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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

ry

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
comimercial 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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This report was prepared by the Washington State Energy Office as an account of
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Prefuce

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 1 Report. This report contains a much more
detailed accounting of current motor repair and testing practices and issues which influ-
- ence quality repair. You may contact the Motor Challenge Information Clearinghouse
to obtain current information on availability of this publication.

For 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
tfor 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

Residential - Commercial . Industrial . - Other

‘EMotor Use E1Other Uses

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 1to 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 Blectricty Use and Total Number.
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. source: EPRI, 1992 .

Changes Affecting the Muln‘rlVl’url:_i"a‘l~

Over 2 mi]lidn 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-
scriped in Table 12-6C. In prior versions of MG, this table was merely a suggested
standard for future design and NEMA set lower, minimum levels for energy-efficient
motors (originally Table 12-6B, then renumbered to 12-9 in 1993). NEMA eliminated
Table 12-9 in the most recent revisions t0-MG1, and Table 12-10 became the current
standard. Unless otherwise noted, in this report an enefgy-efﬁgient motor is defined as
amotor meeting the current NEMA 12-10 standard. ' '

Of motors currently in production and listed in the J anuary- 1994 version of MotorMas-
‘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 a1l 5 hp motors sold, about
20 percent met NEMA''s 12-9 standard. By the year 2000, EPRI estimates that motors
meeting NEMA’s Table 12-9 standard could account for about 65 percent of new mo-:
tor sales (EPRI, 1992). National statistics on the market penetration of.motors meeting
NEMA’s current, more stringent efficiency standard are not available. However. esti-
mates indicate that about one-third to one-half of the motors sold that meet the 12-9
standard also meet NEMA’s newer standard. Market penetration of energy-efficient
motors also varies si gnificantly by region. Fryer and Stone (1993) estimated that en-

- ergy-efticient 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 turnover 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 Stzite'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—etﬁuent motors accounted for at least 25 percent of their work.
Surveys of installed motors in industrial sefttings and mdustry experts place penerranon
rates of energy efficient motors in 1989 at under 5 pereent of the mstalled motor base
(Nadel et. dl 1991).

Utility rehate pmordms have increased the share ot energy-etficient m()tors 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 available these prograims 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 teel particularly hard-hit since they are more likely to re-
pair small motors and I€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. Manutacturers offer list-price discounts to dlstnhumrs
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 MOLOT 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 (EPRI) and the Bonneville
" Power Administration (BPA), repair shops have become more interested in strategies
for mamtdmmg energy efficiency during repalr 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 1992 2 25 mllhon 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 a1992 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 ,
motors by up to 5 percent. Estimates of the average reduction in efficiency after repalr ’
- associated with current practice range from (.5 to 2.5 percentage poinits, 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 shortcurs, eITors, or pans suhstlrurmns '

In absolute terms | percent decrease may appear mwmequemml but when the num-
_ber of repairs and motor operating hours are taken into account, the potential energy
“and dollar savings are Sig Onn‘xeam If all the mntors under 500 horeepower repalred in




1993 had been repaired with no etficiency losses. motor electric energy 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-large ther-
mal power plants. o ) '

Maintaining energy efficiency during repair usually improves motor performance and
‘reliability after repair, significantly 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 to fail early, maintaining energy
efficiency may also save the cost of early replacement. By working with the motor re-
pair industry; utilities can provide 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 indusfry taces increasing competition for customers, :

Quality Motor Repair and vEnerg’y-Ellicienl Performance

At its most basic level, the goal of “energy-efficient” repair of motors is to return the
motor to original manufacturer specifications in a manner that does not decrease efti-
ciency. Although maintaining energy efficiency during motor repair is a process con-
‘s'ist,ing of many small steps, there are two major elements of the process:

W avoiding the shorteuts, errors, parts substitutions, and other practices that decrease
efficiency. and - :

. M diagnosing potential sources of decreased efficiency by appropriate testing before
and after repair. C R ‘

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 compelling 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.)







Organization 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/rewind, and
the criteria used to select a specific motor shop to do the work. This section also

- summarizes recent research and teclmology trends and market changes influencing

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

Sectmn 3 addresses the questmn When should amotor be repalred"” This is a umuﬂ
quesnon that electric utilities need to understand when 4dv1smg their customers.

Section 4 ldenuﬁes the barriers to quahty motor repalr

Sectl( m.S covers the strategies and mterventmm uulmeq have at their dlqpmal to en-
courage quahty motor repair.




'Fm:t Slleels Designed for Your Use Wlﬂl Ynur lndustrml nml
‘Commercial Cuslomers =

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 facility audits.
Use them as handouts at conferences, or tramm0 events The appendices contain the fol- -
lowm0 111tommt10n -

B Appendix A, Motors and Motor Effi ¢ iency, is a prlmer on bd\l(, motor tact.s

B Appendix B, The Motor Repazr Proc ess, is a step- by step debcnptu)n of what hap-
- pens durmg, motor repair.

B Appendix C, When to Repan——When to Replac e, identifies the: f‘u,turq motor user
‘should consider when deciding when to repair or replace a a failed motor. Offers rules
of thumb for when it is wst—eﬂecuve to repair a motor.

B Appendix D, Choasmg A Quality Repdir Shop, outlines what the repair (,ustomer
should consider in choosing a quality motor repair shop. It includes specific ques—
tions all motor repa1r customers should ask motor repalr shopb '

Appendix Eis an amlotated blhhography of 1mportant references on motors and motor
- repair. It’s an important source of information for those interested in a more detdlled
d}swsslon of the issues summdrlzed in the guldehook . ‘







Set:lion 2

The_Mollor‘Repui:r_lﬁduslﬁ - a o

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 E o e E ) .

Number of -
Employees’

Total HP

Repaired 3
: o WOver50
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Peri:ent‘Share

Services Prov:ded by Repmr Slmps

Almost all repair shops prnv1de some services Other than motor repalrs and rewmds
Ninety-five percent of shops’interviewed i 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 -
_différence is that-small shops are less likely to sell or service electrical equipment other

o
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‘ ,thdn motm’s Halt the smaller shops s sell and service equ1pmem other than motors, u)m-
_pared with nearly all of the larger shops Fitty-four percent of the shops contract out

some work. Machine work, formed coils, halanemg, and small armature work was con-

tracted out most frequently

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

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

transportation, nmnutaeturmg and heavy industry sectors. This is not surprising since
motors in these sectors are larger and more u)mplex and requlre equ1pment and’ exper-
tise small shops d() not have

Two-thirds of the shops pmv1de plalmed maintenance and inspection services to some
clients. According to one motor fepair customer, many of the motors sent out for
planned maintenance do not get repaired. Most are sent for eleamn , 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. Almost one-quarter of the motors serviced in shops

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

‘Whullhe Customer thls —Moior Bepmr Induslry 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 a four-point
scale where one indicated that the factor is not important and four indicated that it is
very important-Ratings are summanzed in Table 1.

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

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

tile, quahty control and relldhlhty, dnd teehmcally skilled and expert staff.

Three selection criteria were rated very imp()rmnt by 'about half of the respbndents,
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

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

the qumty of materials and rdnge of sewlee as very unponant to thelr customers.

Low cost was rated very important to eustomerb 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 despité 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 aremot 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 decision to repair is made, shops believe that clients are willing to pay to have re-
‘pair done ri ght and on nme

Inform ation and reporting On mMOLor 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()rr¢nt '



Those interviewed indicated that customers did not choose \h()ph hased on their dhlllty ,
{0 maintain energy ethuemy 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 imentioned if unaided.

~ Shops reported that customers seldom prtwide any repair specifications, much Iess
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 specifications beyond the requirement to return the: motor to its original con-
dition. Of those shops that did report receiving customer specifications, the most com-
mon specifications were for insulation levels, vam1sh winding pattermns, or for meeting
special operating conditions. Detailed speuhcatums for motor repair of any type are
the exception, rather than the rule. No shops reported customer specifications for main- .
taining energy efficiency. :

: Table'1 )
L Motor Repair Shop Ratings of Reasons
T - Their Customers Choose Repair Shops
1 = Not Important 4 = Very Important

o . ~ Number of } Average Percéllt'Ratecl
Factor "~ Responses - Rating . Very Important
Fast Tumn-around time 65 378 2%
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 6S ' . S 32%
Information and .rep()ning - » .
on repairs o4 2.56 o 20%
‘ 'Tr‘umno and support services. 62 - 240 - 14%
Recent Developments

‘ New Research Iniliatives

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:

B Core- loss test methods do not excite the core 1dent1cally to the stual stator winding

with & rotor in place. Therefore, core losses in watts per pound, while related to core
condition, are not identical 0 losses that occur when the stator is operating in a mo-

_ tor. The future may. bring other tester config gurations that attempt to simulate the. ra-
dial magnetic ﬂux throu0h rotor teeth which occurs during motor operation.

M The interlaminar core leakaoe 18 very sensitive 0 many conditions that can change
quickly or inadvertently. These conditions include tightness of core compression,
impacts, exposure to corrosive or oxidizing conditions, and small surface %rat(,hes
or smears from machining or s‘uldmg :

B The observed core losses may vary depending upon the demon and ¢ y of the
devices used for measurement.-

M Measuring a motor s actual core loss is only part of the challenge; assessing the sig-
nificance of that 1()5\ 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 manufaéturer.

Ongoing research may lead to standardization of core-1oss test methods, and documen-
tation and puhhcanon of m(hv1dual momr core-loss service limits.

Innovative Wire Enamel In mmy dpphczm()ns very laroe savings can be reaped by
varying motor speed with a variable frequency drive. Modern drives place a great deal
of volmge 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 dpproxnnately 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-turn poten-
tial that can cause the thin enamel wire insulation to fail.

Products are being developed to address this sort of tum-to-tumn failure. At present,
they generally involve better enamel insulation or heavier coatings. The filim 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 becomé av‘uldhle choice of

\ﬁlm thlukness 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 turmn-to-turn failure, chspl&ces space for copper in the stator slots. Motor and
wire manufacturers and motor repairers are working to find optimal solutions to this
problem.

Technology Trends

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

in the slots. These machines generally use a concentric arrangement of coil groups
, whu,h some shops find more difficult to prepare or insert. Also, the machines often

chieve a ti ghter slot fill than manual methods can.



Machine insertion is not practical for motor shops because rhe inachines have to be de—,,
signed and configured to a specific single product line. Machine insertion is part of the
reparability issue. Repairers and sophisticated motor users are dskmo manufacrurers to
build a motor that can be repd1red 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 repair
‘shop’s work does not seem readily adaptable to more modem methods; the mmrou)m-‘
puter has not even made it mto many shops.

Asa countexpoint., sc)nl'e in the repair industry feel repair methods are indéed amenable -
to modernization. They maintain that more inventive energy should be applied to the -
ghdllen},e Si gmflca.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 halanuno -
- 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 labor 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, tumns, gauge;-acceptable core losses, no load
current, winding resistance; etc. A universal data base of these parameters should be”
prepared for at le‘m all motors in current dn(l future pr()duutlon

Motor Repair induslry Trends'

The motor repair industry is in a state of tranmtlon 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-
itability 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 market 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 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 concems. (See Schueler et al.,
1994). When asked to describe the major challenges facing them, shops 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 increas-
mu labor and equlpment costs (Table 2). . o




Table 2
MdjOl’ Challenges Faced by the Motor Repdll' Industry

N

SurveyReSpondenIS (mudtiple responses aCcepted) (N =62 )

- Technology change/Shift to motor replacement : 24%
Low cost new motors R - 21%
Weak economy/Declining industrial base 18%:
'Environmental/Govermnment regulations - 18%
Increased costs for-labor, equipment and materials 16%

New energy efficiency standards 10%

- Competitive market - ‘ - 8%

Other . - ] o o 19%

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

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

shops-are asked to repair is changing w1th un,reased market penetmtlon of energy- -effi- .
~cient m()t()rs :

Lo

Motor Repuir Industry Associnlinns

Several oromlzanons exerr 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 1992) T

Elei:lricnl Appurnhls 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 mechum-slzed shope that make up the majonty of EASA’s
memhershlp :

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

~ nars designed to improve the quahty of their motor repair practice. The association’s
publications include fact sheets and technical notes on best 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 working with sh()ps to 1n1prove OtOT repair pmctlce »
_ Among its recent efforts is the EASA - Q: Quality Management System for Motor Re-

pair, 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, (?14) 993- 222() : v » o

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()()37 -

lnshlule of Eleclncul lmd Electromcs Engmeers

The Inst.itute of Electrica] —and Electronics Engineers (IEEE) is anon-profit profes-
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, such 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 [EEE Standard 112 Test Procedure for Polyphase
Induction Motors and Generators (1991). IEEE Standards 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 transter
well to the shop floor or to the motor repair customer. There dre no model mdustry
staridards or speuﬁcatmnb which focus exclusively on the energy-related aspects of
motor repair, with the possible exception of [EEE 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 critical need is to de-
velop tools and methods to u)mmumcate essential elemems of smndards dearly and -




1s

etfectively and incorporate energy efficiency considerations in these standards. The

- 1994 EPRI and BPA Model Repair Specifications are desi gned to meet this need. The
-remainder of this"Section describes this standard and other relevant standards and

specifications.
EPRI and BPA Eléchfic Motor Model Repair Specifications

The Washington State Energy' Office is currently _confpiling Model Repair Specifica-
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 review and should be
available in-early 1995. o : ' :
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For information on oftaining copies of the specifications contact the Energy Ideas

Clearinghouse at the Wéshington State Energy Office.

EASA-Q: Qu(ﬂity Munugémenl Sys'ten; for Motor Repuir |

In 1993, EASA completed broad quality assurancelspecificaﬁons for motor répair shop

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

rates all the elements of the Inrerniiticma] Standard Organizations (ISO)_9(_)()2- 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 T and I certifi-
cation is based on customer survey results and warranty costs as a percentage of total
sales. o : ' '

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

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

International Standards ﬂrgani#ulion - 150 9002-1994 ﬂuulily'Munngement

 Standard

‘The ISO 9002 Quality Management. 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 include. 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'inclutle\;s‘a(lditi(>lla1 :
' pracncal éuldehnes and mformdtlon specifically targeted m motor repair issues.

ISO does have a cemhcatlon process. Fees for ceruflcan(m can total several th()usand
dollars. As a final note, ISO certification does require that all essential elements of a
quality assurance program are in place, but doesnOt guarantee a quality motor repair.

Supporlmg Componenl und Teslmg Slundnrds o_ R -

Quahty assurance standards 1m0rp0rate referem,es o specific testing -and component
_standards developed by industry-and professional associations including Underwriters
Lab (UL), IEEE, NEMA, and the American Bearing Manufacturers Association

(ABMA). These standards govern specific elements of the repair process and repair re-

quirements for specific-applications. Essential supporting standdrds include: ’

ABMA , , - :
Standard 7 Shaft and Housing Fits for Metric Radial Ball and Roller Bearings-
IEEE - ' R =
Standard 43 Recommended Practzce for Testzng Insulatzon Reszstame of Rotatmg : -
’ ‘Mac hinery: ' : _—

Standard 112 Standard Test Procedure for Polyphase Induction Motors and Generators
~Standard 522 Guide to Testing Turn-to-Turn Insulation on Form-Wound Stator Cozls
’ for Alternating Current Rotating Electric Machines - .
Standard 1068  Recommended Practice for Repair and Rewmdzng of Motors for the =
‘ Petroleum and Chemical Industry

NEMA -
Standard MG-1 Motors and Generators

UL - : ~ ' .
_Standard 674 - Electric Motors and Generators for Use in Hazardous Locations







Seclibn 3

llmlerslundmg When to Repulr

undWhenIoRepluce -

When a motor falls the first decision the motor user faces is whether to repalr or re-
place the motor. By helping industrial and commercial customers understand the com-
plex issues assouated with this decision, utilities can prowde 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:

B 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 purehase is purchase price 0n1y)‘7 '
n How wﬂl the decision affect operating costs"
| What are the differences in reliability for a new versus a repalred motor"

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

In this sectlon 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 speual issues re-
lated to the repaxr or replacement de01s10n for energy-effluent motors.

—

Ilow WI“ the I)eclsmn Allecl Downhme"

From the motor user’s perspeetxve one of the most unportant considerations in decid- -

ing whether to repair or replace is which option’ causes the longest production 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 dlfflu.llt to measure in commerual sector applications. =

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

If the user decides to replaee the motor, the prlmary issue is whether the replaeement 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 specmlty motors between 100 and 500 hp are often in stoek at the
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~ manufacturer and can be rush ordered and dehvere(l by rail in 1 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 is less 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 f8r only about 10 percent

of the motor repair market. Nevertheless the market share for planned marntenance is
: m(,redsmg :

~Is the Motor Repr:ruhle?

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

Exeept in extreme cases, it is difficult for untramed persons to deterrmne by casual i 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 $4OO 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.

Whnl are Ihe,’i'irsl Cost Differences
Between Repair nnd‘Purclmse?

The drfference between the cost of buymg a new motor and cost of repairing and re-
winding an existing motor is the second bi ggest factor influencing the repair/replace
decision. This difference is not uniform across motor size and type, however. Consider-
ing only first cost, it is more. economical to repair than to replace larger horsepower
motors and speualty motors.
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The lmpuct of Horsepower on l"u'si Costs

For non speualty motors under 10 hp, it is more expensive to rewind than to purohase
‘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 discount. Twore-
‘wind options are examined: a minimal rewind, and a rewind that includes some minor
additional repair work (furmshmg ‘and installing two standard bearings and nine new
leads) The second option is more common (Lammers, 1994). The point below which
itis more costly to replace rather than rewind a non-speuahzed motor is between 5

and 10 hp (Vaughen’s, 1994) If any addltxonal repairs are needed, thls point is be- Yy
tween 10 and 20 hp. :

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

- cent of the cost of a new motor. The energy savings realized from buying a premium-
efficiency motor over standard efficiency combined with 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 rewmdlng a similar 25 hp motor. '

‘ Industry observers report t that the break-even point for purchdsmg new motors is shift-

_ ing tolarger 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 Mezxico 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

3 7 - Motors
. 200%
3 B .
O 150%+
o )
3
2 100%t
5 50%
, 1 10 . © 100 1000 .
. -

Horsenower (L 0g Scale)

Wnegalr 75% new

. Source: Vaughen's 1994

~ The lmpacl of deior*'l'ype and Speed on 'I"irsl Costs

The costs of rewmdmg or pumhasmg also vary s1gmﬁc,antly 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 anew 1,800 rpm motor. The dlfferences for

:21 .




n

specialty motors are more striking. It costs 10t0 30 percent more to rewind a specialty
motor. However, a new specialty motor is two to four times the cost of a new TEFC -

E motor. These price premium multipliers are for- general Companson only since dctual

prices will vary depending on local wage rates, dealer and- repa.lr discounts, and the spe-
cific repalrs reqmred

First COsts domlnate the repalr/replaee decision for larger and specialty motors. The
cost differences in absolute terms for individual motors over 50 hp are significant—at

- 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
motor with a premlum—efﬁueney ora standard—efflueney ‘model.

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

~ New - Rewind Cost ‘

. l'iersepower 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 Becisinn hﬂecl Operdling Costs?

~ Operating costs can be affected by any changes in energy ‘use caused by repairing a -

motor or sthehmg to a new motor. The sources of the differerice in operatmg costs
can be changes inefficiency level caused by repair or by changing to a new motor with

Ja 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 estlmated with the formula; -

Equation 1:

- Energy Cost Savmgs = Hours of operanon * hp * Load * 746 * (YOO/(ERr - IL) -

'IOO/ERn)*EC




Equatron 2;

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

Where:

Load . = .Average motor load ‘ :

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 - =  Numberof 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. Rehable data for the hours of operation and
motor load inputs (which drive the energy use calculations) are often not readily avall—
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 1mportant 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 appheauon and motor type are not (,hanged 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 rewmd. 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) ‘ r

B Efficiency lmprOVements 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 fast 20 years. ' : ~ ~




W 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 n()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 1 to 5 hp, 11 percent for motors of 5-to 20 hp, 18 percent for motors of 21 to 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 afailed motor or to take advantage of a util-
ity rebate program and replace it with an premium-efficiency motor: If the motor in
question is at the end of its life and the application is amenable, rebates make upgrad- -
ing to premium-efficiency motors an attractive option for motors of any horsepower.

If the motor can be rewound, motor rebates are more likely to €ncourage 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
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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 savmgs 1s 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 -
. 25000 1 . - 1800 RPM TEFC Motor

20000 1

15000 1

1994%

10000 7

‘5000

75 100 150 200 300 - 400 500

Horsepower
Ll Savmgs 6000 hrs E3Savings - 3000 hrs EIFirst cost I [ First Cost: Less Utlllty Rebsate I

- 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 characteristics

~ 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 M‘nlor?

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 quality of new motors is more consistent.
But, there is a significant difference between the top and the bottom of the line. Stand-
ard efficient bottom-of-the-line motors generate more heat than energy-efficient mo-
tors.and can fail earlier. Also, the cooling fans on energy-efficient motors have lower
heating loads than standard-efficiency motors but are not down-sized proportionately.
Energy-efficient motor fans often have more margin in them relative to the lower '
losses. Fans on energy-efficient motors can be designed smaller than fans on standard
motors because they have less heat to dissipate. 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 . ~ Time _
Iostallsion | Normal Secvice —I OldAge -

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

 life. The j 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
‘'standard 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:

- Equatzonj’: PB=NC+ IC-RWC-UR

ECS + DCS
~where \
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.
26




Example ’

A:50 hp 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 .
Ihrs/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 leglble on the nameplate is 91 percent.
After inspecting the failed motor the repair shop finds bearings need to be replaced. The
bid on the repair comes in at $1,100. ACE is not familiar with the quality control of the
'shop. They assume an 8% increase in losses, which is 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
2 $334.80 + 166.27

= L.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
percent discount rate and five years of energy savmgs is $928 ’

The “new versus réwind” compare.option i'\n‘MOtorMaster conveniently calcu- -
 lates simple payback. The program also provides energy cost savings formulas, new
and rewind motor efficiency levels, and default values for rewind costs. It accepts

* more precise information from either actual bids or pricing estimates from pricing
guides like Vaughen’s, MotorMaster ™ currently does not allow ancillary and down—
time costs to be 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 diminishing 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 énergy efficient. One con-
sequence of the increase in-the number of energy-efficient motors may be that the en-
ergy savings incentive for replacing rather than rewinding motors will decrease, and
_rewinding may regain market share. 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. ' " :

W Does zt Cost More to Rewind Energy-Ejf cient Motors? . Repamng 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 1dentrcal to the 8,000 hour/average rate case °

. soitwasnot graphed

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

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

R Utrlrty 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

- : i 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 mn 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 h1gh rate areas, the balance pomt may be as hlgh as
150 hp. ‘

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

Figure 10
Payback Analysns Energy Eiﬂclent 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 Tllllmll

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 economic 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 L detailed analysns is not
needed. Here are some rules of thumb to gu1cle the decision. :

B Evaluate whether elther optlon—replacmg or repamng—wﬂl add to downtlme for
critical equ1pment L

Il Most spemalty motors should be rewound. They are eons1derably more costly to pur- 41
chase new and are less 11ke1y 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.

‘M It is almost always more economical to rewind motors over 100 hp. New motor
costs rise steeply after 100 hp, and energy-etficient 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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The followmg ﬂow chart is pr0v1ded asa guide for the deusnon process. Appendlx C

takes the stages in this demsmn process and elaborates on each

Steps for Deculmg ln Reptur or Repluce aF mletl Mntor

Step 1: Address Dowmime ansiderations
4
Step 2: Assess\Whethej Gurrent Motor Is Opﬁmal for the Applicaiion
i |
Step 3: Determins if a Detaited Anquéis Is Neédéq .
St 4:Obtan Bics
B!
Step 5: _calcu'late-Energy and Operations Savings '
!

. Step 6: Calculate Financial Impact




Secliond

_ Barriers to Quality Motor Repmr and Rewind
Qualrty MOtor repair is a eumulatlve process that requ1res gettrng many small details ,
nght These details melude but are not limited to:

B Using the correct replacement bearings.

W Proper greasing.

B Avoiding meehamedl modrﬁeatlons to beanngs bearmg fits and seals durmg dlsas- ‘

sembly or reassembly.’
B Avoiding overhedtmg the core durmg winding removal

B Protecting core larn1nat10ns during repair to prevent shorts that result from sand
blastmg, mrshandlmg, or assembly pressure :

M Maintaining the circular mrls and number of turns in the wmdmgs

| Md.lntammg properly de51gned wmdmg pattems

I Replacmg 1oose or cracked conductor bars wrth similar parts.

_l Detecting and nepamng damage to end shields and bent motor shafts.
n Majntaining the’ air- O;tp symmetry between stittor and rotor. _

- Many of the thmos that can go wr()ng durmg repair to deerease reliability and motor
energy efficiency are subtle, and they require testing to diagnose properly. A detailed:

discussion of motor testing during repair can be found in the companion report to this

guidebook Electric Motor. Repair Industry. Assessment: Current Practice and Opportu-
nities for Improving Customer Productzvzty and Energy Eﬂiuem y (Schueler, Lelslner
and Douglass, 1994).

'What are the barriers to gettmg these detzuls nght? Why are qudhty repair practices not
as broadly 1mplemented as they could be? Critical educational, financial, infrastruc-
ture, and technical bamers need to be ehmmated The most critical are hi gh11 ghted

below.

Educntmnnl Bumers

_Motor repazr customers do not recogmze quality motor rtpau and seldom ask for it.
Customers seldom provide shops with repair specifications, much less specifications
for quality repalr or for mamtamlng energy efficiency. Customers need tools to
identify:

B The elements of a quahty repair.

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

W The value of paying for lugher levels of service and efflueney




M How to get hloher levels of service from shops, particularly how to get mOtOrs re-
wound, without reduung the motors’ efhmency

Many repazr shops do not know how to maintain energy effi czency during repair.
" Many shops do not appreciate or. understandmg the value of mamtammg energy effi- -
ciency. Some-important mlsundersumdmgs include:

[ Energy-efflclent repair practme is only nnportant in repamng premium- efhuen(,y
: motors :

- I Premium- efhuency motors are mgmfleantly more costly and more teehmcally dlfﬁ-
- 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 burn-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 vedemgn removing wmdmgs with hlgh bum—out tem-
peratures, and inadequate testmo practices.

anncml Burners

Qualzty repair can take more tzme Motor repair shops are often under tremendous
-pressure to get motors repzured 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 matehlng 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 qulckly as possible with the time requu"ements needed to do the job right.

Quallty repazr costs more. Quallty motor repair practxces can be expeeted 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 coss
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. : ,

Workmg with small shops in an industry in transztzon 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 dechmng manufac-
turing base in the economy. Shops will resist efforts that rely on more government
T gulation and mandates. Addmonal mandates could weaken the industry.

Numerically, the 1ndustry is dominated by small shops that have low repair volumes,
work on smaller horse power motors, and have small staffs. ‘These shops are the least
likely to have the right equipment or training for quality repair and are the least able to
afford it. Requirements for more equipment and testing, and for maintaining larger

- stocks of spare parts could have the: indirect impact of driving smaller shops out of the
repair business. Large investments to improve equipment and operating praemes in -
small shops may not be justified because of small business volumes.




‘ln[rnslruclure Bumers

Manufacturers motor speuﬁcatwns are often unavazlable or maccesszble Shops re-
ported that winding data were not readily available for 30 to 40 percent of the motors
- they repaired. Specifications for bearings, fans, and lubricants are not accessible in a
timely fashion from all manufacturers. These specrﬁeatlons are critical for returning -
the motor to its original condition: In some cases, this information can be reverse-
engmeered but this praetree is time- eonsummg and can be inexact.

" Data availability varies eonsrderably by manufacturer Manufaeturers do not have
" 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"
- prov1de repair speufreahons 1o shops in a timely manner. ,

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

Tools and eqmpment for winding and wmdmg redesrgn are not available. 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 changed w1nd1ng eonﬁguratlons because o
of equrpment limitations. .

Techmcnl Bnrners

Winding removal stratcgzes that do not damage motor cores are needed Most wmd—

“ings are removed by burning them out in-ovens. Motors that have been rewound pre-

viously pose even more challenges because of the numerous dips, bakes, and epoxies

used. Almost 40 percent of the shops surveyed burned out cores at temperatures of 750

F or more, which can cause core damage. Forty percent of the shops did not have

water suppression systems, most temperature controls were not frequently calibrated,
~and few shops placed temperature Sensors in the motor cores. However, this problem -

may be less severe for new motors with cores made w1th C-5 steel which is less sub-

jectto overheating problems. : ~

Lack of Standardzzed Deszgns Shops reported that one of the biggest barrlers 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, beanng types, and other
motor components that a motor repair shop must work with is very ehallengmg There
has been some movement towards more standardrzed motor desrgns in the European
motor market in response to this problem '

Comprehensive data on the magmtude and sources of zm,reascd losses after motor

repair and the costs and effectiveness of remedies is needed. Litile comprehensive

research has been done to associate the magnitude of efficiency decreases with specific
- Iotor 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 1nvest1gat1on melude

I Are the efﬁuency decreases for large motors of the same magmtude as those for
- smaller motors? Are the problem practlces as common in the repair of larger motors?

M What are the efficiency and perfonnanee implications of specific problem repair
practices?’ . .

M How effective are alternative strategies for reducing core loss during burn -out.(oven
calibration, water suppression systems and alternative bum-out regnnes) and for di-
agnosmg core losses’ '

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

_ l What are the meremental costs for speuﬁc repair praetloes that maintain efficiency?




‘Section 5

»Slrnlggies for ,Encouifugiﬁgf Qnulily Motor Repuir |

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 d.ﬂd qual--
ity repair, efficiency losses related to motor repair ¢an be reduced and the rehahlhty of
repaired and rewound motors can be improved to deliver energy savings and support &’
-strong motor repair industry. This section identifies strategies for encouraging quality
repair and developing the utility parmerships that will be crucial for carrying them out:

The Overadll Sirutegy: Market 'Trun'slormution .

_Past attempts to encourage ,_energy—efficiént. technology and practice through utility de-
- mand-side management (DSM) programs have focused on retail approaches—pay--
‘ments of incentives and rebates to individual customers. The growing pressure on
uulmex o keep near-term rates low in the face ot 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 learned trom a decade-of DSM program evaluation, the DSM paradigm is
shifting towards market transformation models. Market transformation is not merely a
new name for old 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 Feldman (1994) and N adel and Geller (1994) t()r a more detailed discussion of
- market Tmnstormdtmn appmdches

Tranx‘f()r’min0 the motor‘repair market (o 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, Leistner 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‘uppoerualitv Assurance Progranm Utilities can help link energy ethuen(,y and
quahty I'delr to quallty assurance eﬁ()m hy R .

 Benefits to Uiilities that
Supprl Quality Moor.
‘Service Programs .
B Provide valuable service
" 1o key industrial and com-
mercial customers. -
B Meet 1eou1dt0ry man-
-+ dated demand-side man-
~ agement (DSM) targets
‘while serving’ key clients.

l Improve transmission
- and dzstrlbunon eth-
cienc
tices 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

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

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

B Supporting quahty assurance d’mrts by reuwm,:mu shops with nutsmnduw quahty
assurdnue pmoramx o

M Providing gmnts or tmanun0 0 key shops to reduue mmal cost for ISO and EASA-
- Q certification ‘md reuemhum(m

B Establishing a menmmw and training relanonshxp with key shops if your unhty hd\
“its own well- estabhﬁmd and effective quality assurance program.

Help Improve Education and- Training for Motor Repair Shop on 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 developmem and distribution of \hup -floor oriented quahty motor repair
guidebooks, training materials, and speuflcatmns , , .

M. Support Jomt training pr()ﬂrams with motor repair industry trade associations to

stress the importance of maintaining efficiency during repair for all motors. Key
training needs are described in the Motor Repair Indusiry 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 etticiency. A core-loss téster alone can cost
between $15,000-and $30,000. Manitoba Hydro ran a very effective program in which
they offered to co-fund 50 percent of the cost of a core-loss tester up to a maximum of
$10,000 (Canadian $) in exchange for commitment from the shops to partlupate inde-

~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 Cnnsomum

~for Energy Efficiency.

Support Quality Motm Repazr Research. M()re research is needed to identify the mag- -

“nitude and sources-of decreased efficiency 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 mvest;watm0 these issues. There are two:

-# EPRI and BPA have colldhorated 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.

- M -Nine Canadian utilities have also formed a 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




utilities” current projects include a (letalled analysls of core losses, a technical man-

ual to complement existing quahty standards. and a motor acceptance 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. :
Join with Industry Associations. As stated earlier, about two-thirds of the motor repair
business in the United States is done in EASA affiliated 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 Repuir. 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 shopz», 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 with Motor Repair Customers

Utilities” greatest value to motor repair customers is in educating motor users about the

benefits of quality motor repair and helping them leam to identify quality repair shops.
Helping 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»,()mers on how to identify quality repaif shops and the ele-

ments of good repair. Collahorative 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 o be used as. fact
sheets to assist in your educatl()n eﬁorts

-,

"B Provide access 1o ﬂmependenr motor testing and assessments 10 heip users under-
stand the repalr VErsus repla(,e option.

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

Working with Mnnufuclurers |

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

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

M Improve the information pr(,)vicled 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

Vllgmln Power/North Carolinu
Power's Motor Rewind Customer
Educnhon Program

Vu‘glma Power (VP) and North
Carolina Power jointly consid-
ered-an early effort to develop
andcertify motor repair tacili-
ties on theirown.. Instead they
chose to work with EASA: The
reason for this decision-was that -
EASA-alr eady 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.
Pleiemly éthere are two othcr

conierennes VP promotes
EASA standards at every -oppor-
tunity, such as energy audits
4and 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 t. educate the
customer to-base their decision
whether to repair or replace ex-
isting motors on economics and
individual motor circumstance.
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 and
industrial customers access (o
free motor testing (a value of up
to $1.000 per motor) through -
the Industrial Elcgtmteuhnolog
Laboratory. (IEL) in Raleigh,
North Carolina. IEL members
include most of the major utili-
ties in Virginia, South Carolina.
and North Carolina. According
to the program coordinator, the
ability of rewind-customers to
have compléte and independent -
laboratory dataon the condition
and efficiency of their motors

wind shops to.do a quality job.
: k 37
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B Encourage more standardization in motor parts and desi an.

'Mnlching Inveslmenls to Utili;lvaehe»lills

Energy S’avmgs From Individual Motors A) ¢ Small. Significant gains in eneroy em-»
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 al()ne will ﬂenerdte
much demand trom motor user\ for quality repair.

Energy savings alone are also n()t adequate to support ldrue prlce premiums for quality
repa1r of small motors. To illustrate this point, we have plotted estimated savings from
a 1 percent decrease in efficiency for a motor ()peratmﬂ 50 percent of the time against -
estimates of national 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/Mr. The Industry Assessment suggests that
incremental costs for maintaining efhuen(,y 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 i m(,rease very slowly with horsepower. Three levels
of increased cost are plotted i in Figure 11. At the lowest cost level and with average
utility rates, the break-even p()mt tor quality repair based on-energy savings is 25 hp.
If quality repair takes three additional man-hours and rhe utility rates are low, the
hreak -even p()mt ca_n be as high as 125 hp

Flgure 11
Annual Energy Savings of 1 Percent Avoided Efﬁcency Decrease
) By Horsepower
Versus Increased Repair Cost
(4380 Operating Hours/Yr)

$350

$300-. + o e

_ Annual Enerdy S.avings ()
8
[~
o

Horsepower

Low Rates -
-~~~ Avg Rates |
-+--:-: Labor cost 1 man .5 Machine hour

. - e Labor cost 2 man 1 Machine hour

— - Labor 9o§t 3 man 1 machine hour

Even though energy savings alone are unhkely to increase mot()r 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 swmhumt to motor users. Working with customers to
help them use electricity-consuming equipment more: effectively and productively can
generate good will with key industrial and commercial customers. This good will and a



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

Rertail appmadles to-improving quahty of- repalr such as rebates, are cost- pmhlhmve
~_because 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 requ1rements 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 voluines,
work on smaller horsepc ywer motors, and have small stafts 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 rg may not Justlfy sl gmilcant dlreu uuhty 1nvolve—
ment with small shops. Itis 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 Motor Repair Industry Assessmentnotes 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 eftorts. In-’
stead, Iow-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. : :
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B here are many types of mo-
tors, but certain things are
common among all. Nearly

*all motors have two mdjor
paris: 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-
" ture including the shaft on which it
is mounted. The stator is the sta-
tionary magnetic structure that sur-
rounds the rotor. Either or both
rotor and shaft are wound with
wire to provide a varying or mov-
ing electromagnetic force.

Most motors that aré 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

: Churuclerlshcs ol Motors

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

- horse of industry. They @e not always the most frequent visitor to repair

shops because they are reliable and they are relatively inexpensive to replace
when they do fail. Rotors of induction motors have neither permanent magnets
nor connections to an electric power source. The varying stator 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 qpeed of the magnetlc field pr0v1ded by the stator.

Synchronous motors are Most common in apphcatlons where the ratio ()f
horsepower to RPM exceeds one (ie., 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 propeily 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 u)mmutators
-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 comblmtlcms 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 haif of

FlgureA 1

Fraction
N
1

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 efficiency below

~ table 12-10 sometimes use the
“term “premium efficiency” or.

other superlatives in their model -
name or product literature. “En--

- ergy efficient” is the only official
terminology, but even this should - -

be considered with caution. Be- -
cause NEMA raised its standards,

“many motors that were properly
_classifiedds “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
(WSEO), to evaluate alternatives.

Are there side benefits or liabili-
ties associated with energy-effi-
cient motors? This question is
often asked by skeptical plant man-

agers. Genera]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.

Efflmency

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 eftlclency of those
‘models.

Full load rpm is somewhat corre-

~lated to efficiency, with energy-ef-

ficient models dveraging 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 to myth, higher effi-
ciency motors usually have no
more locked rotor or starting cur-
rent than their standard counter-
parts. Most are built to NEMA
Design B standards, which place
the same upper limit on all motors
regardless of efficiency. There can
be a greater difference in inrush
current, which is often erroneously

confused with starting current. In-

rush current is the larger momen-
tary current surge immediately -
following contact closure. It lasts
for less than a hundredth of a sec-
ond, in contrast to several seconds
for locked rotor current. Higher ef- -
ficiency motors tend to have

higher inrush current due to their

- lower winding resistance. Because
-1t is so brief, inrush current usually

has less effect on a user’s distribu-
tion system than the lesser magni-
tude locked rotor current. If high

“speed electronic protection devices

are used, the high speed trip



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

- Energy-efficient motors can be’
somewhat more difficult to repair, -
but this, too, varies by motor. En-
ergy-efficient motors are con-
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 any motor regardless .
of original efficiency. :

Why Motors 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 bedrmg s death

- warrant. Even extremely small for-.
eign pafticles 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 mureased hy 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 tan in-

* crease heating si gmﬁcantly 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 Iubricaht.

In the- repalred motor well douu-,
mented cause of increased motor

losses and overheating is core iron
damage. Core iron can be dam- - -
aged if the temperafture 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

bore.

Poor.impregnation 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 w1nd1ngs 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 overheating. The

most obvious cause of overheating -

is overloading the motor, but dirt
in the cooling passages is also a
major cause of overheating. Oper-
ating a motor at high altitude or in
hot environments contributes to

- overheating, Heat shortens insula-
tion life; for every sustained 10° C
increase, insulation life is halved.
Heat destroys lubricant. It is impor-
tant to note that anything that
causes overheating also causes re-

duced efficiency and higher operat-

ing cost.
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urchasing motor repair is
like making any other pur-
chase. To be assured of
quality at a reasonable
price, repair consumers
must be smart shoppers. Everyone
understands price, but to-be suffi-

" ciently informed, motor users must

know something about the repair
process. This fact sheet alone will
_not make you an expert, but it will

provide a basic framework to build

On,

- Motor repair varies with the extent

of damage. This example is for an
induction motor that has had a
winding burn-out and also re-

quires bearing replacement. This is

not a detailed description of how to

perform repair, but.an overview of

the process. It represents the typi-
-cal major repair process, but some

actual repair jobs will require spe- -~
cial work because of special motor

features or severe or unusual dam-
age. These variations are not cov-
ered in this example '

Wmdmg Removal

The Molor

Repmr Process

lncommg lnspecllon

The motor is reuexvecl and logged in. A motor repair form is filled out to 1den—
tify the motor condition upon receipt and expected necessary repairs. A re-
pairer’s record or job card is prepared to accompany the motor through the

Tepair process for d(x,umentln0 condmons found and both- routme and specml
actions taken.

The motor is inspected initially to diagnose the problem, determine the prob-
able.cause of the problem, and determine what work is required. If the wind- .
ing is not obviously defective, it will be-tested for insulation integrity. The
shaft is rotated manually to check for obvious bearing problems. If the motor

 is still operable, it will be run at full voltage with no load on the shaft to check

for balanced current and vibration. Winding resistance is measured. Results
are noted on the job file. :

When the motor is dlsmdntled matmo surfaces are match marked, and small
parts are stored for later reassembly. Conditions are noted and documented;

_for example, bearings are checked for electrical insulation method; configura-

tion of vertical thrust beannos is recorded and ax1al and mdlal clearances are

\ recorded

After dismantling, core-loss teésting is performed, using either a special com-
mercial tester or a loop test, which is a setup with a watt-meter and AC cur-
rent source. The core loss test excites the core from an AC current source with
one or more turns of wire through the core. The repairer checks for hot spots,
which usually-indicate lamination shorting, and records yvattage, i.e., core loss.

‘Windings are tightly bonded mto the motor stator w1th vanous hardenmg res-

“ins or varnishes. These bonding materials are necessary for electrical insula-
tion and good heat conduction and to prevent wires from moving and rubbing
away enamel. To remove old wmdmgs the vamish bond has to be defeated
by burning, the use of chemical solvents, mechanical force, or a combination
of these methods. Bum out is the most common method used and w111 be de—
scribed here.




To prepare the motor for burn-out,
the end turns are cut off one end of
the motor with a special saw. At

 this point, existing winding condi-

tions are usually carefully ob-
served and documented. Because
it is often difficult to find this in-
formation in written records any-
where, the wiring pattém, number-
~of tums, stranding combinations,

and diameter of wire are recorded.

The motor is placed in a burn-out
oven (not to be confused with the

- lower temperature vamish “bak-
ing” oven) and heated ideally to no

- more than 650° F. Burn-out ovens

- have temperature controls and

" most have a water injection system

{o prevent excessive temperature

- . rises, which occur when insulation.
begins to burn. After several
hours, when insulation has been
bumned sufficiently, the stator is re-
moved and allowed to cool. With

the vamish destroyed, old wire can.

-be pulled out mechanically and re-
" cycled:
Core Preparation

After burn-out, the core is cleaned
and any damage is repaired. This

process may include careful grind-

ing or machining, spraying or lo-
- cally inserting interlaminar
insulation material, or even -
restacking core iron. The
cleaned and repaired core is
given another core-1oss test to
see if the core has.maintained or
. improved its condition following
the stress of burn-out and any
subsequent repair actions,

Bewindihg

If the as-received winding con-

figuration is suspect because of a

- prior repair, the nature of the fail-
-ure, or pre-failure performance,
it may be necessary to obtain
winding data from records held

~ by the manufacturer, EASA, or

the repair shop. If sufficient re-
cords are not available, the shop

must redesign the winding configu- -

ration using engineering staft
and/or support from EASA soft-
ware and engineering staff. How-

- ever, EASA software and staff

time are not always sufficient to
guarantee optimal design for all
motors.

* New windings are prepared on a

special machine using magnet

wire insulated with enamel. Mo-
tors require either random-wound
(sometimes called mush-wound)
or form-wound coils. For random
winding, round wire is wound into
loose, usually diamond shaped
loops. Form-wound coils are ,
wound in a similar way, but rectan-

" gular-cross-section wire is used.
The wire is wound into orderly lay-

ers, shaped, then wrapped in insu-

lating tape to form a rigid coil with -
very little- wasted space. Formed

coils are usually used-on motors

~ rated for over 600 volts.

The coils are manually inserted

" into the motor stators. Various spe-

cial insulating materials are used -

' to line slots, isolate coil groups,
- and secure-end tumns. Any tempera-

ture sensors are replaced at this

. time. Coil group connections are

brazed and lead wires are attached,
and the motor is tested electroni-

_cally to verify proper wmdmg and

C(mnectl(m

To further stabilize and insulate

the windings, the entire rewound
stator is dipped in a varnish tank,
removed, then baked to harden the
vamish. A variation on this proc-
ess involves a vacuum-pressure im-
pregnation (VPI) varnish tank.

With VPI, a vacuum is applied to
expand and extract air bubbles,

 then pressure is applied to force

vamnish into all voids. Another
variation is a trickle impregnation

~method wherein the stator is pow-

ered by a low- -voltage DC current
(to heat windings) and rotated
while a heat-curing varnish is
poured through.

Rotor Reﬁp’u/ir
and Testing

Induction motor rotors appear to
be simple assemblies with no.
wires or moving parts. Nonethe-
less, a variety of problems can be-
fall them, including lamination

 shorting, cracked squirrel cage

bars, loose-swaged squirtel cage
connections, bent shafts, and




out-of-balance conditions. These
~_problems can be found by visual
inspection, core-loss testing (using
the shaft as the current conductor),
or electromagnetic excitation with
2 device known as a growler. Cer-
tain electrical tests can also be
done before disassembly with
‘working motors.

Rotors are repaired using a variety

of methods, as appropriate. Often

" there are no serious problems, but
all rotors should be balanced. Bal-
ancing involves spinning the rotor
- on a special fixture with vibration
sensors at the bearing points. A
readout from the vibration sensors
directs the repair person in placing
_ balance weights. -

Bearings

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

on smaller motors, and sleeve bear-

ings on larger motors. Anti-fric-
~ tion bearings are ball or roller

. bearings. Sleeve bearings have no
rolling parts; the shaft simply turns

in a close-fitting babbitt alloy
» 'sleeve '

Anti-friction bearings are often

routinely replaced whether they

show evidence of deterioration or -

" not. Severe problems with the
shaft sometimes require shaft

_ straightening, spray metalizing and
re-machining. Problems with the
end bells may require reboring and
sleeving for the outer race. Worm -
or damaged sleeve bearings may
require recasting the babbitt and -
machining to fit. .

'Reassembly and
Final Testing

Certain tests are performed during
- or after reassembly. If the stator

has been rewound, the insulation is
- tested for resistance and a winding

. son test is done to check for re-

~standard limits, and temperdture
rise within normal limits. If the

‘Finally, records are completed, en-
suring that the findings related to

.-the failure are recorded along with
all test results. The records are re-

' tained by the shop, ususally for 10
or. more yearq

resistance and/or surge compari-

winding errors. The reassembled
motor is connected and run-atno
load to verify balanced current at
the rated level, vibration within -

original failure involved bearing
failure due to shaft currents, the .
repairer checks for a low shaft-to-
frame voltage where one or both

- bearings are uninsulated. The mo-

tor is then pamted and prepared for
shipping. . R

-Addllmnul Rendmg

Quahty Electric Motor Repazr A (Juzdebook for Electrlc Utilities.

. EASA Standards for the Repair of Electm,al Apparatuq The Eleu:ncal Appd- ‘
_ ratus Servme Assouaﬂon Inc.

Tech Note No. 16: Guidelines for Mamtammg Motor Efficiency Durmg Re-
building. The Electrical Apparatus Servrce Assouauon Inc.

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

Horscpower lmplementmg a Basic Policy for Indusmal Motor Repazr/Re—

- placement. Industrial Eleotrotechnology Laboratory & The North Caro]ma Al--

ternative Energy Corporatron

For mformatmn on-these reference matermls, LOthCt the Motor Challenge

Information Clearinghouse, P.O. Box 43171, Olympia, WA 98504-3171; Hot-
line (800) 862-2086; U.S. Department of Energy. Access and availability may
vary depending upon user afﬁlratrons and current drstnbutlon policies of the

: fautlrorlorgarnzatlon
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How o Delermme When lo
Repmr and When to Repluce
o F ailed Eleclrlc Molor

he choice of rewinding a
" failed motor or replacing
it with a more energy-effi-
cient model can have a big
 impact onyour bottom
- line. This fact sheet describes five
important factors that should be
considered and outlines a six step
process for making the most eco-
nomically advantageous decision
for your situation. -

) Buckground.

Motor end-uses dominate eleCtn'city use in the cemmercial and indust:rial sec-
tor. In 1993, between 1.8 and 2.9 million motors over 5 hp (totdhng over 200

‘million hp) were repaired in the Umted States. In the same year, over 2 mil-

lion new motors were sold. The choice between replacing or repairing a failed
motor comes up frequently. The choice is not trivial. Motor failure is often.

~caused by insufficient maintenance, problems within the power system or con-

troller, harsh environmental conditions, or problems with the driven load.
Motor life’ can also be shortened by improper repair.

‘ Plemature failure due to poor quality repair affects your bottom line; so does
~ the downtime accumulated while waltmg for an unstocked motor to arrive.

The annual energy cost of runnmg a motor is usually several times greater
than its initial purchase price. A typical contmuously running 50 hp motor
will use between $10,000 and $15,000 worth of electricity annually depend-
ing on utility rates in-your area. This is four to six times:its initial purchase

 price. Making the nght chmce matters.

Use these ﬁve questlons to help you detemnne the most economlcally advan--
tageous chmce for your firm. ,

B How will the decision affect downtime?

B Is the motor reparable?

- M What are the first cost differences between repair and purchase? (The first

cost for repair is the repatr price, only, the first cost of motor purchase s
purchase pnce only. ) ‘

- How will the deu SlOIl affect operatlng costs"

| What are the dltterenceq in rehabthty for a new versus a repalred motor"

Analyzmg costs and benefits in these areas ,w111 g1ve_y0u the information you
‘need to determine which choice best meets your financial criteria.




First Things First:
Impact on Downlime
In most facilities the cost of loét -

production or customer inconven-
ience from downtime far out-

~ - weighs any cost differences

between repairing or repldcmg a
failed motor. If a motor is critical
to your operations and there are no
spares available, the best option is
usually the one that puts a well--

~ functioning motor on line fastest.

Either option, repairing or replac-
ing a motor, can be faster. A typi-
“cal turn-around time for repairing
a 50 hp motor, assuming parts are
readily available and no machining
is needed, is about three working

- days. A rush order can decrease

. turn-around time to two calendar
“days. Tumnaround times are a day
or two longer for motors over 150
hp because of longer process time
requirements.

If you decide to replace a motor,
the major concern is stock avail-
ability. Most general purpose open
drip-proof (ODP) and totally en-
_closed fan-cooled (TEFC) motors
under 100 hp will be available on
the shelf. Non-specialty motors be-

tween 100 and 500 hp are often in -

stock at the manufacturers and can
be rush ordered with two to four:

day delivery. Specialty motors and

‘motors over 500 hp may take up to
several weeks to replace dcpend—
- ing on the qpeuflcatl()n

Repufubilily

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

restacking the core or extensive

‘machine work. Repair costs rise ac-

cordingly. It is difficult for un-

- trained persons to determine by

casual inspection whether the re--
pair problem is routine or more
complex. If the economics of the
repair decision are uncertain; the
motor should be inspected and a re-
pair bid prepared first.

Purchase Versus

'Repuair Cost

Motor horsepower and type

strongly influence purchase and re-
_pair costs. The purchase price of -
' new motors increases much more
‘quickly with horsepower than the

cost of a straightforward rewmd/
repair. A standard-efficiency 1,800
rpm, TEFC or ODP motor under
10 horsepower is more expensive
to rewind than to replace. At 40to
60 hp rewind costs for these mo-

tors are typically half the purchase :
“price of anew energy efficient mo-
-tor. When repair costs go below 50

percent of new motor costs, the re-

 -pair option is usually taken. This

point is called the repair point. _
Over the last 10 years the repair

point has steadily moved from

smaller to larger horsepower mo-

~tors as labor costs increases raise -
rewind costs and.new motor costs
- decline. This trend is expected to- -

continue.

~Purchase prices of explosion

proof, vertical, high-slip, low- -
speed, multi-speed, and wound ro-
tor motors are much higher than
ODP and TEFC motors at a given
horsepower. Specialty motor re-

.. pair costs, however,-are only mod-
- erately higher than-general =

purpose motor repair costs. There-

fore, the repair point for some spe--

cialty motors is at lower
horsepower. In some cases, the re-.
pair point may be below 10 hp.

,_ ﬂpernﬁng Costs

Energy costs are usually the big-
gest operating cost change. The
change can be significant if the
failed motor is replaced with an en-
ergy-efficient motor. When calcu-

lating energy costs, both possible

decreases in the efficiency of the

-rewound motor and increases in

the efficiency of the new motor
should be considered.

Most motors can be rewound and
repaired with little or no increase
in losses if proper care is taken.
However, quality control, labor,
and materials vary significantly
among shops. Case studies of re-
pair involving over 50 motors in
different parts of North America
found decreases in full load effi-
ciency of between 0.5 and 2.5 per-
cent. Estimates of efficiency

-decreases after repair in a typical

shop converged on about I per-
cent. Unless you are certain that
your repair shop follows stringent

~ quality control procedures, assume

some efficiency decrease after re-

wind.

Efficiency ratings for the replace-

 ment motor are available from the
- motor nameplate. Since the aver-

age efficiency level of standard-ef-
ficiency motors (below NEMA

- 12-9) has not changed in 30 years,

simply replacing a motor with an-
other standard-efficiency motor

will save significant amounts of en-
ergy. If an energy-efficient motor

- is specified, savings can be large.
-_A'single point of efficiency gain

for a continuously operating 50 hp
motor with a 75 percent load fac-

-tor saves between $150 and $200
“annually depending on local rates.

Reliability Concerns -

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




salespersons argue that the overall

* quality of new motors is more con=
sistent. There is a significant differ-

ence between the top and the
bottom of the line; Standard effi-
cient bottom-of-the-line motors
generate more heat than energy-ef-
ficient motors and can fail earlier.
Also, the cooling fans on energy-
efficient motors that have to han-
dle lower heating loads are not - -
down-sized proportionately to the
decreased heat load and are often
slightly oversized. This improves
heat dissipation. Finally, manufac
- turers often bundle energy-effi-
ciency features innew
premium-efficient motors with
‘higher quality parts and features.
These can also extend motor oper-
ating life.

New motors, like many products
have a break-in penod when main-
tenance problems and failures can.
be significant. If the failed motor
does not have a history of failures,
a new motor may actually increase

~ maintenance time. The worst possi- -

-ble situation is to cycle through
motors so quickly that mainte-
nance staff are constantly breakmg
new motors in.

Repair-shops claim they routinely
upgrade insulation from Class A
“or B to Class F or H during re-_
‘wind. This significantly reduces -
the likelihood of early failure due
t0 exposure to high temperature.
At face value, this practice seems -
positive, but it could help mask an
efficiency degradation by keeping
a repaired motor running lon gerir in
spite of hi gher lc)sses

No studies compare reliability of
repaired and replaced motors. We

- expect the reliability of a quality
repair and an new energy-efficient
motor is on par. Both are more reli-
able than a poor quality repair ora
standard-efficiency motor.

Pullmg ll All Tngelher |

We re(,ommend SlX-Step pr()(.ess :
for deciding to repair or replace a

tailed motor.

Slep 1: Address

Downtime Bonsrdéruhons

If the failed motor dnves crltlcal
equipment and no back-up motor

‘is available the most important
* question is, “Which approach re-
- sults in the least amount of down-

tlme?” :

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

dates. When asking for repair turn-

“around times be sure to ask how
- long will it take to getthe rewind
done right. Pushing the repair shop

too hard may result in a hasty re- .
pair, and quality may suffer. A

- poor quality rewind or repair leads

to higher operating costs md pre-

mafure failure.

| Step 2: Assess Whether

Current Molor is llphmnl
for the Appln:ulmn

If the motor'fallur_e is not oh acriti-

cal path, this is the time to assess
whether the failed motor was the

“most optimal for the apphcanon

Can a more energy-efficient model
be used? Is an energy-efficient
model available in the size, speed,
and features needed? Can the mo-
tor be resized? Issues around resiz-
ing motors are complex. A good

- source to consult is the-High Effi-

ciency Motor-Selection Harndbook:

. and fact sheet from the Motor
- Challenge Program. (See Addi--

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

should be used as the new. pur-

: chaSe_ compaﬁson‘,.

Slep 3 llelermme ll .

\Detmled Amllysns isN eeﬁed

Analyzmg the motor repalr/replace
option comprehensively and ob-
taining bids for repairing or replac-
ing a motor is a resource-intensive
process. For some combinations-of
motor types, sizes, and operating
conditions, the cost advantages of =
either the repair or the replace op-
tion are so clearly superior thata
detailed analysis may notbe -
needed. Here are some rules of -
thumb to guide the decision. Con-
sidering only first costs and energy
costs, it is almost always more eco-

" nomically atractive to:

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

[ Replace non-specialty motor un-
der 15 hp. Repair/rewind costs
are equal to or higher thana
new-motor and these motors are
more likely to be in stock.

M Rewind motors over 100 hp.
New motor costs rise steeply
above 100 hp and energy effi- .
cient replacements are less
likely to be stocked, Although in:

~ areas with high utility rates, it .
may be worth analyzing the re-
-placement option for heavily
used motors up to 150 hp.

© Step4: Obtuin Bids

- If either option is,iiot elearly ruled -
- out at this stage, obtain bids from

both the new motor euppher and
the repalr shop

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




pair specification, such as ttlé Elec-
- tric Motor Repair Specification de-

veloped by EPRI, Bonneville
Power, and the U.S. Department
of Energy. Altematively, ask
whether the shop uses EASA-Q or
other quality assurance standards.

Adjust new motor purchase costto
include dealer discounts and utility

motor rebates if they are available.

~ Do not overlook additional installa-
tion costs. Changes in the speed,
horsepower, and frame may re- -

~quife changes in wiring, new

mount, belt, sheaves, pulleys, and

other installation modifications. .

Step 5: Calculate
Energy Savings
‘The formulas for calCulﬁiting differ-
ences in energy cost are:
Equation i

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

Equation 2

" Demand Cost Savings = hp * Load
% 746 * (100/ERr - IL) -

100/ERny*MDC*NM

Where:

Load = Arverage'm(')tor load

-ERr = Original Pré—Failure- Effi-
ciency Rating for the rewound mo-

tor

IL = Rg(iucti()n in efficiency (per-
- cent) that results from rewinding

ERn= EfﬁciéhcyRéting of the

" . New Motor

EC = Local energy 'charge'

(Cents/kWh)

MDC = Monthly Deménd Charge

NM = Nun/lber'/of months demand’
charge applied \

If you do not have the efﬂCiency
rating of the failed motor (ERr), a

. reasonable substitute is the aver-

age standard-efficiency motor (not
meeting NEMA Standard 12-9) in

1994. The average efficiency of

available standard-efficiency mo-

tor brands has not changed signifi- .

cantly over 30 years. This. value
can be found in MotorMaster®
software. A useful rule of thumb -
for estimating typical efficiency
losses from rewinding is an 8 per-
cent increase in losses (1-Effi- -

- ciency Rating)’over pre-failure

conditions. Zero can be used if the
repair shop has demonstrably ef-

fective quality assurance programs.

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

75 percent of full load. In the ab-

sence of better information this is’

a conservative assumption to use.

Step 6: Calculate

Financial Impacts

Net present value or simple pay-
back methods can easily be ‘
adapted to this problem. The basic
form for calculating the simple
payback for a high efficient re-
placement over repairing the mo-
tor is: o

Equation 3

SPB= ' NC+ IC-
‘ECS + DCS

‘where:
' SPB = Simple Payback

'NC = New motor cost - dealer dis-

counts

IC = hiicremental installation costs
(if any)

; RWC =,Rewind/Repzﬁr Cost

UR = Utility Rebate (if available)

ECS = Energy Charge Reduction
(see Equation 1 above) '

‘DCS = Derﬁand Charge Reduction

(see Equation 2 above)

NPV approaches providé amore

flexible means to deal with the
time value of money. We recom-

- mend that the benefit stream from

energy costs be limited to 5 years,

_aconservative estimate cf the time

until next failure. If the motor is
operating in a dirty or corrosive en-
vironment the benefit stream

"~ should be reduced further.




- 1$928.

| Example

A 50 hp 1,800 tptn TEFC motot has failed at ACE mannfactur'mg. A spare motor is available so down-time is not a
consideration. The motor runs 12 to 15 hours'a day (5,000 hrs/yr) and does not appear to be significantly under or over
‘| loaded. Since the local utility offers a rebate for premium-efficiency motors, ACE gets a bid on a premium efficient

model with a 3/4 load efficiency of 95 percent. The purchase price including a25 percent dealer discount is $2,550.
The utility rebate is $8/hp or: $400 Loedl utility rates are $. ()5/kWh for energy and $9.00/kW for demmd

: The original efflueney of the failed motor, still leglble on the nameplate is 91 percent. After 1nspeet1ng the failed 1 mo-
tor the repair shop finds bearings need to be replaced. The bid on the repair comes in at $1,100. ACE is not familiar
with the quality control of the shop. They assume an 8% increase in losses whichis a. O 2% eff1c1eney decrease '
Energy Savmgs = 5000 hrs x 5() hp X 75 (10ad) X 746 X (100/(91 - 72) 100/95) x §. OS/kWh '

= $384.89 R : ;
| Demand Savings = 50 hp x .75 (load) x .,7‘46 x (100/(91 - .72)—' 100/95) x~$9.00/kWh x 12 (months) ’
=$166.27 o |

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

4 = 1.9 Years

The energy savings from replacing the failed motor. w1th a premlum efﬁuency motor will pay back the costs of the
new motor in 1.9 years. The net present value, assummg a 20 pereent dlscount rate and five years of energy savings is

Addllmnul Beudmg

Quality Electrzc Motor Repair: A Guzdebook for Electric Utzlmes

Buying An Energy effi czent Electrzc Motor Electm, Ideas Cleannghouse
: Teehnology Update Bonnevﬂle Power Admmlstratlon

Energy Eﬂ“ cient Electric Motor Selectwn Handbook U. S Department of En-
-ergy ~

For information any of these reference materials; contact the Motor Challenge -
Information Clearinghouse, P.O. Box 43171, Olympia, WA 98504-3171; Hot-
line (800) 862-2086; U.S. Department of Energy. Access and availability may
vary depending upon user afﬁhattons and eunfent distribution policies of the
author/orgamzatton : : ~

* - Fact Sheet written by Vince Schueler and Jphnny D0uglass, WSEO.
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Evaluating Motor Repair Shops

ost users warit to pur-
chase a quality repair

Jjob, but what is quality? .

- Ml Quality means more
" than having the outside
and inside of the motor be neat
“and clean. Errors and careless
- workmanship reduce efficiency
and shorten the life of a repaired
motor. -

To be assured of a quality product,

customers of motor repair shops
need to clearly understand the
service they' re purchasing. It is

certainly important to have a speci-

~ fication outlining the expected

- scope and quality of work. How-
ever, nothing can ensure quality
work if the shop is not capable of
it, 50 the most important thing a
smart shopper does is carefully se-
lecta competent and reputable

: shop

. An important starting point in
choosing a shop is to assess
whether it does significant repair:
work with the type and size of mo-

“tors you are likely to have re-
paired. If the motors you have

‘repaired are mostly small induc-
tion motors, you might want to

 avoid a shop whose bread and but-

ter is locomotive motor/generator
sets. If you have many motors over
600 volts, you might want to avoid
a shop that handles motors that
are mostly 460 volts and under.

Working with a shop outside its p}i- -

mary market niche may lower qual-

ity or increase price. Customers

with a wide range of motor types

may benefit from qualifying two or
_more repair shops

o Repair matenals inventory

ﬂblummg lnlormuhon

The followmg elements can help cubtomers determme a shop $ ablhty to-
deliver quality work:

I Tools and facilities mvenfory

Facilities must be in place for handling the largest motors you expect to

- submit. Winding heads sufficient for duplicating original winding patterns
must be present. Thoreugh diagnostics and verification of correct repair is
difficult without certain equipment llke asurge tester and a well regulated ‘

© power supply

A variety of materials are used for electrical insulation in motor repair.”
“These materials include slot liners, wire sleeves, special paper separators
for coil groups, and material for tying and restraining end turns. Most
shops stock only class F or class H insulating materials, which often ex-
‘ceed original insulation heat ratings. These materials are often cited as
~ higher quality, but they are also cheap insurance for poor repair because -
they better tolerate overheating, which can result from degraded efficiency.
Shops that do not have a good invento‘ry of wire sizes in stock should be
~able to explain how they get restocked quickly or prov1de stranding combl—
_nations for mamtalnmg ongmal wire cross-section. /

B Staff stability, trainin‘g,‘experience,_and morale -

‘A knowledgeable staff is important. Many shops hire personnel with motor
repair training from the military and provide further on-the-job training.
Others actually prefer new hires with no prior experience so they can train
them “right” from the start: Some repair shops are family businesses with

~ multiple generations and good mentoring of younger staff. A low turnover
rate-can indicate employee sansfaem)n and management s willingness to
invest m staff. :

| Re(:(_)rd keeping systeim

~ Good record-keeping is very important. Motor management is akin to
health care. A record of past problems and remedies can be inv_aluable for
“diagnosing or preventing new problems and resolving any warranty issues.
An elaborate computer system may be impreéssive, but many shops make
thorough records on job cards that can be kept for many years.’ '




H Cleanliness

Cleanliness is often associated
with good quality management.
‘Cleanliness is more than an aes-
thetic matter. Most material and
supplies used in a motor shop
need to be protected from con-
tamination; tools and test equip-
ment need to be organized so
they can be found when needed;
. gauges and testing equipment
-need to be put away or pro-

- tected from damage when not in-
use to maintain calibration. Lo-
cations where bearings and [u-
bricants are stored or installed
must be very clean because
even very small particle con-
tamination can be a time bomb
that can cause premature bear-
ing fzulure

Standard operating
" procedures

Evidence of a system for main-
- taining quality is important. Ide-
ally this system will include a

formal quality management sys- -

- tem involving third party inspec-
tion and certification. These are
still rare, but they may become

. more commonplace with the
Electrical Apparatus Service As-
sociation’s (EASA’s) promo-
tion of the EASA-Q quality
management system and in-
creasing awareness of ISO 9000
quality management standards.
Shop managers should be able

- to point to documents that pro-

vide standards, operating proce-

dures and important records,
such as bearing-fit standards,
testing procedures, forms for re-
cord-keeping, and calibration re-
cords.

~ Determining whether a shop pro-
vides quality workmanship can be
time-consuming. However, a care-

ful evaluation will include both an . -
interview and an inspection. To en-

sure comprehensive investigation,
a suggested checklist is provided

at the end of this fact sheet. This
list can be completed during the in-
terview and annotated as neces- -
sary during the walk-through
inspection. Smaller customers of
repair services may not find it nec-

* essary to complete the checklist

formally; however, the list can
help repair customers understand
the equipment and practices that ‘
are 1mp0rtant in quahty MOtor fe-
pair.

Some items on the checklist are

‘less likely to be present in small or -

specialty shops. For example, your
shop may not have a 10-ton crane.
Obviously, this is no problem if
you only intend to have the shop
repair motors under 50 hp. Other
items may not be present, but the

- shop provides them by subcontract-
-ing the service. If your shop sub-

contracts services that you will
use, discuss the reasons for subcon-

tracting those services and inspect

the subcontractor’s facility.

Conducting the
_Evuluulmn |

. Make an appomtment for evaluat-

ing the shop in advance, reserving -

at least half a day. Advise the shop -
manager that this is part of a struc-

tured evaluation and that he or she
may be asked to producé evidence
for such things as employee train-
ing or equipment calibration prac-
tices. The evaluator should attempt

~ to make the shop manager feel

comfortable. Allow the manager to

“explain answers, and-do not hesi-

tate to-diverge from the, written
checklist to pursue a better under-

- standing of shop practices, staff -
- knowledge, or commitment to

quality. Avoid reactions that make
it appear that you are making an
evaluation on the spot. ’

It is important for the evaluator to

be well-informed. A familiarity

‘with motor construction and meth-

ods and issues in motor repair are

‘ _important. The interviewer should

have thoroughly reviewed the
Quality Electric Motor Repair: A
Guidebook for Electric Utilities.

Depending upon the size of your
potential business and your pre-
ferred interview style, you can con-

~ -sider variations in approach to the
‘interview. Some customers may

wish to provide the checklist to
shop managers in advance of the
interview. Alternately, it can be
withheld if you feel that it would

. discourage candid responses. If it

is withheld, the shop manager
should be advised of the scope and
general content of the list so that

‘he or she does not feel “blind-

sided” and become uncooperative:

. For your convenience, a commen-

tary regarding desirable responses
is placed in the right margin of the

-checklist. If you are concerned that
* the shop manager will see this and

stretch for a “correct” response,
the responses can be masked when

“the form is photoeopled

The first two parts of the checklist

-assess shop capability. They assess

capacity capability and specific ca-’
pability. Capacity pertains mainly
to the size of motors that can be ac-
commodated. Specific capability
pertains mainly to the ability of the
shop to do certain repairs that may
not routinely be part of all motor
rebuilds. Limitations of these capa-
bilities do not necessarily indicate

efficiency or quality problems for

repair jobs that do not require
those capabilities.

- The third section of the checklist

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




_ Motor Repair Shop Checklist
Capacity Capability (for 'mullipié devices; ‘Iisljimximum mpnliilily of each) \

hook height, \

‘Crane Size tons

. . ) - ae . : -

‘Hydraulic Bearing Puller capacity ___tons -
Truck Capacities 1/2ton 3/4ton ____2ton _6ton

Door Height _

- Burn-Out Oven .I‘nt_emai Size . H 3 w D
Dip Tank, depth___ diameter a
VPI Syaem;‘ S R | / ?'
depth ____ djameter’ , pressure capabiiity_f;psig, vacuum capability “in Hg

' In-Shop Dynamic Bzilancihg Capability. Check all rotor weights that can be balanced;

__1001b - , . o ‘
___1,0001b

__5,0001b

10,000 Ib

_20,0001b

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

208 . 2300
_ 230 __ 4,160 -
460 o 5,000 ,
__575 . . __ DC;voltage range

Is power supply voltage continuously vﬁriable_? -
Can p(')wer‘ supply réliabl«y VControl phase balance to within 1%7
- Specific Repair Capability

' Check services offered:

- __Random-wound polyphase AC motor repair -
__Form-wound polyphase AC motor repair -
__DC motor repair S

-__Servo Motor repair .




Précedums, Pruclices, und inﬁnloﬁes

What pnmary methods of w1ndm0 removal are used? e
Controlled bumn-out; typical temperatare ____F. (If sometimes hlgher ex-
plain circumstances.) : \

__Chemical stripping

__Mechanical pulling at temperdture under 400°

Other

How many different round wire sizes are present in inventory?
What does shop do if exact wire size is not in mvemory

.On random wound motors, is wm(hng pattern ever rev1sed for reasons other
than customer ordered re- desx gn? :

- If yes what changes?

__lap to concentric

__coneentric to lap

__other (explain)

Why are changes made?

How many employees have the following years of experience?
___Overs - :

4108

- Under 4

What sort of supplemental training or professional development activity is
offered to shop floor employees? (Obtain evidence if possible )

___In-house training or structured mentormg (Describe) -

__~ Off-site short courses, workshops or seminars one or more days in length
___Subsidized evening or part time classes at college or trade school -
___Attendance at trade conferences or conventions

__Other

' How often do shop-floor employees get training or profess10ndl developmentb .

benefits?
___Average days off-site per year per employee '
___Annual expenditure per employee ‘

In w_hat trade or professional associations does shop have -
membership? . '

~ What temperature classes of inshlatidn are stocked and used?

~What (if any) kind of core- loss testmg does shop use?
___loop orring test; max kva____
___Commercial tester Phenix brand; max kva
___-Commercial tester Lexeco brand; max kva
- Other (desenbe)

| Burn-out most common. Best ifun-

der 650<>

Mechanical pulling at reduced tem-
perature can be good. Itis rare in U, S
15 minimal; 25 good

Evidence of quick access to suppher
deqlr’ible .

Not de‘shable to revise pattern for
convenience.. _A conversion from con-
centric 1o lap is often done, but -

| should be avoided:

Desirable to hav,e 20% or more with

over 4 years experience.

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

training is desirable.

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

I3

EASA membersh1p is a definite plus
though very large shops may have in
house capability to provide same.

F or H desirable.

Any commercial tester is evidence

- | that shop is conscientious about core:

losses: Loop testing per EASA guide-
lines may be comparable to commer-
cial testers if performed correctly.




How are results used? List all that apply.
___Check for hot spots to be repaired
___Note watts per pound and compare to a standard

—_ Document impact of burn-out/rewind to customer |

Is no-load testing done on all motors?

Equipment Calibration

S

Date last calibrated

Item : ' _ Normal interval or certified
‘Wattmeters:
" Core Loss Tester

Bum-out oven temp.

Ring Gage
through size 312
through size 318
Bore Gage _
through size 3 12
- ‘through s1ze 318

~ Micrometer
1"
o
3
4"
5n
sl
7.:
etc.

Vermier Cahpers
_range

etc

Vibration Analysxs Equlpment
Brand_____
Model_-

Sui‘ge Comparison Tester
Brand____
Model

Hi Potential Tester (HiPot)
Brand
Model_
AC rating __ )
DC rating L

Megohmmeter
Brand
Model ___

 Annual

Certainiy check for hot spots. Noting
watts per pound and comparison to

standard or before and after testing is

commendable.

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

| Annual

Amnual -
Annual
Annual

This should be a certified standard

| for calibrating 'b()re gages.

- Cahbrated to aring gage before and

after each use.

| Three months on micrometers and

vernier calipers. May be done in-
house to a certified standard. Stand-
ard blocks must be kept clean and
dry and show no sign of da:mge or
corrosion

Annual

o 'I‘hree months toa cemﬁed standard '

resxstance

Three months to a cemt" ed smndard -
resistance. '




Equipment Calibration

o o ' Daie last calibrated
Item - _ Normal inferval ~ or certified

Milli or Micro Ohmineter
Brand_ v
Model
Lowest Resoltition

_ What percent of motor rewind jobs get core loss testmg both bef()re and after |ldeally 100%: Explain 10W€r Pefceﬂt-~
rewinding. - % L , : ages.-

Vamish and resins Sample should have been taken and

Spec. analyzed to be satisfactory every two
spec.___ ; ; : i months. Manufacturer’s material
spec._ ’ - . ' specs. should be on file.

spec. o ' B

spec.

Library: Check all the followmg documents which are present

D()Lument o Ldtest Rev1s10n Date
__ NEMA MG1 Motors and Generators
__NEMA RP | Renewal Parts of Motors & Generators ,
__ABMA Std 7 Shaft & Housing Fits for Metric Radial Ball & Roller Beanngs
__ABMA Std 20 Metric Ball & Roller Bearings Conforming to Basic Boundary Plans
__ISO 1940/1 Mechanical Vibration - Balance Quality Requirements of Rigid Rotors Part 1
__ISO 2372 Mechanical Vibration of Machines with Operating Speeds From 10 to 200rev/sec
__ISO 9000, -1, -2, -3, -4 Quality Management And Quahty Assuranc.e ,
__IEEE Std 43 Insulation Resistance Testing
__IEEE Std 112 Polyphase Induction Motor Testing
__IEEE Std 113 Test Procedure for DC Machines
__IEEE Std 432 Insulation Maintenance.
__IEEE Std 1068 Petroleum & Chemical Industry Motor Repalr (1)
__UL 674 Rebuilding Explosion Proof Motors (1)
__.EASA Technical Manual (2)
__EASA Winding DATA (2)
__EASA Warranty (2)
__EASA Standards (2)

(1) Not applicable for shops which do not Serve this market -
(2) Non EASA members should produce equivalent‘documénts or file material. *

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

7




Addilionul Rending -
. ' .
Quality Electric Motor Repair: A (xuzdebook for Electrzc Utzlztzes

EASA Standards for the Repalr of Elecmcal Apparatuq The Electrical Appa- ,
ratus Servu,e Assouatlon Inc . »

 Tech Note No. I 6 Ouzdelmes for Mamtammg Motor Eﬂiczency Durmg Re-
buzldmg The Elecm(,al Apparatus Servxce Association, Inc. - :

Tech Note No. 17: Stator Core Testmg The Electrical Appdmtus Servu,e As-
sociation, Inc

" For information on any of these reference materials, conta(,t the Motor Chal- '
lenge Information Cleannghouse, P.O. Box 43171, Olympia, WA 98504-
3171; Hothne (800) 862-2086; U.S. Department of Energy. Access and
availability may vary depending upon user affiliations and current distribution
pohues of the author/orgamzdnon o

‘Fact Sheet wﬁﬁen by Johnny Douglass and ance Schueler, WSEO.
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Selecled Blblmgruphy -
on Eleclrlc Molor Repmr

- Bemow, Steve, Frank Ackerman et al. *“Direct Envxmmnemal Impaax of Demand Slde Mmaoement ” ACEEE 1992
Summer Study on Energy Efficiency in Buzldmgs ACEEE. 1992. p.9.23-9.24, o

Broadly discusses envirommental unpd(,ts of DSM. Indudes a good section on the (,ompdratwe envi r()mnental .
llllpd(,t.% of motor rewmdmc VS, NEW-Motor mdnutacure

-Bishop, Thomas H. “Motor Repalr Industry Response to the Energy Polu,y Actof 1992 A Swtus Rep(m 7 Proceed-
ings of the 21st Electrical Electronics Insulation (,onference, 1993, p. 105-108.

Summary of actions taken pnmanly by EASA respondmu to legislation and i mues pemunmL to rewound
motnr etﬁuency - :

Brethauer, Dale M., Doughty. Richard L., and Robeﬁ. J. Puckett. “The Ililpact of Efficiency on the Economics of New
- Motor Purchase, Motor Repair, and Motor Replacem‘ent." IEEE Proceedings of the Petroleum and Chemical
Industry Conference, 1993. p. 37-50. ‘ ‘

- Provides economic analysn tools t()r ch()l(,es mvnlvm0 new motor purduse motor replacement or repair.

' Bnthmee WdlldLEP “Electric Motor Repdlr Industry Update IEEE Electrical Insulatl’on Mag_az‘me,*]uly/Augusr'
1993. p2224 R S

Summary of current mues and resedrch pernumn0 t() momr repalr

P

“C an Rewmdmo Hurt Motor Efficiency.” Production Engmeqnng, June 1985 p. 1()0 102.
Summanzex EASA Core Loss Study results.

“A Cheap Rewind of a Motor is No Bdrgam Productwn Engmeermg, Fehruary l‘-)Xﬁ p- lU
Reporton study by GE of mcreased wre lmses from poor quahty rewinds.

Cohen, Michael. “Predlcnve Maintenance of Operational Motors Usmo Di glml Data Collectlon and Trend Analysis.”
Tappi Journal, January 1991. p. 151-155. g -

Reu)mmendanons md examples or predluwe motor. mamtenance ha,xed on recor(hn,g data and analyzmo trends. .

Craig, B1_ll “Posmve Fault Identmcatmn Usm0 Surue Testing.” EC&M, Septemher 1984. p. 44)

Describes “Surge Test” technique. This tedlmque is used o deteu errors in the-rewound mutor as well as diag-
nosing faults in failed motors,

Dalifymple 'Murm’y “PM Programs Reduce Motor Failures.”” EC&M, October 1984. p.3M4& 175:
Describes testing and inspection of motor rel‘ty urum proteutms & tuses.

‘Darby, E. Steve. “‘Electm, M()t()r Rewinding Should Mamtam or Enhame Ettluen(,y v IEEE Transactwns on
Industry Applications, January 1986. p. 126-132. -

“ Good overview of techniques usedin a 000(I motor repalr shop to ()plnmze relublllty and efhuemy




Darby. E. Steve. Rewmdm0 Motors For Eﬂluemy ” EC&M Nuvemher 1987. p. 30.

Desenbes reeommended rewind teehmques for Uptnnum ettlueney (and rehablhty) based on rewinding expen-
“ence. C s :

Dremlker Henry “Modermn Rewmdmg Methods Asxure Better Rebuﬂt Motors.” EC&M Auvust 1987 p. 30.

. Describes: efhueney benefits of’ meehamedl winding remova] at below %()()F rather than bum—()ut also trickle
varnishing. : : ‘

“Eleétric Motor Breakdown Waming.” Engineering Digest. October 1988. p.49.
Describes device that detects changes in motor magnetic signature to indicate problems.

"Gupta, B.K. and D.K. Slurma *Degradation of Turn Insulatu)n in Motor Coils Under Repetmve Surﬂes IEEE
Transactions on Industry Applications, June 199() p. 320-326. :

Tests the hypothesis that electrical surges ( sueh as produeed hy unhty switch 0ear) ages wmdlmT insulation.
Tests indicate minimal etteet Very TeLhIllLdl

H()w i00) Get the Most me Your Eleetru, Motors.” EASA 1992, |

Gu1dehnes on apphedtlon maintenance, eleamng, and testing of motors. Ineludes mfonndtmn O repair vs. re-
placement. ; » ‘ o ‘ o :

Idhammar, Christer. “Basic M()ror Cleanmo Inspeen()n Cdn Help Reveal Possible Pr()hlems Pulp & Pdper,
February 1994, p. 68

JEEE Standards Board. IEEE Recommended Practice for the Repair and Rewinding of Motors for the Petroleum
and Chemical Industry. May 1990. 1EEE STD 1068-1990. p. 23,

Specific step hy step technical 1nstru(,t10m for repairing motors, as reeommended for the petroleum and chemi-
cal industries.

~-Jenkins, Sr., J.E. “How to Perform Eleemeal Maintenance on Induction Motors.” EASA Currents, July 1990. p. 3
Gmdehnes on in situ maintenance and testmg of induction motors

Kei thly, Walter and Samuel Axe. “Unique Soluti-(:)n’m Impmving Motor Winding Life in Medium Voltage Motors.”
. IEEE Transactions on Industry Applications, May/June-1984. Vol. IA-20, No. 3. -p. 514-518.
Describes heating technique to prevem mmsture build-up in m\emuttently operatm medium voltage (over
- 1.000 volts) motors. - : :

Kryter, R C. and H.D. Haynes “H()w to Monitor Motor Driven Maehmery hy Andlyzmo Mot()r Current.” Power
" Engineering, October 1989, p. 35.

- Describes technique that dllows data for predlenve maintenance. to be obtained from the power supply of
( )perdtmcr motors.

Lawrie, RJ “How M()dern Service Firms Keep Your Motors Running Better and Longer.” EC&M, July 1992. p. 39-48.
Description of standard and innovative motor repair and testing pr()(,edures featuring several pmt'resswe shops -
throughnut the U.S. :

Lawrie, R. J. “Modem Motor Test Techniques.” EC&M, July 1992. p. 333
Description of important m(’)tor testing teehmques f()r trouble shootmo and veritication of proper repair.

LeFevre R]Lk “Predictive Mdmtenanee Surge Testing.” Plant Engmeenng, June 1987. p. 1()2 1()7
In depth deqenptmn of “Surge Testing,” wnh speuhc testing program reeommenddtmns




Lotfi, A\hmf W., and Fred C. Lee. A High Frequency M()del for Litz Wire for Switch-Mode Magnetics.” Confqr-
ence Record of the IEEE Industry Applications Society Annual Meetmg 1993, Vol. 2. p. 1169-1175.

- Discussion of insulated stranding magnet wire for apphcalmns involving high frequencies such as PWM drives.
It hds heen suggested that this wire could reduce u)pper losses in rewound m()mrs fed hy inverters.

Maassen, Erik. “Maimenance Tips for Electric Motor Bearings.” Maintenance Teclznology, November 1992 p 26- 59
“ Discussion of motor heann0 mamtenance for ()ptumzmv relmhlhty

MLCoy Gilbert, J()hnny Douglass and Todd Litman: Energy Efﬁczent Electnc Motor Selectwn Handbook 3d Ed
USDOE/BPA, January 1993. p. 51.

Summdry of u)nsulemtwns for selectmg energy ethuent motors for qpeuh(, dpph(,an()ns

M(mtgomery David. “Testing Rewmck to Avcnd Motor Emuency Degradation.” Energy Engmeermg, \' 86 N. ?
1989. p. 24-40.

Overv1ew of impacts of rewmds on motor ethuemy

Montoomery, David. “The Motor Rewind Issue A New L(x)k ” IEEE Transactwns on Industiy Applzcatwns
- September 1984, p. 1330-1335. :

Good overview of 1n1pacLs of rewmds on motor efficiency. Also dlsputes thdt motors lose efhuemy merely he-
cause or aging.. :

“Motor Winclino‘Analyzer Dete(:re Problems Early.” Power Engineering, December 1991. p. 45.
Descrlhes use ot motor winding andlyzer to predlct and prevent insulation problems hetore they occur:

Nailen, Rlbhdrd L. Electrical Appdratus, November 1994

. This journal of ele(,tmmechamcdl and electronic apph(,atmns dnd maintenance nﬁers extemlve rep()mnU on
electric motor repdlr in every issue. :

K

Nailen, Richard L. “Explosion-proof Motors Need Caretul Repaqu " EC&M, Apnl 1986 p. 30 & 36.
Discusses speuﬁc repzur requlrements for explosion proot motors.

‘Nailen, Ru,hard L Md.nagln0 Motors.” Barks Pubhcatlons, Inc., January 1991.

This book pmwdes very th()muvh coverage of elecmc motor design, eﬁluency apphcatxon mamtenance and
repalr

Nailen, Rlchard L. “Motor Insulation Resistance Varies with Temperature.” Power O(,t()her 1984. p 142
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