a re[mr
‘shop’s work does not seem readily adaptable to more modem methods; the mmrou)m-‘
puter has not even magde it mto many shops.

Asa countexpoint., sc)nl'e in the repair industry feel repair methods are indeed amenable -

to modernization. They maintain that more inventive energy should be applied to the -
ghdllen},e Si gmflcd.nt advances have certainly been made in testing methods and equip-

~'ment. Commercial core-loss testers are one example. Surge comparison testers have be-

come a a valuable tool for performing a variety of diagnostic and verification tests.

~ Many shops have upgraded their power supply capability by constructing variable volt-

“age transformers from surplus wound rotor induction motors. Sophisticated computer-
ized vibration monitoring equipment is being used in some shops for rotor halanunc .
- equipment and for bearing dlagnom and even elecmcal dld“l]()bls

Much of the equipment developed in recent years has improved the potential fora -
good diagnosis and quality repair, but innovations for saving labor are sorely needed.
One technology that has the potential for tabor saving is information technology. A fre-
quently updated on-line or diskette based data file on. motor 1ew1ndmv information is
needed. Much time is wasted by repairers ﬁgurm0 out a motor’s existing configura-
tion, e.g., bearing types; winding pattems, tums, gauge; acceptable core losses, no load
current, winding resistance; etc. A urniversal data base of these parameters should be”
prepared for at le‘m all motors in current dn(l future pr()duutlon

Motor Repuir induslry Trends'

The motor repair industry is in a state of transition. In a 1993 member survey spon-
sored by the Electrical Apparatus Service Association (EASA), the primary industry -
- association of the motor repair industry, almost 75 percent of those surveyed reported
their profitability had decreased over the past 2 years. Shops attributed decreased prof-

Jitability to increasing labor costs, a decreasing market for repair work, high-tech speci- -

_fications, increasing costs for meeting government regulatmns and customers with
more sophlstlcated demands for servmes (Brutlag and Associates, 199’%)

One reason the nmrket 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/replace decision point appears to be driven by i increasing
repair labor costs. In high-priced labor mdrkets such as Hawaii, the break-even pomt
~may be as high as 40 to 50 hp.

The motor repair shops surveyecl in 1994 mirrored these C(i)llcems. (See Schueler et al.,
1994). When asked to describe the major challenges facing them, shiops most fre- »
quently mentioned the general shift from motor repair to replacement, the eroding U.S.

- industrial base, increasing costs of complying w1rh 0()vemmenr reoulatlon an(l ncreas-

mu labor and equlpment costs (Table 2). . e
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Table 2.
MdjOl’ ‘Challenges Faced by the Motor Repdlr Industry

N

Survey. Resp()ndems (multiple responses ac ccpfed) (N= 62 )
- Technology change/Shift to motor replacement : 24%
Low cost new motors ' , - 21%
Weak economy/Declining mdustna] base 18%
[Environmental/Govemment regulations - 18%
Increased costs forlabor, equipment and materials 16%
New energy efficiency standards 10%

. Competitive market . - ‘ - 8%

Other . - ] -3 o 19%

Repair shops are under tremendous pressure to reduce costs, improve quality assurance

and technical services, and reduce lead times. Atthe same time, the mix of motors that

shops are asked to repair is changing w1th increased market penetmtlon of energy-effi- )
_cient mot()rs

.o

Motor Repair Industry Associnlinns

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 199’%) - -

Elei:tricul Appurnhns Servicé Associulion‘

The primary industry association in the motor repair industry is the Electrical Appara-
tus Service Association (EASA). Slightly under haif (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 reason: much of the nation’s motor

repair work is done by the me(hum-slzed shops that make up the maJ()nty of EASA’s
memhershlp : ~

EASA provicles its members with publications, computer programs, and training semi-

_ nars designed to improve the quality of their motor repair practice. The association’s
publications include fact sheets and technical notes on hest repair practices and 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 an annual membership directory listing members

by state and city. The directory includes good basic information on the capabilities,
services, and equipment of listed shops. It is a valuable resource tor locating rewmd
shops in utlhty service territories.

 EASA has been active in workmg with shops to improve motor repair practice. .

- Among its recent efforts is the EASA - Q: Quality Management System for Motor Re-
pair, a a detailed written quality management qystem for quality motor repair. (EASA Q
is discussed in more detail Iater in-this section.) -




~ 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 wnung to: EASA;
1331 Baur Blvd., St. Loms MO 6%1’%2 (916) 993-2220.

Key EASA contacts are: Wally Brithinee-for enomeenno matters, (909) 825- 7971
and Dave Gebhart for (>rodmzat1(mal matters, (2 14) 993- 2220

Nntiqnul Electrical Munufq_clurers Associution

NEMA is a non-profit association of manufacturers of electrical apparatus and sup-
plies. It has more than-600 member companies _that manufacture products for the gen-
eration, transmission and-distribution, control, and end-use of electricity. One of'its.
primary missions is to develop standards 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 prov‘idef
guidance on performance and construction, safety, and testing procedures, and they are
used toedetermine which motor etﬁuem,y levels are deemed energy efficient.. Contact
NEMA hy writing to: NEMA 2101 L Street NW, Suite 300, Washington, DC 2()()?7

lnshlule of Eleclncnl tmd Electromcs Enymeers

The Instltute of Eleunuj ¢md Electronics Enomeers (IEEE) is a:non- profit protes-
sional society for electrical engineers. IEEE is a leader in developing and disseminat-
ing industry standards on electric motors and related materials. IEEE standards cover
hoth general practices, sud1 as energy conservation practices in general facilities, and
detailed test procedures. The IEEE materials most applicable to motor repair practice,

are motor testing standards, such as IEEE Standard 112 Test Procedure for Polyphase .

Induction Motors and Generators (1991 ). IEEE Standdrds can be ordered from: IEEE
Customer Service, 445 Hoes Lane P O. Box H’%l Plsuttdway, NJ 08855- 1331 (8()())
678 IEEE)

Slundnrds nnd,Specilic&lions

Two types of standards 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, and calcula-

tions. While they inform shop-floor practice, they are designed more for use in

laboratory settings. They do not describe when tests should be pertormecl inn a repair

’settm(' and what (,rm(,al readmos are.

Motor repair standards cover a wide range. There is a strong framework of Ueneml
quality assurance standards-in the repair industry, as well as strong standards wvermg

specific aspects of motor repair. The major weakness Of these standards is that they are _

either very general or very detailed and complex. In either case, they may not transfer
well to the shop floor or to the motor repair customer. There are no model mdustry
standards or speuﬁcatmnb which focus exclusively on the energy-related aspects of

motor repair, with the possible exception of IEEE Standard 1068-1990, IEEE Recom:

mended Practice for Repair and Rewinding of Motors for the Petroleum and Chemical
Industry. Most motor repair experts believe that existing standards provide a sufficient
framework, and developing new standards is not warranted. The ’crit_iéal need is teo de-
velop tools and methods to communicate essential elements of standards clearly and
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effectiveiy and incorporate 'energy efficiency considerations in these standards. The
1994 EPRI and BPA Model Repair Specifications are designed to meet this need. The

-remainder-of this’ se(,tmn desmhes this \tdl]ddrd and other relevant standards and

speunean ons

EPRI and BPA Eleclnc Motor Model Repair Spec:hcuhons |

The sthmgton State Energy Office is eurrently (,omplhng Model Repair S‘peuf ca-
tions for Electric Motors. The specification draws from the best of repair specifications

- currently available. These repair specifications outline recommended minimum require--

ments for the repair and overhaul of polyphase, alternating current (AC) squirrel cage
induction motors. The specifications recommend procedures for inspection, winding re-
moval, repair, testing, quality-control, and documentation. These model specifications
can help motor repair customers to communicate expected levels of performance to re-
pair shops. The specification also includes sample forms for submitting repairs and re-
porting key test results. These specifications are currently in revxew and should be
dvulahle in edrly 1995, :

For information on oﬁtalmng coples ()r the epeuflcatxonb contact the Energy Ideas

Clearinghouse at the sthmot(m State Ener;,y Office.

EASA-Q: Qu(ﬂily Munugémenl System for Motor Bepﬁii' |

In 1993, EASA completed broad quality assurance‘specificaﬁons for motor repair shop

.operations, known as the EASA-Q Quality Management System. EASA-Q incorpo-

rates all the elements of the International Standard Organizations (ISO) 9002-1994
Quality Management Standard. 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 performance measurement.

Certification of compliance to entry level of the EASA-Q system is determined by in-
spection by an independent third party using a detailed check list. Level I and II certiti-
cation is based on customer \urvey results and warmnty wsts as a percentage of total
sales. :

EASA—Qrcertiﬁcation 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 System does not comprehensively adidress issues related to maintaining energy ef-
ficiency during repair. However, the EASA-Q system may be updated to address these
1ssues in the future.

Some non- EASA shops report thd[ they have developed their own mdependent quahty
assurance standards. These ¢ are typically developed on a case-by-case basis. These
should be requested md compared tothe EASA standards to ensure they are compre-
hensive..

International Standards Orgamzuhon lSﬂ 9002- 1994 Quality Mnnugement
Siundnrd ‘ '

The ISO 9002 Quality Managemeht. Standard is widely accepted in the industry as the
framework for Quality Assurance Standards. The ISO standard lists the essential ele-
ments quality assurance standards should includé. If a repair shop indicates that it does

' have a quality assurance standard and procedures, other than EASA-Q, staff should be
asked if the standard conforms to ISO 9002. The ISO standard can be exceeded and



additional elements included. For example, the EASA-Q standard'includets‘additional .
- practical guidelines and information specifically targeted to motor repair issues.

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

Supporlipg.(:omponehll qnd Testing SIundt_irdS

Quality assurance standards incofporate references to specific testing and component
_standards developed by industry and professional associations including Underwriters
~Lab (UL), IEEE, NEMA, and the American Beaﬁno Manufacturers Association
(ABMA). These standards gover specific elements of the repair process and repair re-
qu1rements for specific- 4pphcanons Essentml supportmo standards include:

ABMA , , : , R :
Standard 7 - Shaft and Housing Fits for Metric Radial Ball and Roller Bearings-
IEEE /

Standard 43 ,Recommena'ed Practzce for T estmg Insulatwn Reszstance of Rotatzng

Machinery:
Standard 112 Standard Test Procedure for Polyphase Inductzon Motors and Generators
- Standard 522 Guide to Testing Turn-to-Turn Insulation on Form-Wound Stator Cozls
’ ‘ Jor Alternating Current Rotating Electric Machines - ;
Standard 1068  Recommended Practice for Repair and Rewmdmg of Motors for the =
‘ : Petroleum and Chemical Industry

NEMA N
Standard MG-1  Motors and Generators
Standard 674 - Electric Motors and Generators for Use in Hazardous Locations







Section 3

,umlerslundmg When to Repmr : e
and When to Replace P S

When a motor fails, the first decision the motor user faces is whether to repair or re-
place the motor. By helping indusirial and commercial customers understand the com-
plex issues associated with this decision, utilities can pmVIde 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:

M How will the decision affect downtime? -
‘ M Is the motor reparable? :

| What are the first cost differences between repalr and purehase (the first eost forre-
palr is the repair price only, the first cost of motor purchase is purchase price only)?

H How wﬂl the decision affect operating costs"
| What are the dlfferenees in reliability for anew versus a repalred motor"

B What are the s1mp1e payback erltena or rate of retum"

In this secuon we outhne 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 special issues re-
lated to the repair or replacement decision for energy-efficient motors. '

—

How W:ll the Declsmn A!lecl Downhme"

From the motor user’s perspe(,txve one of the most unportant considerations in decid-

ing whether to repair or replace is which option causes the longest producnon down-

time. ThlS 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 repair-

and replace options. Out-of-service costs are also significant, though they are some-
" times more dxfflcult to measure in commerual sector applications. ~

Exther opuon repairing or replaemg the motor can be faster A typu,al tumaround tune
for repairing a 50 hp motor, assuming parts are readily available and no-machining i is
needed, is approximately three working days. A rush order, which commands a 20 per-
cent premium, can decrease turnaround to two calendar days. Turmaround time- may in-
“crease by a day or two for motors over 200 horsepower because of longer burm-out
times, longer times.needed for winding and other repair processes.-and the need for L
subcontracting tasks like formed coil work.

If the user decides to replaee 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 hp are usually available off the
shelf. Non-specialty motors between 100 and 500 hp are often in stock at the




* 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 dis-
tributorship or at the manufacturer. ‘They may take up to several weeks to replace de-
pending on the specification. These 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 hkely to be repalred than replaeed

A final factor that affects the downtime calculation is whether baekup 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.

Tune pressure isless of a factor for motors that are 1nspeeted 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 fr only about 10 percent
of the motor repair market. Nevertheless, the market share for planned mamtenance is
: meredsmg

£ ls Ihe Molnr Repuruble'-’

Almost any motor that has faﬂed can be repzured The real question is, “At what eost"”
The majority of motor failures consist of seized bearings, winding burmout, 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 disassembly 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. :

Whn! are Ihe,’i'irsl Cost Differences
Between Repair nnd‘Purclmse.-?

The dlfference between the cost of buymg a new motor and cost of repairing and re-

winding an existing motor is the second biggest factor influencing the repair/replace

decision. This dlfference 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 speualty motors.




The lmpuef of Horsepower on Frs! Costs

For non speualty motors under 10 hp, it'is more expensive to rewind than to purehase

‘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 ratio of rewind costs to new purchase
price for 1800 RPM TEFC T frame motors using data from Vaughen 51994 Pricing .

Guide (Figure 4). In this example new motor costs include a dealer diseount. Two re- 4

‘wind options are examined: a minimal rewind, and a rewind that includes some minor

additional repair work (furnishing and mstalhno 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-Speeialized motor is between 5
and 10 hp (Vaughen’s, 1994) If any addltronal repairs are needed thls point is be-
tween 10 and 20 hp.

Motors are often not repalred unless repalr and rewmd eosts are less than 50 to 75 per-

- cent of the cost of 2 new motor. The energy savings realized from buying a premium-
efficiency motor over standard efficiency combined with uuhty 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 motors. It is more
economical to rewind larger horsepower motors because new motor costs increase
much more quickly-with horsepower than rewind. cost. Anew 500 hp, 1,800 rpm,
TEFC motor costs 30 times what a similar 25 hp motor costs. However, rewmdmg a
500 hp motor 1s only 10 times the cost of rewmdrng a similar 25 hp motor. '

‘ Industry observers report that the break-even point for purehdsmg new motors is Shlft—

~ 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 automatlcally ,

replace instead of rewind motors up to 50 hp. ‘ :

i Flgure 4 :
Rewmd and Rewind/Repair Cost as a Percent of New
Motor Cost -- 1800 RPM, TEFC Standard Efficiency
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The lmpacl of Moior Type and Speed on I-'lrsl Costs

The costs of rewmdmg or purehasmg also vary srgmﬁeantly 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




speualty motors are more strlkmg It eosts 100 30 percent more to rewind a speualty
motor. However, a new specialty motor is two to four times the cost of a new TEFC -

- motor. These price premium multipliers are for general companson only since actial -
prices will vary depending on Iocal wage rates, dealer and- repalr discounts, and the spe-
cific repalrs reqmred ’

First costs dominate the repair/replziee decision for larger and specialty motors. The
cost differences in absolute terms for individual motors over 50 hp are significant—at

e Teast $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

. motorwith a premlum—efﬁueney ora standard—efflueney model.

Figure 5
Average Ditterence Between New Motor and Standard Rewmd Cost For 1800 RPM
Motors by Motor Type and Horsepower .

$20,000.
. $18,000 1
" $16,000 b
$14,000
$12,000 -
$10,000 4 -
$8,000 -
| $6,000 1
$4,000 1 E

 New - Rewind Cost V

. ﬂdrsepower Category

Final costs to include are addmonal 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 cQsts can be affected by any changes in energy use caused by repairing a -
motor or switching to a new motor. The sources of the differerice in operating costs
can be changes in efficiency level caused by repair or by changing to a new motor with

2a different efﬁueney level than the old motor (from standard to premium-efficiency,
for example) »

Changes in Energy Use leferenees in energy cost between repamng md replacing a
motor can be estimated with the formula: -

Equation 1:

- Energy. Cost Savmgs = Hours of operatzon * hp * Load * .746 * (Y0O/(ERr - IL) -
’IOO/ERn)*EC




Equatron 2;

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

Where:

Load " = .Average motor load ‘ L

ERr - = Original Pre-Failure Efficiency Ratmg for the rewound motor. ‘
‘IL - = Reduction in efficiency (percent) that results from rewmdmg

ERn = Efficiency Rating-of the New Motor

EC = Local energy charge (cents kWh) .

MDC = Monthly Demand Charge

NM - =  Number of months demand charge dpphed

Ineremental Energy Benefit = Energy Costs Savmgs + Demand Costs Savmgs

Motor horsepower and efficiency data are norma]lyfound on the motor’s nameplate.

Discussions with motor laboratories concerning research in progress suggest that moni- -

- -tored values formotor efficiency deviate somewhat from nameplate ratings. However,
nameplate ratings are a good guideline. Reliztble data for the hours of operation and
motor load 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 approaghes for measurmg maotor Ioad :

Motor efficiency is generally not an‘lmportant 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 efﬁueney 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-offs between load, efficiency, h()urs of operatlon h
and motor speed see MeCoy etal., 1992 ,

Assuming the appheanon and motor type are not Lhanged the energy cost dlfferenees
between the repalr and replace options are based on changes in motor efﬁcrency
,These (,hanges can ongmate in three areas: : : ~

B Motor efficiency decreases after rewtnd. 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 (Sehueler etal., 1994; Zel-
ler, 1994) ; ;

B Efficiency zmprOVements 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 efﬁmency of
available motor stock are not available for all motors. The limited data that are avail-
able suggest that efficiency levels of standard motors have remained unchanged
over the last 20 years. ' : : ~




M Data are avallable on the average efﬁuency 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 between 10 and 50 hp decreased, however. Note that
the 1994 data does né)t reflect the impact of the new national motor efficiency stand-
ards, the regulatxon 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
1800 RPM ODP Motors '
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Energy -Efficient Motors. What has changed since the 1970s is the market penetration
of energy-efficient motors, particularly for 1arger motors, Since 1987, sales of energy-
_efficient motors (those that exceed NEMA Table 12-9) has grown by 8 percent for mo-
tors of 1to 5 hp, 11 percent for motors of 5-to 20 hp, 18 percent for motors of 21 t0.50

, “hp, and 16 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 ufil-
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 hp. In effect, rebates increase the break-even point
- for replacement versus repair by 10 to 20 hp (Figure 7).

“Figure 7
Repair vs Replace wnth Premmm-Eﬂlclency Motor: Flrst Costvs
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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 ofen-
ergy benefits that result from replaung 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
- $9.00/kW). The use of two years of -savin’gs'”ls a proxy for a two year payback. -

, Flgure 8
Repaur vs Replace with Premium Efficiency Motor: First Cost vs
- Two Years of Energy Savings -- Motors 75 hp and over -
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- When energy savings and additional purchase costs alone are considered, motor users
can realize a payback penod of two years or less when they replace motors of up to 25

'hp. When a typical utility rebate is mcluded the break even point increases to 50 hp
For' motors over 75 hp, the motor user would save more 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 characterlstlcs

~ could drive the decision to replace down to those motors of 5 to 10 hp.

What are the Differences in Reiiubilily
for a New Versus a Repaired Mnlbr?

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 quahty, the user will not see these beneﬂts

Motor salespersons argue that the overall qualit'y 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. All of the potential for downsizing is

- not always used, which can result in some slight oversizing compared to design re-
qmrements This extra margin can 1mprove heat dlSSlpatl()I’l Fmally manufaeturers




often bundle enerngefﬁciency features in new energj—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 burn-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.

) Flgun 9
The Repair Cycle
A ’ ’ '
’ Frequency of occurrence
of product breakdown
N . ~ 7 Time _
Dstallaion | Normal Service —I OldAge

~ Either a quality rewind or an energy-efﬁcxent new motor may extend motor operating

life. The jury is out as to which is better. Although no empirical studies have been 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

‘rstandard efficient motor.

- Whnl are the Slmple Puylmcl: Crllerm or Rate of Relurn'-‘

Incrementdl cost mfomlalmn and energy savings estlmates 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 offefs a useful shortcut. In simplified form, the payback fonnula for ana-
lyzing a rewmd/energy -efficient motor replacement is: :

" Equation3: PB=NC+ IC-RWC- UR

ECS + DCS
where \ o
PB = Simple payback
NC = 4 New motor cost -
IC = Incremental installation costs (1f any)
RWC = Rewind/Repair Cost
~UR ~ = Utility Rebate (if available)
ECS = Energy Charge Reduction (Equatlon D

DCS = ‘Demand Charge Reduction (Equation 2)
Downtime and rehablhty may be considered qualitatively.




Example ’

A:50hp l ,800 rpm TEFC motor has failed at ACE manufacturmg A spare motor is avaﬂ-
able so downtime is not a consideration. The motor runs 12 to 15 hours a day (5,000

I hrs/yr) and does not appear to be significantly under or over loaded. Since the local uuhty
| 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 discount is $2,550. The utility rebate is $8/hp or $400. Local utlhty rates are

$. OS/kWh for energy and $9.00/kW for demand

- | The original efﬁuency of the faﬂed motor still legible on the nameplate is 91 percent.

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 a0.72% efficiency decrease. .

Energy Savmgs = 5000 hrs x.50 hp x 75 (load) x.746 x
~ (100/(91 - .72)- 100/95) x §$. OS/kWh
=$384.89

Demand Savings = - 50 hp x .75 (load) X 746 X
(100/(91 - .72)- 100/95) x $9. OO/kWh X 12 (months)
= $166.27

Payback = $2.550 - $1.100 - $4
g $384.89 + 166.27

= 1.9 Years

The energy savings from replacing the failed motor w1th a premium efflcxency motor will
pay back the costs of the new motor in 1.9 years. The net present value, assuming a 20

After inspecting the failed motor the repair shop finds bearings need to be replaced. The

percent discount rate and five years of energy savmgs is $928

The “new versus rewind” compare. option i'n‘MOtorMaster conveniently calcu- -
~ lates simple payback. The program also prov1des 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 fa(,tored into the comparison.

Specml lssues for Repmrmg Energy—Elhclenl Mnlors

The increasing market penetratlon of energy—effi(:lent motors has raised some speual
issues. Further gains in efficiency above currently- -availablé, premium-efficiency mo-
tors are at or near the point of dummshmg returns if there is no fundamental change in
the teehnology As the penetration of energy- -efficient motors increases and currently

used, standard-efficiency motors fail, energy-efficient motors will show up on the shop ’ ‘

floor. In 1994, only 5 10 10 percent of repaired motors were €nergy efficient. One con-
sequence of the increase inthe 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. Potentla] increases in rewound motors raises two
questmns , :

7 W Can Energy Effi czency in Rewound Energy-Ejftuent Motors Be Maintained: ? Ttcan..
In 1991, Ontario Hydro conducted a case study in which nine energy-eff‘ uent :

1
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- 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 reported for repairing energy-efficient motors, .
such as controlling for core: loss and closer tolerances, are in fact shared with all
new.motors. ' o :

W Does it Cost More to Rewind Energy-Ejﬁcient Motors? . Repairing a premium-effi-
ciency motor may be 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.

4Pu|l/_in'g It "All-Togei_lier

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

the rate 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 hour/high rates case is almost 1dentlcal to the 8,000 hour/average rate case °

~ soitwasnot graphed

Payback estimates may be inflated by the srmplrfymg assumptrons used. We made the ’
following assumptrons : ,

| Bearmg replacement and other repairs were not 1ncluded in rewmd costs, so they are
generally underestimated. : ‘

R Ut111ty rebates were excluded smee -they are less commonly available.

B Assumed efﬁcreney for the failure motor- ‘was the average 1994 eff1c1eney of motors '
- not exceeding NEMA standard 12-9, :

B The efficiency of the replaeement motor is the average for motors exceeding NEMA
12—9 ; e

- : W If speeralty motors were analyzed srmple payback curves would be srgmflcantly

higher and steeper.
B Motor load was held constant at 75 percent.
Given these assumptions we ean draw some important conclusions:

B Motor replacement doesn’t pay 1ts cost back n two years when a motor is operated
under 3;000 hours a year (one shrft)



M In areas with low rates, Such as the Northwest, rewinding rhay be the more attractive
~ option for motors over 15 hp. In hlgh rate areas, the balance pomt may be as hlgh as
150 hp. S

.l With the posmble exeepuon of high ut111ty rate dreas, replacmg arewindable motor
is not economlcally attractlve over 100 hp. : ;

-~ Figure 10
Payback Analysns Energy Efficient Motor Replacement (NEMA 12 -9) Vs, A
- . Basic Motor Rewind: 1800 RPM Standard Efficiency TEFC Motor
For Selected Operating Hours and Utility Rates
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Rules of Thumb

In some cases, a detalled analysis mcludmg motor repalr bldS and new motor price
quotes may be needed to determine which course of action is in the best €conomic in-
terest of the customer. However, in many motor applications, the benefits of pursumg
either thie repair or the replace option are so pronounced that a  detailed analysns is not
needed. Here are some rules of thumb to gu1cle the decision. :

B Evaluate whether elther opllon—replacmg or repamng—wﬂl add to downtlme for
critical equipment. :

Il Most spemalty motors should be rewound. They are eons1derably more costly to pur- /
chase new and are less hkely to be in stock. ,

I Itis a]most always more economical to replaee non-specxalty motors under 10 hp
‘Repair costs are equal to.or hlgher than new motor costs, and these motors are very

likely to be in stoek.

‘B It is almost always more economical to rewind motors over 100 hp. New motor
costs rise steeply after 100 hp, and energy-efficient replacements may not be in
~ stock. For heavily used motors in areas with high utility rates, it may be necessary
- to analyze the benefits of replacing non-specialty motors of up to 150 hp.
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-~ Steps for Deq:iﬂing'ln Repair or Replace a F i;iletl Motor

The féllowing flow chart is 'provided asa guide_'for the decision process. Appendix C
takes the stages in this (1e¢isi()11, process and elaborates on each.

IStep 1: Address Downtime CQnsideraﬁ;)ns
oy
Step 2: Assess\Whethef Gurrent Motor Is Opﬁmal for the Applicaiion
i |
Step 3: Determine if a Detaited Anquéis Is Neédéq .
. Stop 4: Obtan Bids

!

Step 5: Galculate Energy and Operations Savings

. Step 6: Calculate Financial Impact




Seclion4d

Barriers lo 'Quulily ’Mdlhor Re'puirvund;li‘eWind 0

Quahty motor repair is-a eumulatlve process that requlres gettmg many small details ,
nght These details melude but are not limited to:

W Using the correct replacement bearings.
B Proper Greasmg,

B Avoiding meehanledl modlﬁcatlons to bearmgs bearmg fits and seals durmg dlsas- ‘
sembly or reassembly. ‘ : :

B Avoiding overhedtmg the core dunng winding removal

B Protecting core 1am1nat10ns during repair to prevent shorts that result from sand
blastmg, mishandling, or assembly pressure :

I Maintaining the circular mlls and number of tums in the wmdmgs

| Md.lntmmng properly de51gned wmdmg pattems

l Replacmg loose or cracked conductor bar:s wu:h similar parts.

_l Detecting and nepamng damage to end shields and bent motor shafts.

M Maintaining the air-gap symmetry between stator and rotor.
Many of the ﬂlillgs that can go wrong during repair to decrease reliability and motor

- energy efficiency are subtle, and they require testing to diagnose properly. A detiiled
discussion of motor testing during repair can be found in the companion report to this
guidebook Electric Motor Repair Industry Assessment: Current Practice and Qpportu-
nities for Improving Customer Productzvzty and Energy Eﬂiuem y (Schueler, Lelstner
and Douglass, 1994).

‘What are the barriers to gettmg these detzuls nght‘7 Why are quahty repair practices not
as broadly 1mp1emented as they could be? Critical educational, financial, mcfrastruc- '
ture, and technical bamers need to be ehmmated The most critical are hi ghl1 ghted
below. - -

Educuﬁonnl Barriers

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

l The elements of a quahty repair.

W The chdllenges faced by repair shops and what shops need from the cugtomer to
prov1de the best repalr :

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




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

Many ‘r'epair shops do not know how to maintain ener 2y effi iciency during repair.
* Many shops do not appreciate or understandmg the value of marntammg energy effi- -
ciency. Some important mrsundersumdmgs include:

| Energy-efflcrent repair practlee is only nnportdnt in repamng premium- efhueney
: motors :

’l Premium- efhuency motors are srgmﬁeantly more eostly and more teehmeally drfﬁ-
- cult to repair than standard-efficiency motors.

B Core losses from burn-out practices are the only important source of decreased efﬁr )
ciency, and controlling bumn-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 redesrgn removing wmdmgs with hrgh bum-out tem-
peratures, and inadequate testmo practices:

anncml Bnrners

Qualzty repair can take more tzme 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 matching 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 qu1ck1y as possible with the time requrrements needed to do the job right.

Qualzty repazr costs more. Quahty motor repair praetrces canbe 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, ISO

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

re gulation and mandates. Addmonal mandates could weaken the industry.

Numerically, the 1ndustry is domirated 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 have the indirect impact of driving smaller shops out of the
repair business. Large investments to nnprove equipment and operating practices in -
small shops may not be justified beeause of small business volumes.




Infrasiructure Barriers

Marnufacturers’ motor specifications are often unavailable or inaccessible. Shops re-
poited 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 specrﬁeatlons are critical for returning
the motor to its original condition: In some cases, this information (,an be reverse-
engmeered but this praetree is time- eonsumrng 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 be repairable, new motor customers do not stress ease of reparability when
purchasing motors. Further complicating this situation is the absence of a system to"

- provrde repair speufreanons 1o shops in a timely mangner. :

.Parts cmd wire sizes are not available lacally. 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 prohrbrtwe
Shops will use substitutes if the correct sizes or types are not twmlable

Tools and eqmpment for winding and wmdzng redesrgn are fot avculable Even with
good wmdlno data and the right wire in stock, shops change winding patterns wrthout .
‘proper redesron Not all shops are aware of the potential reliability and efficiency im-
pacts of changing winding configurations. Small and medrum sized shops often do not
have the equipment to test the impacts of alternate wrndlng 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 ehanged w1nd1ng eonﬁguratrons because T
of equrpment limitations. :

'l'echnicul Burriers
Winding removal strategies that do not damage mot'or,coresrdre 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 . E

used. Almost 40 percent of the shops surveyed bumed 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 Standardzzed Deszgns -Shops reported that one of the biggest bamers to re--
turning motors to their original condition was finding-parts and wire for motors using
non-standard eomponents The diverse number of wire sizes, bearmg types, and other
motor components that a motor repair shop must work with is very ehallengmg There
has been some movement towards more standardlzed motor desrgns in the European
motor market in response to this prohlem ‘ : .

Comprehensive data on the magm‘tude 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




have very small sample sizes and are restncted 10 small horsepower motors. Key ques- _
tions that need further i 1nvest1gatron mclude

l Are the efﬁc‘iency decreases for large motors of the same magnitude as those for
- smaller motors? Are the problem practices as common in the repair of larger motors?

M What are the efficiency and performance implications of specific problem reparr
practices?’ .

B How effective are alternative strategies for reducmg core loss during bum out.-(oven
calibration, water suppression systems and alternative burn-out regrmes) and for di-
agnosmg core losses" '

B How much do specific repair practices that maintain efficiency conmbute to motor
reliability and performance? For example, does usmg smaller wire size significantly’
rmpact repzur life? : :

B What are the incremmental costs for specific repair practices that maintain efficiency?




Section 5

»Slrnlggi,es for ,Encouifugiﬁgf Qnulily Motor Repair |

Working with repair shops and motor customers to support quality motor repair pre-
sents a competitive opportunity for utilities. Utilities can provide key commercial and

industrial customers with valuable information and services to help manage energy use

and improve productivity. By encouraging and supporting quahty assurance and qual-
ity repair, efficiency losses related to motor repair can be reduced and the rehahlhty of
repaired and rewound motors can be improved to deliver energy savings and support a’
“strong motor repair industry. This section identifies strategies for encouraging quality
repair and developing the utility pamlerships that will be crucial for carrying them out.

The Overall Sirutegy: Marke 'Trun'slormution $

Past anempts to encourage energy- -efficient tedmolooy and prau_l(,e thmuOh utility de-
- mand-side management ( DSM)_pr()grams have focused on retail appmaches—pay- :
‘ments of incentives and rebates to individual customers. The growing pressure on
uulmex o keep near-term rates low in the face of increasing dere uulall(m and competi-

~ tion means that utilities are less willing or ahle to invest in these efforts. Utilities must
plan investments strategically. In response to the pressure to keep rates low and based.
on lessons leamed from a decade of DSM program evaluation, the DSM paradigm is
shifting towards market transformation models, Market transformation is not merely a
new name forold programs. Market transformation efforts accelerate the adoption of
new technologies and practice by providing education and labeling, supporting codes
and standards, and targeting incentives at the wholesale and industry association lev-
els. See Feldinan (1994) and N adel and Geller (1994) t()r a more detailed discussion of
- market Tmnsformdnon appmdches

Trzms‘for’min0 the motor‘repair market to accelerate the adoption of quality motor re-
pair practices will require-a national effort involving industry, government, and utili-
ties. Utilities can leverage their resources by coordinating strategies through

intergovernmental and interutility associations-such as the Consortium for Energy Eﬁl- ,

ciency (CEE): In this Section we describe what utilities can do to support market trans-
formation nationally and in their local service territories. Roles for industry and
government are discussed in depth in the companion report to this guidebook Electric
Motor Repair Industry Assessment: Current Practice and Opportunities for Improving
Customer Productivity and Energy Efficiency (Schueler, Leister and Douglass., 1994).

Working with the Motor Repair Industry

Most shops ih the motor repair industry have a strong desire to provide timely and

quality motor repair services, and they are willing to work with customers and utilities™
to that end. This is an important point of leverage. Utilities can help the motor repalr in--

dustry aclneve that goal hy encouraging them in five major areas:

S‘upp()z'rQualitv Assurance Progranm Utilities can help link energy eﬁluen(,y and
quahty I'delr to quallty assurance eﬁ()m hy Py =0 & KR

 Benefits lo Uitilities that
Supprl Quality Molor.
Service Programs

. Provide valuable service
" to key industrial and com-
mercial customers. -

B Meet 1eou1dt0ry man-
dated demand-side man-
- agement (DSM) targets
‘while serving’ key clients.

. Improve transmission
: dnd dlstrlbunon eth-

'ticés can increasc the
peak power demand ot a-
repaired motor.

£
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B Collaborating with local shops to establish a voluntary, industry-led repair shop cer- \
tification program through which shops could eam certification by going through

- surance standards (ISO 9()()( ) or EASA Qor equlvalent)
| Suppomnw and promntm an easy-to-recognize Lemhmtmn label.

W Supporting quahty assurance d’mrr\ hy reu»«*mmnu shops with nutsmnduw quahty
assur‘mue pmommx :

W Providing gmnts or tmanun0 o key shops to reduue mmal cost for ISO and EASA-
- Q certification ‘md reuemhum(m

B Egtablishing a menmmw and training relanonshxp with key shops it your unht) hd\
“its own well- estabhﬁmd and effective quality assurance program.

Help Improve Education and-Training for Motor Repair Shop or Quality Repair Prac-
tice. Shop-floor knowledge of quality motor repair practice must be strengthened. To
“improve education and training, utilities can take the following steps:

B Encourage development and distribution of \hup -floor oriented quahty mMOtOr repair
guidebooks, training materials, and speuflcatmns , , .

M Support Jomt training pmﬂrams with motor repair industry trade associations o
stress the importance of maintaining efficiency during repair for all motors. Key
training needs are described in the Motor Repair Industry Assessment.

" Reduce the Initial Cost for Capital Intensive Testing and Repair Equipment. Many
shops do not have the capital reserves to upg grade bum-out ovens with water suppres-
sion systems, to purchase more advanced testing equipment, or to make other capital
investments that are helpful in maintaining efticiency. A core-loss téster alone can cost
between $15,000 and $30,000. Manitoba Hydro ran a very etfeuwe program in which
they offered to co-fund 50 percent of the cost.0f a core-10ss tester up to a maximum of
$10,000 (Canadian $) in exchange for commitment from the shops to pamupate in de-
~ velopment of a Qudllty M()mr Service Pmoram

'As an alternative, utilities mi ght consider forming a consortium with EASA and deal
directly with core-loss testing equipment manutacturers to improve the quality and
bring down the price. The infrastructure for pursuing this type of market transforma-
tion venture is already in place through the Motors Subcommittee of the Cnnsorhum
~for Energy Efficiency.

Support Quality Motm Repazr Research. M()re research is needed to-identify the mag- -
“nitude and sources-of decreased etficiency after motor repair and to assess the costs

" and effectiveness of alternative strategies for improving quality. repalr Join one ot the
utility consortia that are mvesnﬂdtuw these i issues. There are (wo:

“M EPRI and BPA have coll_aborated to fund this guidebook and the U.S. Motor Repair
Industry Assessment. Future activities include developing and testing model quality
repair specifications, researching the effectiveness of quality repair practices, and

‘ developing a software package to more easily disseminate motor specification infor-
mation to shops (RewindMaster). You may contact the Motor Challenge Informa-
tion Clearinghouse to obtain current information on availability of this publication.

-l Nine Canadian utilities have also formed & consortium to pursue joint education and
research efforts. Canadian utilities involved in the Coordinated Utilities Approach
inctude: Hydro Quebec, Ontario Hydro, British Columbia Hydro, Manitoba Hydro,
. Alberta Power, Trans Alta, Nova Scotia Power, and New Brunswick power, The

training, having key testing equipment on site, and implementing ex1st1n0 quality as-




atilities” current projects include a (letalled analyus of core losses, a
ual to complement existing quahty standards, and a motor aceeptance test that cus-
tomers may use on new and repaired motors. You may contact the Motor Challenge

Information Clearinghouse to obtain current um)mldn()n on availability of this puhh— _

cation. 3
Join with Industry Associations. As stated earlier, about two-thirds of the motor repair -
business in the United States is done in EASA aftiliated shops, and slightly under half .
the motor repair shops in the United States are members. EASA has been very active
and interested in improving the quality of motor repair. This association offers exten-

sive training resources and cemhes shops to the EASA-Q: Quality Management System’

for Motor Repair. To access these extensive training materials, utilities can become al-
lied members. (See Section 2 for contact information.) EASA has over 30 local chap-

_ters, which provide utilities with an excellent avenue for reaching motor repair shops
and co-sponsoring training. Virginia P()wer and North Carolina Power have collabo-
rated suu,essfully w1th EASA

There -are independent repair slmpz», that have a strong interest in quahty repair but that

are not EASA members. Some effort may be needed to identify larger shops which are.

not EASA members, for example by comparing the membership lists aydﬂahle from
EASA with the motor repaxr listings in the yellow pages )

/

Working wilh Molor Repair Cuélomérs' «

Utilities’ oreate\t value to m()t()r Tepair Lustomers is in educating motor users about the

benefits of quality motor repair and helping them leamn to identify quality repair shops.
Hclpmo motor users understand the positive relationship between quality repair and
motor reliability will encourage them to learn more. Utilities can also encourage users
awareness of repair issues in the following ways

| Pn wide fact sheets to 'cust»,omers on how to identify quality repaif shops and the ele-

ments of good repair. Collaborative point-of-sale displays stressing the value of pay-

in0 extra for quality repair would be useful. This is a less intensive approach than
s program. The appendices of this document are desxgned to be used as. fact
sheets to assist in your educatl()n ettorts

-,

"B Provide access 10 ﬂmependenr motor testing and assessmems 10 heip users under-
stand the repalr VErsus rephu,e option.

B Support national or local efforts to develnp an easlly rec,oumzahle quahty cemhca-
tion label mr repair shops.

Working with M(mufuclurers |

Motor manufacturers also have a role in unprovmn the quahty of motor repLur Utilities
can work dlre(,tly with both motor l'dell‘ associations and nmnutacturers to:

] Enu wrage them to pmvule hetlcr and more nmely mtormdmm t() repalr shups On,
()l’l(‘llldl motor (l”'sl“l] and test \peuh(,atmns

M Improve the information pi‘(,)vided in nameplale data.

B Encourage them to stock replacements for custom hedl'lll“\ dlld to nuke them dlel- :

able quickly and w1rh()ul exuesslve mdrk—up

technical man-

Virginia Power/North Garolinu
Power’s Motor Rewind Customer
Education Program

Virginia Power (VP) and North
Carolina Power jointly consid-
ered-an early effort to develop
‘and certify motor repair tacili-
ties on their own. Instead they
chose 10 work with EASA. The
reason for this decision-was that -
EASA-already has motor repair
standards and is aggressively
pursuing ISO 9000/EASA-Q
certification for its members.
VP also felt EASA has superior
knowledge and-experience with |
the repair of electric motors.

The utility determined that a cer-
tification program run by EASA
would be more cost-effective,
credible, and less controversial.

VP’s first step was to become
an Associate Member of EASA.
-e&cmlyﬁ ithere.are WO other

ess 1o ,hterdtult: smnd(u ds..and
conferences: VP promates
EASA standards at every oppor-
tunity, such as energy audits
and customer meetings. In -
1994, VP conducted motor
seminars for over 300 commer-
cial and industrial customers
and distributed EASA standards
and information to them.

VP’s strategy is to, educate the
customer to-hase their decision
whether to repair or replace ex-
isting motors on economics and
individual motor circumnstance.
An important part of the recom-
mended motor replacement/re-
pair policy includes selecting a
quality motor repair facility that
meets EASA standards. VP
does not recommend that motor
users choose or avoid specific .
repair shops; however, several
customers have changed shops
based on EASA htemrurc and
\[dnddl ds.

VP also otters commercial <u1d
industrial customers access (o
free motor testing (a value ol'up
to $1.000 per motor) through -
the Industrial Elcgtmteuhnolog
Laboratory (IEL) in Raleigh,
North Carolina. [EL members
include most 0f the major utili-
ties in Virginia, South Carolina.
and North Carolina. 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-
wind shops to.do a quality job.
. S 37
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B Encourage more standardization in motor parts and design.

Matching lnveslmenls to lﬁll‘ili;lvaehe»lills

Energy Savings From Individual Motors Are Small. Significant gains in energy efti--
ciency are possible if quality motor repair practices are more widely adopted. How-
ever, these gains are made in very small increments, one motor at a time. For a 25 hp
motor that operates one shift a day (3,000 hours/year) eliminating a 1 percent decrease
in efficiency from rewmdln0 saves only $50. Assuming a 10 percent premium for qual-
ity repair, this yields a simple payback of three years. Although this is a reasonable in-
vestment, it is unlikely that the magnitudé of the energy savings dlone will Uenerdte
much demand trom motor user\ for quality repair.

Energy savings-alone are also nnt adequate to support ldrue pme premiums for quality
repalr of small motors. To illustrate this point, we have plotted estimated savings from
a I percent decrease in efficiency for a motor operating 50 percent of the time against -
estimates of natmnal billing rates. Averaoe national billing rates for electrical repair la--
bor are approximately $40 hour (Vaughen’s; 1994). Machine time (for core-loss test-
ing. etc.) is typically billed at $45/hr. The Industry Assessment suggests that
incremental costs for maintaining efhuency are on the order of an hour or two per mo-

. tor (Schueler, Lelstner, and Douglass, 1994). Increased labor costs for quality repair -

are dominated by fixed costs and increase very slowly with horsepower. Three levels
of increased cost are plotted in Figure 11. At the lowest cost level and with average

-utility rates, the break-even point tor quality repair based on-energy savings is 25 hp.

It qua.llty repair takes three additional man-hours and rhe utility rates are low, the
hreak -even p(nnt can be as high as 125 hp

anure 1"
Annual Energy Savings of 1 Percent Avoided Efﬁcency Decrease
: By Horsepower
Versus increased Repair Cost
{4380 Operating Hours/¥r)
$350 '
$300- .
$250
$200

'$150

_ Annual Eneréy S.avings $)

$100

$50

$0

Horsepower

Low Rates -

»—»&—-—~Avg Raies

i Labor cost 1 man .5 Machme hour
o i Labor cost 2 man 1 Machine hour

— -~ Labor 9o§t 3 man 1 machine hour

Even though energy savings alone are unlikely to increase motor users’ demand for
quality repair, energy savings are not the only benefit of good repair. Quality motor re-

‘pair improves motor reliability, reduces the risk of premature failure, and reduces

forced downtime—costs that are significant to motor users. Working with customers to
help them use electricity-consuming equipment more: effectively and productively can
generate oood will with key mdusmal and u)mmerudl customers. This good will and-a



greater appreciation of the uuhty s added value is a key dSsel as large cusmmers con-
snler altematlye source.s‘of electric supply.

Rertail appmadles to-improving quahty of- repalr such as rebates, are cost- pmhlhmve
~_hecause they yield only small annual savings increments for individual motors under
100 hp. They will not be large enough to attract the attention of industry or to support

administrative requlrements Therefore, we have reu)mmended punsumtT nmrker trans-

formation strategles that target the industry as 4 wh()le

-Working with Ldrge and Qmall S’hops Small shops th‘ut have low repair volumes,
work on smaller horsepc ywer motors, and have small staffs dominate the repair 1ndus-
try. These shops are the least likely’ to have the best equ1pment or trammo because they
are least able to afford 1t

The small potential for energy saving g may not ]ustlfy si gmhcam dlreu uuhty 1nvolve—
ment with small shops. It is not cost effective to subsidize the purchase of a $15,000 o
-$30,000 core-loss tester, other test equipment, or sophisticated burn-out equipment in -
the typical small shop. The Mozor Repair Industry Assessment notes that small shops
repair around 500 motors per. year, most under 40 hp. Given average energy rates of
$:05/kWh and $9.00/kW, the energy savings that such an investment would yield
would be just $50,000 per year. Besides the. small return on investments for small
shops, requirements that they have more testing equipment or larger parts and wu'c m-
ventories could u)nmhute to driving them out of business.

~This does not mean small shops should be 'eXCluded from quality repair efforts. In- -
stead, low-cost strategies for improving motor repair practice, such as tip sheets, are

‘needed to complement larger ettc)rrq Where possible, provide lower cost optmns to
more expensive practices. : :

3
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B/iere are many types of mo-
tors, but cértain things are
common among all. Nearly

" all motors have two mdjor
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 magnetic struc- 4

" ture including the shaft on which it
is mounted. The stator is the sta-
tionary magnetic stricture that sur-
rounds the rotor. Either or both
rotor and shaft are wound with
wire to provide a varying or mov-
ing electromagnetic force.

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

_ three-phase synchronous motors, -

‘or DC motors.

* Motor Basics

N Churuclerlshcs ol Motors

Induction motors are the most (,ommonly used motors, often called the work-

- horse of industry. They @ 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 field 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 the

rotor. Induction motors are asynchronous, running at a speed slightly slower
than the rotating 9peed of the magnetlc field prov1ded by the stator.

Synchronous motors are most common in apphcaﬂon.s where the ratio of
horsepower to RPM exceeds one (i-e., applications requiring over 5,200 1b-ft.

~torque.) Synchronous motors 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 syn- -
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
more efficient than induction motors of comparable size and speed. . -

DC motors are powered by direct current. Individual motors can 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 periodic repair.

In many contemporary applications, variable speed AC motor/drive combina-

- tions are supplanting DC motors. These motor/drive combmdtl(ms replace not

only the DC motor, but the DC power souree.




| Standard Motors
Versus Energy-
| Elhclenl Molors

People speak of motors as eithe‘\r
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 for 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 how
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

Flgure A-1

Fraction

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

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 efﬁuency below

'~ table 12-10 sometimes use the
“term “premium efficiency” o

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-as “energy efficient” be-

fore October 1994 no longer are,
Individual models 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
(WSEOQ), 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. G\enera]ly,‘ 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.

% %6
EffIC|ency .
Al 50 HP 1800 rpm, TEFC Motors

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

Power factor varies over a consid-
erable range among competing -
models but it is not strongly corre-

* lated to the eﬁICICHLy 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 loads demand sig-

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 10 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
-itis 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 o repair, -
but this, too, varies by motor. En-
ergy-efficient motors are con-
structed in much the same way as
standard motors, although they
contain a little more iron and cop-
per, which can slightly increase
the cost of materials when they-are
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 aniy motor regardless .
of original efficiency. :

Why Moters I'uil

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-
-sult 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

- warrant. Even extremely small for-.
eign paiticles can start a tiny pit in
a bearing race, which slowly

grows each time a roller passes -
over. Several practices can con-
taminate grease: for example, parti-

cles can fall into open grease ]
,contamers or pamcles from a dirty -
“operating environment may. get

onto the grease fitting Or grease
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 bearing seal may fail, or
opportunities for contamination
may simply be mcreased by over-
greasmg

, E_lectrical systein\probl'ems also

shorten motor life. Various over-
voltage phenomena can cause mo-
tor insulation failure. For example,
high voltage spikes from lighting
or switching trarisients can break .
down insulation, or high-fre-
quency voltage spikes can origi-

‘nate with a variable frequency .

drive (VFD), partlcularly if the ca-
ble length from drive to motor is.

" long. Some motors hdve rotors that
“are much more vulnerable to over-
-heating when powered by pulse- -

width modulated drive outputs.

Voltage harmonics can reduce effi-
- ciency and cause overheating.

Phase voltage unbalance can in-

* crease heating significantly and re-

duce motor efficiency. A 2 percent
phase unbalance requires a 5 per-
cent 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 pattern,

substitution of smaller gauge wire,
or changes in the number of turns. |

. These practices tend to increase
- motor electrical losses; which in

turn cause the motor to run hotter
and stress the electrical insulation

" and bearing Iubricant.

In the- repalred m()tor well douu-,
mented cause of increased motor

losses and overheating is core iron
damage. Core iron can be dam- - -
aged if the temperature rises over
650° F when old windings are re-
moved in a burn out-oven. It can

‘also be caused by mechanical dam-

age to the core that is not ade-

- quately repaired or durmg repalr

of the core.

.Excesswe 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

boré.

P()or 1mpregnat10n of vamish 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 can 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

enough to completely cool down
in high to moderately high relative
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 sufferin-

cipient bearing failure when lubri-
cant drains or sags away from

 bearing surfaces and hum1d1ty

causes rust pits.




Many of these adverse conditions
cause overheating. There are other
direct causes of gverheating. 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