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EE R Sk S S S S R S o
NOTE: This gui de specification covers the

requirenents for procurenent of 3-phase vertica

induction notors for driving stormwater punps for

local flood-control punping stations. This guide

specification is to be used in the preparation of

proj ect specifications in accordance with ER

1110-2-1200 and ER 1110-1-8155

Comment s and suggestions on this guide specification

are wel come and should be directed to the proponent

of the specification. Alisting of proponents

including their organi zation desi gnati on and

t el ephone nunber, is at URL

http://ww. hnd. usace. arny. m | /techi nfo/index. ht m

and an el ectronic feedback page for subm ssion of

recommended changes is available at the sane

address. Use of electronic communication is

encour aged.

Rk Rk kI S R R Sk Sk b Sk e S S R R R R R Rk kS SRR R e S S R R Rk S e S O o kR

PART 1 GENERAL

Rk Rk kI S R R Sk Sk b Sk e S S R R R R R Rk kS SRR R e S S R R Rk S e S O o kR

NOTE: See Additional Note A

Rk Rk kI S R R Sk Sk b Sk e S S R R R R R Rk kS SRR R e S S R R Rk S e S O o kR

1.1 REFERENCES

EE R Sk o S S S R S S
NOTE: |ssue (date) of references included in

proj ect specifications need not be nore current than
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provided by the latest change (Notice) to this guide

speci fication.

EE R Sk S S S S R S o S
The publications listed below forma part of this specification to the e
extent referenced. The publications are referred to in the text by basic
desi gnation only.

AVERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS (ASTM

ASTM A 123 (1989a) Zinc (Hot D p Gal vani zed) Coatings

on Iron and Steel Products

ASTM A 153 (1982; R 1987) Zinc Coating (Hot-D p) on

Iron and Steel Hardware

ASTM B 344 (1992) Drawn or Rolled N ckel - Chrom um and

N ckel -Chromum Iron Alloys for Electrical

Heating El enents

AVERI CAN BEARI NG MANUFACTURERS ASSCCI ATI ON ( AFBMVAR)

AFBMA 9 (1990) Load Ratings and Fatigue Life for

Bal | Bearings

AFBMA 11 (1990) Load Ratings and Fatigue Life for

Rol | er Beari ngs

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENG NEERS (| EEE)

| EEE Std 85 (1973; R 1986) Airborne Sound Measurenents

on Rotating El ectric Machinery

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMR)

NEMA MG 1 (1987; Rev 1) Mdtors and CGenerators

NEMA WC 7 (1988; Rev 1) Cross-Linked-Thernosetting-

Pol yet hyl ene- 1 nsul ated Wre and Cabl e for

the Transm ssion and Distribution of

El ectrical Energy

1.2 GENERAL REQUI REMENTS

1.2.1 Corrosion Prevention and Finish Painting

The equi prrent provi ded under these specifications will be subjected to
severe noi sture conditions and shall be designed to render it resistant to
corrosion fromsuch exposure. The general requirenents to be followed to
mtigate corrosion are specified below Any additional special treatnent
or requirenent considered necessary for any individual itens is specified
under the respective item However, other corrosion-resisting treatnments
that are the equival ent of those specified herein may, with the approval of
the Contracting Oficer, be used.

1.2.1.1 Fastenings and Fittings

Where practicable, all screws, bolts, nuts, pins, studs, springs, washers,
and other simlar fittings shall be of corrosion-resisting material or
SECTI ON 16221 Page 4
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shall be treated in an approved nanner to render themresistant to

corrosi on.

1.2.1.2 Corrosion-Resisting Materials

Corrosion-resisting steel, copper, brass, bronze, copper-nickel, and

ni ckel -copper alloys are acceptabl e corrosion-resisting naterial s.

1.2.1.3 Corrosion-Resisting Treatnments

Hot -di p gal vani zing shall be in accordance with ASTM A 123 or ASTM A 153 as
applicable. her corrosion-resisting treatnents nay be used if approved
by the Contracting Oficer.

1.2.1.4 Frames

Motor franes, end bells, covers, conduit boxes, and any other parts, if of
steel, and if they will be coated during the process of insulating the

wi ndi ngs, shall be cleaned of rust, grease, mllscale, and dirt, and then
treated and rinsed per nanufacturer's standard process. If any of the
above-listed parts are not coated during the process of insulating the

wi ndi ngs then, in addition to the above, they shall be given one coat of
primer and then two coats of manufacturer's standard noi sture-resistant
coating, processed as required

1.2.1.5 Cores

The assenbl ed notor core shall be thoroughly cleaned and then i medi ately
primed by applying a mninumof two coats of a nobisture-resisting and
oil-resisting insulating conpound. Air gap surfaces shall be given a

m ni mum of one coat.

1.2.1.6 Shafts

Exposed surfaces of notor shafts shall be cleaned of rust, grease, and dirt
and, except for bearing surfaces, given one coat of a zinc nol ybdate or
equi valent priner and two coats of a noisture-proof coating, each cured as
required. Shafts of a corrosion-resisting steel nmay be used in lieu of the
above treat nent

1.2.1.7 Finish Painting

EE R Sk S S S S S R o S S
NOTE: |f severely noist conditions exist, a

separate paint system shoul d be specified using

Gvil Wrks Quide Specification CEGS 09965 PAI NTI NG

HYDRAULI C STRUCTURES, system 21, epoxy finish or

equi val ent. Wien such painting is specified, care

must be taken to specify a paint that will adhere to

and not be injurious to the protective painting

provi ded under these specifications.

EE R Sk o S S S R S S
Fi ni sh painting of all equipnent shall be in accordance with the standard
practice or recommendati on of the nmanufacturer, as approved by the
Contracting Oficer.

1.2.2 Nanepl ates

SECTI ON 16221 Page 5
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Namepl ate data shall include rated voltage, rated full-load anperes, rated
hor sepower, service factor, nunber of phases, RPM at rated | oad, frequency,
code letter, |ocked-rotor anperes, duty rating, insulation system

desi gnati on, and naxi mum anbi ent desi gn tenperature.

1. 3 SYSTEM DESCRI PTI ON

The work under this section includes providing all |abor, equipnent, and
material and performng all operations required to design, manufacture,
assenbl e, test, and package and deliver the vertical induction notors for
driving punps specified under Section 15131 VERTI CAL PUWPS: AXI AL- FLOW AND
M XED- FLOW | MPELLER TYPE. These notors shall be supplied conplete with all
accessories, spare parts, tools, and manufacturer's data and instructions
as specified herein.

1.4 SUBM TTALS

EE R Sk S S S S R S o
NOTE: Submittals nust be limted to those necessary

for adequate quality control. The inportance of an

itemin the project should be one of the prinary

factors in determning if a submttal for an item

shoul d be required.

Indicate submttal classification in the blank space

followi ng the nanme of the itemrequiring the

submittal by using "G' when the submittal requires

Governnent approval. Subnmittals not classified as

"G'" will show on the subnmittal register as

"Information Only". For submttals requiring

Governnent approval, a code of up to three

characters should be used following the "G

designation to indicate the approving authority;

codes of "RE' for Resident Engi neer approval, "ED'

for Engi neering approval, and "AE' for

Archi tect - Engi neer approval are reconmmended.

EE R Sk S S S S S R o S S
Governnent approval is required for submttals with a "G' desi gnati on;
submittals not having a "G' designation are for information only. Wen
used, a designation following the "G' designation identifies the office
that will reviewthe submttal for the Governnment. The followi ng shall be
submtted in accordance with Section 01330 SUBM TTAL PROCEDURES:

SD-01 Data

I nsul ated Wndings; G

A detail ed description of and specification for the nanufacturing process
and the materials and the insulating varni sh or conmpound used in insulating
the wi ndings shall be submitted to the Contracting Oficer for approval
bef ore nanufacture of the notors is commenced. If, in the opinion of the
Contracting Oficer, the insulation proposed is not of the quality
specified and if the nethods of nanufacture are not considered to be in
accordance with best nodern practice, the nmotors will not be accepted.
SECTI ON 16221 Page 6
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Duty Cycle; G

An analysis to verify that the notor, when operated in accordance with the
duty cycle specified, will not undergo injurious tenperature rise. If the
duty cycle cannot be nmet with a standard NEMA design notor, the notor
manuf acturer shall provide a description of proposed nodifications to
provi de such conpliance

Mot or Desi gn Curves

EE R Sk S I S
NOTE: See additional Note K Use final sentence

only when the punp and notor are furnished under the

same procur enent

R Sk S S R R S S
[Six] [ ] copies of notor design (characteristic) curves or tabul ated
data (test or calculated), indicating the speed, power factor, efficiency,
current, and kilowatt input, all plotted or tabul ated agai nst torque or
percent | oad as absci ssa. The base val ue shall be gi ven whether ANSI or

| EEE standard systemis used. The maxi num al | owabl e reverse rotati on speed
for the notor shall also be provided.

[Six] [ ] copies of [punp and] notor speed-torque curves for the punp
starting operation. The notor speed-torque curves shall be plotted for the
follow ng values of voltage at the notor termnals: The output of the
[closed transition auto-transforner-type reduced voltage] [ ] starter
supplied at rated and 90 percent of rated notor voltage [and connected on
its 65 percent and 80 percent taps]. [The punp torque curve shall be
plotted for starting and accel erating agai nst naxi mrum head. Conputati ons
shal | be furnished to denonstrate that the notor furnished will carry the
punp | oad under all the foregoing conditions.]

Motors; G

[Six] [ ] copies of conplete descriptive specification of each type and
size notor provided, with necessary cuts, photographs, and drawi ngs to
clearly indicate the construction of the nmotor, the naterials and
treatnents used to prevent corrosion of parts, bearing construction, and
type of insulation used on all windings. Submttal shall include al
information required for selection of protective and control equipnment and
for operational setting, such as, but not limted to, normal and naxi mum
operation tenperature for wi ndings and bearings, overload trip setting for
notor at punp naxi mum head condition and starting tines for starting at
rated and 90 percent starter voltage. Contracting Oficer's approval shal
be obtained in witing prior to the commencenent of nanufacture of notors.
Governnent Study Design Data; [_].

[Six][ ] copies of the following data will be supplied to the
Governnent for conpletion of its Mdtor Torque and Accelerating Time Studies
(MTATS) :

a. Conplete equivalent circuit data referred to the stator with

friction, windage, and stray |oad | osses.

b. CQurrent, power factor, and torque versus speed (0-100 percent,
inclusive, in 1 percent increnents up to 95 percent and in 0.1 percent
increnents above 95 percent) and | oad (0-125 percent, inclusive, in 25
SECTI ON 16221 Page 7
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percent increnents) as a function of |ine voltage (from80 percent to

110 percent, inclusive, in 5 percent increnments), for rated and 90
percent of rated voltage at starter. Only tabulated data will be

required

c. Load inertia, W2 of notor rotating parts, pound-foot2

EE R Sk S I S o S
NOTE: Itemd nmay be used only when the punp and

not or are furnished under the same procurenent.

EE R Sk I S S
[d. Load inertia, W2 of punp rotating parts (wet), pound-foot2.]

Spare Parts List; [_].

[Six] [ ] copies of a conplete list of renewal parts with prices for
each different rating of notor. This |ist shall acconpany the instruction
manual

SD- 04 Dr awi ngs

Motors; G

[Six] [ ] copi es of equi pnrent foundation di nension outline draw ngs
with wei ghts, nanepl ate data, and details showi ng nmethod of nounting and
anchoring the notor. Contracting Officer's approval shall be obtained in
witing prior to the commencenent of nanufacture of notors.

SD- 09 Reports

Starting Capabilities

[Six] [ ] copies of certified test reports, when available, of tests
previously perforned on notors of each type and size specified or

calcul ated data to substantiate the notor's capability to conformto the
requi renents of paragraph STARTI NG CAPABI LI Tl ES

Factory Tests.

[Six] [ ] copies of test reports recording all data obtained during the
tests specified in paragraph FACTORY TESTS shall be provided to the
Contracting Oficer for each notor used. Test reports shall include

performance curves indicating the results of paragraph COWLETE TEST as
foll ows. The base val ue shall be given whether ANSI or | EEE standard
systemis used

a. Excitation Tests. Volts as abscissa versus anperes and watts as
or di nat es.

b. Inpedance Tests. Volts as absci ssa versus anperes and watts as

or di nat es.

c. Performance Test. Torque or percent |oad as absci ssa versus
efficiency, power factor, anperes, watts, and RPM or percent slip as
or di nat es.

d. Speed-Torque Test. Torque in foot-pounds as absci ssa versus speed
in RPM as ordinate.

SECTI ON 16221 Page 8
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e. Insulation Resistance-Tenperature Test. Test result val ues shal

be plotted on senmilogarithm c graphs, the insulation resistance val ues
as logarithmc ordinates and the tenperature values as uniform

absci ssas. For conparison purposes, a curve indicating the safe
operating value of insulation resistance shall be plotted on the sane
sheet with the insulation resistance-tenperature test curve.

SD- 13 Certificates

Power Factor and Efficiency; [_].

Rk R R kS S S R R Sk S b e e R R R R R ok kR R o R R Rk kS R R ok

NOTE: See Additional Note M

R Sk S S S S I
Certification of guaranteed val ue of power factor and efficiency for ful
load, 3/4 full load, and 1/2 full I oad

Factory Tests; [_].

[Six] [ ] certified copies of the results of a "Conplete Test" for
duplicate equipnent will be accepted in lieu of the "Conplete Test" as
specified in the paragraph FACTORY TESTS, subparagraph COWPLETE TEST, for
equi pnrent of the respective rating and type. No substitute will be
accepted for the "Check Test."

SD-19 Qperati on and Mai nt enance Manual s

I nstruction Manual s.

[Six] [ ] copies of conplete instructions for the proper installation
i nspection, and nai ntenance of the nachines provided for this particular
service. Instruction nanuals shall be subnmitted to the Contracting Oficer
not later than the date the equi pnent is shipped fromthe manufacturer's
plant. The instructions shall include a cross-sectional draw ng indicating
the nmaj or conponent parts of the notor and the procedure for disassenbly.
PART 2 PRODUCTS

2.1 MOTORS

Rk R Rk S S R R Sk S bk e S S R R R R R IR R ok kS S S R R R S R R Rk e S O R R Ok

NOTE: See Additional Note J.

EE R Sk S S S S S R o S S
The notors to be supplied under these specifications shall be of the
vertical shaft type as required by the punp manufacturer, nornal or |ow
starting torque, low starting current, squirrel-cage induction type,
designed for full voltage starting, of drip-proof construction, and shall
conformto the applicable requirenents of NEMA M5 1, except as hereinafter
speci fi ed.

2.1.1 Rating

Rk R Rk S R R Sk Sk bk e S S S R R R R R R Rk kS R SRR Rk kS S R R Rk e S O o kS R

NOTE: See Additional Note C

Rk R Rk S R R Sk Sk bk e S S S R R R R R R Rk kS R SRR Rk kS S R R Rk e S O o kS R

SECTI ON 16221 Page 9
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Each nmotor shall be wound for 3-phase, 60-Hz, alternating current, and for
the respective operating voltage |isted bel ow

PLANT PUWP SERVI CE MOTOR OPERATI NG VOLTAGE

[ 1 [ 1 [ 1 [ ]

[ 1 [ 1 [ 1 [ ]

The notor shall be designed for operation in a 40 degrees C anbi ent
tenperature and all tenperature rises shall be above this anbient
tenperature. The rated horsepower of the notor shall be not less than 110
percent of the determ ned naxi nrum | oad requirenent of the punp. Mtors
shall have a service factor of 1.0 or shall be applied using a service
factor of 1.0 if standard service factor is greater than 1.0. The
tenperature rise above the anbient tenperature for continuous rated
full-1oad conditions and for the class of insulation used shall not exceed
the values given in NEMA M5 1, paragraph 12.42 or paragraph 20.40

2.1.2 Qperating Characteristics

2.1.2.1 Torques

Rk R Rk S S R R Sk S b ke S S R R R R R R R ok kS S R R R R e S S Sk O R R R R o ok

NOTE: The "Operating Characteristics" specified are

tolimt the |ocked-rotor current to a val ue

sufficiently lowto permt full-voltage starting

Manuf acturer's standard is to linit |ocked-rotor

current to 600 percent of design full-load current.

However, if local conditions are such that |ower

starting current is desirable, the |ocked-rotor

current may be specified not to exceed 500 percent

of the design full-load current. Wen 500 percent

is specified, the breakdown torque of 150 percent of

full-load torque will be used. The designer shall

note that these percentages are for design full-I|oad

current at rated power factor and will vary based on

actual load and supply conditions. Designer should

consult local utility for actual requirenents for

limtations on inrush currents. Wen inrush current

cannot be sufficiently limted by notor design, a

reduced voltage starter will be used. See

additional Note L.

EE R Sk S kR S S S
Starting torque shall be sufficient to start the pump to which the notor
wi Il be connected under the nmaxi mum conditions specified, but in no case

shall the starting torque be |ess than 60 percent of full-load torque
Breakdown torque shall be not |ess than [200] [150] percent of full-Ioad
tor que

2.1.2.2 Locked-Rotor Current

EE R R I I I R I I I S I I R I R R R I R S R S S I I I R R R R R R R S I R I I R R R R R S S S
NOTE: The | ocked-rotor current will increase with a

power factor or lower than rated |oad. This

information shall be taken into account when the

SECTI ON 16221 Page 10
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desi gner is specifying the notor. Wen inrush

current is particularly critical, due to system

limtations on voltage dip or current, the designer

shall obtain limts fromthe local utility and

supply this information in this paragraph. The

requirenents for |ocked-rotor current (inrush) shal

be coordinated with power factor and efficiency

requirenents of for power factor efficiency

speci fi ed bel ow.

EE R Sk I S S
The | ocked-rotor current shall not exceed [600] [500] percent of nornal
full-load running current. [The | ocked-rotor current shall not exceed

[ anps at 90 percent of rated voltage during any point in the
starting cycle under worst case starting conditions. For reduced voltage
starting, the above criteria shall apply to supply side of the starter.]
2.1.2.3 Starting Capabilities

EE R Sk S S S S R S o
NOTE: Frequency of starting nust always be

considered in notor applications. The starting

capabilities to be nmet by all notors are set forth

bel ow. However, the actual motor duty cycle shoul d

be specified in paragraph DUTY CYCLE, along with the

requirenent for the special motor starting

narepl ate. Undoubtedly, these starting capabilities

wi Il be adequate in nost cases since the actual |oad

inertia, WK2 of the punps is nmuch | ess than the NEMA

values, the load torque is |low, and the frequency of

starting (nunber of starts per unit of tine) is |ow

When the frequency of starting is several tinmes per

hour, or the load torque is high, a thorough study

and perhaps a nodified notor nay be required. To

ensure that all requirenents of the specifications

are net, submttal of the operating data should be

required. It is possible that with higher starting

frequencies the rotor may have to operate at

t enper atures higher than typical, so that

nodi fi cations would be required

See Additional Note C

EE R Sk R S o S
Large notors, on the basis of the |oad torque characteristics and the |oad
inertia W2 listed in NEMA M5 1, paragraphs 20.41 and 20.42, shall as a

m ni mum be capabl e of making the starts required in NEMA M5 1, paragraph
20.43. Smaller notors shall conformto the requirements in NEVA M5 1,

par agraph 12.50

2.1.2.4 Duty Cycle

Each notor, when operating at rated voltage and frequency and on the basis
of the connected punp load inertia W2 and the speed-torque characteristics
of the load during starting conditions as furnished by the punp

manuf acturer, shall be capable of perform ng on a continuous basis the
SECTI ON 16221 Page 11



CEGS
follow ng notor duty cycle without injurious tenperature rise: [operation

at rated |l oad over a period of approxi mately [ ] [hours] [days]] [a
running period at rated |oad of not |ess than | ] [mnutes] [hours] and
a standstill period of not |ess than | ] [mnutes] [hours].] A

starting informati on naneplate setting forth the starting capabilities
shal | be provided on each nmotor. This naneplate shall also include the
mnimumtinme at standstill and the minimumrunning tine prior to an
additional start.

2.1.2.5 Bal ance

The bal ance for each notor when neasured in accordance with NEMA MG 1
paragraph 12.06 or paragraph 20.53, shall not exceed the val ues specified
Each nmotor's characteristics shall be such that the provisions of Section
15131 paragraph [" "] are net.

2.1.2.6 Noise

EE R Sk S S S S R S o
NOTE: The Departnment of Defense (DCOD) considers

hazar dous noi se exposure of personnel as equival ent

to 85 decibels or greater A-weighted sound pressure

level (dBA) for 8 hours in any one 24-hour period

On the assunption that punping plant operating

personnel may be exposed to noise | evel s approaching

or exceedi ng that defined by the DOD as hazar dous,

the notor noise limt should be specified not to

exceed 85 dBA. The additional cost of providing

notors neeting this requirenent should be

i nvestigated and wei ghed agai nst an alternate of

providing a roomto isolate these personnel fromthe

noi se exposure

EE R Sk S S S R S o S
Al nmotors shall operate at a noise |level |ess than 85 deci bel s A-wei ghted
nmean sound pressure |evel (dBA). Noise shall be determ ned in accordance
with EEE Std 85. The specified noise limt applies for a reference

di stance of one neter for free-field conditions.

2.1.2.7 Power Factor and Efficiency

EE R Sk S kR S S S
NOTE: List power factor and efficiency for each

size. See Additional Note M

EE R Sk R S o S
The power factor and efficiency at full load, 3/4 full load, and 1/2 ful

| oad shall be not less than | 1, [ 1, [ ] and [ 1, [ ],
[ , respectively. Modtors will be rejected if factory tests specified
i n paragraph FACTORY TESTS do not denonstrate that these values will be net
or exceeded.

2.1.3 Franes and Brackets

Franes and end brackets shall be of cast iron, cast steel, or welded steel
The nounting ring, unless otherw se approved, shall be built integral with
the frame or |ower end bracket and arranged for direct nounting on the
SECTI ON 16221 Page 12




CEGS

punp, or station floor, or as required by the installation conditions
Treat nent agai nst corrosion shall be as specified in paragraph GENERAL
REQUI REMENTS.

2.1.3.1 Stator Frame

The stator frane shall be rigid and sufficiently strong to support the

wei ght of the upper bearing bracket |oad, the weight of the stator core and
wi ndi ngs, and to sustain the operating torques without perceptible
distortion. The stator frane, if not direct nounted on the punp, shall be
supported on a notor base or drive pedestal which in turn will be supported
on sole plates or other suitable structure installed in the concrete
foundati on constructed as part of the punping station structure. The notor
base or drive pedestal shall be provided with bolts and dowels for
fastening to the sole plates or supporting structure for preserving the

al i gnnent .

2.1.3.2 Supporting Bracket

The upper bracket supporting the thrust bearing and upper guide bearings
shal | have sufficient strength and rigidity to support the weight of the
entire rotating el ement of the notor, together with the punp inpeller and
shaft, and the hydraulic thrust of the punp inpeller

2.1.3.3 [Overspeed

EE R Sk o S R S S
NOTE: NEMA M5 1 paragraphs 12.48 and 20. 44 specify

that overspeeds are for energencies |asting no

I onger than one minute. Using this option wll

insure additional costs due to requirenents well

beyond standard limts

R Sk o R S S R S S S
Each nmotor shall be designed to withstand indefinitely, without injury, the
maxi mum over speed to which the notor will be subjected when the punp to
which it is connected is acting as a hydraulic turbine under the nmaxi mum
head with the punp di scharge pi pe open.]

2.1.3.3 [Antireverse Device

A sel f-actuated backstop device or antireversing ratchet, to prevent
reverse rotation of the punp due to |l oss of power or failure of the
electric prime nover, shall be installed as an integral part of the notor
The design of the device shall be submtted to and approved by the
Contracting Oficer. It shall have sufficient capacity to prevent reverse
rotation with a back-flow through the punp due to a [ ] foot
differential head. If the device requires a lubrication system an oi
reservoir independent of the one used for the thrust bearing and conplete
with visible oil |level gauge and 120-volt a.c. rated high and | ow | eve
contacts shall be provided. Al electrical |eads shall be terminated in
the accessory term nal box specified in paragraph MOTOR TERM NALS AND
BOXES. The lubricant for the antireverse device shall contain a corrosion
i nhi bitor whose type and grade shall be shown on a special naneplate
attached to the frame adjacent to the lubricating filling device.]

2.1.3.4 Eyebolts

Eyebol ts, lugs, or other approved neans shall be provided for assenbling
SECTI ON 16221 Page 13
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di smantling, and renoving the notor, if required, from above using an

overhead crane. Al lifting devices required for use in conjunction with
the crane shall be provided with the notor
2.1.4 Cores

The cores for the stators and rotors shall be built up of separately
punched thin | am nations of |ow hysteresis |oss, nonaging, anneal ed,
electrical silicon steel, assenbled under heavy pressure, and clanped in
such a manner as to insure that the assenbled core is tight at the top of
the teeth of the lam nated core. Lam nations shall be properly insul ated
fromeach other. Only lamnations free fromburrs shall be used, and care
shall be taken to renove all burrs or projecting |lamnations fromthe slots
of the assenbl ed cores. Cores shall be keyed, dovetailed, or otherw se
secured to the shaft or frame in an approved manner. Treatnent agai nst
corrosion shall be as specified in paragraph GENERAL REQUI REMENTS

2.1.5 I nsul ated Wndi ngs

Al nmotors shall have a nonhygroscopic, seal ed, fungus-resisting insulation
of a type designed and constructed to withstand severe noisture

conditions, and insofar as practicable, to operate after |ong periods of

i dl eness wi thout previous drying out. Al wi ndings and connections shal

be of the sealed type as defined in NEMA MG 1 paragraph 1.27.2. Insul ated
wi ndi ngs, unl ess otherw se approved, shall be conpletely assenbled in the
notor core before inpregnating with the insulating conpound. The conpound
shal | consist of 100 percent solid resin. Inpregnation of the wi ndings

with the insulating conpound shall be by vacuum i npregnation nethod

foll owed by baking. The procedure shall be repeated as often as necessary
to fill in and seal over the interstices of the winding, but in no case
shal | the nunber of dips and bakes be | ess than two di ps and bakes when the
vacuum et hod of inpregnation is used. Insulation to ground shall be
processed on the coil. The conpleted stator shall be of a type that is
capabl e of passing the subnerged or sprayed water test, as applicable
required by NEMA M5 1 paragraph 20. 49

2.1.5.1 Random Wund Machi nes

Rk R Rk S S R R Sk Sk bk e S R R R R R R R R ok kS S R R R R R Rk S e S S R R Ok S

NOTE: See Additional Note K

EE R Sk S kR S S S
Random wound coils nay be used on notors supplied in NEMA frane size 445 TP
and snall er. The conponents of the insulation systemand the conductor
insulation of the coils shall be Jass F insulation with a 110 percent

conti nuous overload factor as defined in NEMA M5 1 paragraph 1.66. After

wi ndi ng, the conpletely wound stator shall be encapsulated with an
insulating resin as defined in NEMA M5 1 paragraph 1.27. 1.

2.1.5.2 Form Wund Machi nes

Rk R Rk S S R R Sk Sk bk e S S R R R R R R Rk kS SRR R b e S S R R Rk e S O o

NOTE: See Additional Note K

EE R Sk S R S S
Form wound coils shall be used on notors supplied in NEVMA franes | arger
than 445 TP. The conponents of the insulation systemand the coi

insulation of the rectangul ar conductors shall conformto Cass F
insulation with a 110 percent continuous overload factor as defined in NEVA
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MG 1, paragraph 1.66. The conpl eted stator w ndings and connections shall
be of the sealed type as defined in NEMA MG lparagraph 1.27.2. Insulation

to ground shall be processed on the coil. Slot tubes or cells are not
acceptabl e. The insulation shall be of adequate thickness and breakdown
strength throughout the length of the coil. Mca shall be used in the slot

portion and shall be of adequate thickness to withstand the dielectric
tests specified in paragraph FACTORY TESTS. Formwound coils shall be of
such uniformty that the stator wi ndings on notors of equal ratings shall
be alike, in shape and size, and be interchangeabl e.

2.1.5.3 Bracing

Coils of all windings shall be fully braced so that vibration is virtually
elimnated during repeated starts as required by the duty cycle specified
as well as during nornmal operation. If a tied systemis used it shall be
such that no tie depends upon the integrity of any other tie within the
system

2.1.6 Thernal Protection

For notors rated 500 hp or greater, resistance tenperature detectors (two
per phase) shall be provided in accordance with NEMA MG 1, paragraph 20.63.
Detectors shall have a copper resistance el ement having a resistance of 10
ohnms at 25 degrees C. Leads shall be term nated on the term nal bl ocks
specified in paragraph MOTOR TERM NALS AND BOXES. For notors rated | ess
than 500 hp, positive-tenperature-coefficient therm stors (one per phase)
shal | be enbedded in the wi ndings. The thermstors with all necessary

addi tional equipnent, as required, shall open a normally closed contact
when the critical tenperature is reached. Al outgoing wiring shall
termnate on the termnal bl ocks specified in paragraph MOTOR TERM NALS AND
BOXES.

2.1.7 [Wnding Heaters

EE R Sk S S S R S o S
NOTE: The inclusion or om ssion of "Wnding Space

Heaters" will depend upon the decision reached after

gi ving due consideration to the probl em of

prevention of noisture condensation on the station

equi prent. |f winding space heaters are not

required, this paragraph, including all

subpar agr aphs, shall be del et ed.

EE R Sk S kR S S S
Heaters shall be wapped around the wi nding end turns. They shall be

desi gnated for operation on 120 volts, 1-phase, 60 Hz, alternating current
and of sufficient capacity or wattage that, when energized, they will hold
the tenperature of the notor wi ndings approxi nately 10 degrees C above the
anbi ent tenperature. They shall be designed for continuous operation and
to withstand at |east 10 percent overvoltage continuously. The rate of
heat di ssipation shall be uniformthroughout the effective Il ength of the
heater. Heaters installed around the wi nding end turns shall consist of
the required turns of heating cable wapped around the end turns and
secured in place before the winding is inpregnated.

2.1.7.1 Heating El enent

Heating el ement shall conformto the requirenents of ASTM B 344 for an 80
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percent nickel and 20 percent chrom um all oy.

2.1.7.2 Sheath

Sheath shall be of a corrosion-resisting, nonoxidizing netal and shall have
a wall thickness not |ess than 0.025 inch.

2.1.7.3 Insul ation

Insul ation shall be a granular mneral refractory material, highly
resistant to heat, and shall have a m ni mum specific resistance of 1,000
megohns per inch cubed at 1,000 degrees F. Insulation for the heating
cabl e (wi nding waparound type) type heaters shall be suitable for a
conductor tenperature of 180 degrees C

2.1.7.4 Terninal s

Terminal s of the heater, including the |eads, shall be watertight and shall
be provided with | eads suitable for naki ng connections to the drip-proof
term nal box provided in paragraph MOTOR TERM NALS AND BOXES. [ The

term nal box shall be readily accessible through the crating so that

wi ndi ng heaters can be energized while notors are in storage.]

2.1.8 Shafts

Rk R Rk S S R R Sk S b ke S S R R R R R R R ok kS S R R R R e S S Sk O R R R R o ok

NOTE: See Additional Note |

EE R Sk S S S o R S S
Shafts shall be nade of high grade steel, finished all over, and of anple
size to drive the punps under naxi mum | oad conditions. Shafts shall be of
[hollow] [solid] types as required by the punp nanufacturer. See paragraph
GENERAL REQUI REMENTS for treatnent against corrosion

2.1.9 Bearings

2.1.9.1 Loading

Bearings shall be capable of withstanding all stresses incidental to the
normal operation of the unit [and the maxi mum speed of the punping unit
when operating in the reverse direction].

2.1.9.2 Thrust Bearings

EE R Sk S S S S S R o S S
NOTE: If the thrust requirenents exceed the standard

publi shed ratings of comercially avail able

anti-friction thrust bearings, plate-type bearings

shoul d be used. Should this condition exist, a

specification for plate-type bearings may be

obt ai ned from CDR USACE ( DAEN- CWE- E) WASH DC 20314

EE R Sk R S o S
Thrust bearings shall be of the antifriction type of either the ball or
roller type. Tandem or series bearing assenblies shall not be used.
Antifriction bearings shall conformto the requirenents of AFBMA 9 an d
AFBMA 11.
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2.1.9.3 Quide Bearings

Qui de bearings shall be of the sleeve or antifriction type of either the
ball or roller type or a conbination of sleeve and antifriction bearings.
2.1.9.4 Lubrication

Bearings shall be either oil or grease lubricated and the |ubricant used
shall contain a corrosion inhibitor. Type and grade of |ubricant used
shal | be shown on a special nanepl ate which shall be attached to the frame

of the notor adjacent to the bearing lubricant filling device. In addition
to the quantity of lubricant required to fill the systeminitially, spare
lubricant shall be provided in sufficient quantity to purge and refill the
system

2.1.9.5 Housi ngs

Beari ng housi ngs shall be of a design and nmethod of assenbly that will
permt ready renoval of the bearings, prevent escape of |ubricant and
entrance of foreign matter, and protected by the lubricant when the notor
is idle. Except for prelubricated antifriction bearings of an approved
type, suitable nmeans shall be provided to apply and drain the |ubricant.

Q| -lubricated bearing housings shall be provided with oil-Ilevel indicator
gauges that will be readily visible.

2.1.9.6 Cooling

Al bearings shall be self-cooling unless otherw se specifically approved
by the Contracting Oficer. If the use of cooling is approved, the nmeans
enpl oyed shall, unless otherw se approved by the Contracting Oficer,
require no auxiliary punping equi pnent; and suitable neans shall be
provided to indicate the bearing tenperature, actuate an al arm when the
bearing tenperature is above normal, and actuate a device to shut down the
not or when the naxi mum safe operating tenperature of the bearing is
reached. Cooling coils shall be of copper tubing and designed for the
operating pressure used to circulate the cooling water. Cooling water
tenperature will be [ ] degrees C

2.1.9.7 Rating

Antifriction bearings shall be rated on the basis of a mnimumlife factor
of 8,800 hours, based on the life expectancy of 90 percent of the group
unl ess ot herw se approved by the Contracting O ficer.

2.1.9.8 shaft Currents

Bearings shall be insulated or otherw se protected agai nst the danagi ng
effects of shaft currents.

2.2 SURGE PROTECTI ON

2.2.1 Surge Capacitors

EE R Sk o S S S R S S
NOTE: To obtain the nost reliable protection for

2,300- and 4,000-volt notors, surge capacitors and

arresters, nounted at the notor termnals, should be

specified. In addition, it is recommended that

station-type arresters be installed on the line side
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of the supply transformers. For 480-volt systens,

surge protection is not generally warranted if the

station systemis connected to the utility line

through a transforner which has adequate surge

protection on the high side. Each 480-volt

installation should be investigated, however, to

det erm ne whether surge protection is required

especi al |y where excessive swi tching voltages nay

occur or where the lightning incidence rate is high

EE R Sk I S S
A three-pole capacitor unit, equipped with built-in discharge resistors and
usi ng a non-pol ychl ori nated bi phenyl (PCB) insulating nedium shall be
provided in the nain termnal box. Each pole shall be rated [0.5

m crofarad and [2,400] [4,160] volts line-to-line] [1.0 mcrofarad and 650
volts line-to-line]. Renovable bus |inks shall be provided for notor
testing. These links shall be treated to resist corrosion, shall be
designed to maintain a positive contact, and shall have | ow contact
resi st ance.

2.2.2 Surge Arresters

EE R Sk S S S o R S S
NOTE: Arrester maxi num conti nuous operating voltage

(MCOV) rating shall be 3,000 volts |ine-to-ground

for 2,400-volt systens and for effectively grounded

4,160-volt systens, 4,500 volts |ine-to-ground

operating voltage for ungrounded or

resi st ance- grounded 4, 160-volt systens, or other

ratings as required. An effectively grounded system

is defined as one in which X0/ X1 is positive and

Il ess than 3 and RO/ X1 nmust be positive and | ess than

1 for all systemconditions at the point of

application of the surge arrestor.

EE R Sk S S S S S R o S S
Surge arresters of the station type with porcelain tops shall be provided
in the nmain termnal box. The arresters shall be of the netal -oxide type
rated [3,000] [4,500] [ ] volts maxi num conti nuous operating voltage
(MCOV) line-to-ground. Renovable bus links shall be provided for notor
testing. These links shall be treated to resist corrosion, shall be
designed to maintain a positive contact, and shall have | ow contact

resi stance.

2.2.3 Space Heater

If recormended by the surge protection manufacturer, a space heater of
adequat e capacity and rated 120 volts shall be provi ded. Space heaters
shall have a nmaxi numwatt density of 20 watts per square inch

2.3 MOTOR TERM NALS AND BOXES

2.3.1 Stator Term nal Box

Dri p-proof cast iron or steel conduit term nal boxes, treated as specified
for frames in paragraph GENERAL REQUI REMENTS, shall be supplied for housing
the stator |ead connections [surge capacitors] [and surge arresters] and
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shal | have adequate space to facilitate the installation and nai ntenance of
cabl es and equi pnent. Boxes shall have a [bolted] [hinged securable] cover
providing unrestricted access, be nounted on the notor frame, and shal
have an auxiliary floor supporting structure, when required, supplied by
the nmotor manufacturer. Conduit entrance shall be fromthe bottom The
boxes shall be designed to permt renoval of notor supply |eads when the
nmotor is renoved. [A "H GH VOLTACE - | ] VOLTS' warning sign shall be
provi ded on the cover of the box.] [Wen | ooking down on the notor/punp
assenbly, the termnal box shall be |ocated between degrees and degrees

cl ockwi se fromthe di scharge el bow of the punp.]

2.3.2 Stator Termnals

Insulated termnal |eads shall receive a treatnent equal to that of the
not or wi ndi ng. Leads shall be brought out of the stator frame and shall be
provided with termnal lugs for connection to the nmotor supply wiring
2.3.3 Gounding

A ground bus and nmeans for external connection to the station grounding
systemshall be provided in the stator term nal box when surge protection
is provided.

2.3.4 Accessory Leads and Boxes

Terminal |eads for nmotor w nding space heaters, [surge protection equi pnent
space heater], [resistance tenperature detectors] [therm stors] and any

ot her auxiliary equi prent shall be brought into conveniently |ocated

term nal boxes provided with term nal blocks for extension by others. The
term nal boxes shall be drip-proof and treated as specified for franes in
par agr aph GENERAL REQUI REMENTS. All auxiliary wiring shall be stranded
copper conductors with 600-volt flane-retardant insulation conformng to
NEMA WC 7, except tenperature detector |eads nmay be in accordance wit h the
manuf acturer's standard practice. All wiring and term nals shall be
properly identified.

2.4 WRENCHES, TOCOLS, AND SPECI AL EQUI PMENT

The Contractor shall provide all nonstandard and speci al equi pnent required
for dismantling, reassenbly, and general maintenance of the nmbtor units.
The Contractor shall also provide one conplete set of lifting attachnents
such as detachabl e eyebolts or special slings for handling various parts
with a hoist.

2.5 FACTORY TESTS

EE R Sk S kR S S S
NOTE: The desi gner shoul d carefully consi der whether

to allow the Contracting Oficer to waive these

tests. Decision should be based on expertise in the

field within the Division or District.

EE R Sk o S S S R S S
One notor of each rating type, selected at random by the Contracting
Oficer, shall be given a conplete test. The renmi nder of the notors shal
be given a check test. Al conplete tests shall be witnessed by the
Contracting Oficer [unless waived in witing by him]

2.5.1 Conpl ete Test
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A conplete test of a notor shall include the follow ng:

a. Excitation Test.

b. I npedance Test.

c. Performance and Speed- Torque Test. (Prony brake or other

equi val ent net hod.)

d. Tenperature Test. Made on conpl etion of paragraph ¢ above. (If
screens are provi ded over openings, test will be nade with screens
renmoved and by thernoneter).

e. Insulation Resistance-Tenperature Test. Shall be taken foll owi ng
heat run, readings being taken at approxi mately 10 degrees C intervals.
Tenperature shall be determ ned by the resistance nethod.

f. Cold and Hot Resistance Measuremnent.

g. Delectric Test.

h. Sound Level Test. In accordance with | EEE Std 85.

i. Vibration Measurenent. In accordance with NEMA MG 1 paragraph

20.54

j. Conformance Tests. In accordance with NEMA M5 1 paragraph 20. 47.
2.5.2 Check Test

A check test of a notor shall include the foll ow ng:

a. Routine test per NEMA MG 1 paragraph 12.51 or NEMA MG 1 paragraph
20. 47

b. Col d resistance neasurenent.

c. Insulation resistance and wi nding tenperature at tine the

insul ation resi stance was mneasur ed.

d. Conformance Test. |In accordance with NEMA M5 1 paragraph 20. 47.

e. Vibration neasurenent in accordance with NEMA MG 1 paragraph 12.07
or NEMA M5 1 paragraph 20. 54.

2.5.3 Form Wund Coi | Test

Al formwound coils, either before or after they are placed in the slots,
shall be tested for short circuits between turns of the individual coils by
applying a high frequency voltage of not |ess than 75 percent of the
vol tage for which the machine is insulated, or by applying a surge test
vol tage of equivalent value to the ternminals of each coil. Equival ent
surge voltage shall be a wave whose peak value is equal to 1.06 tines the
vol tage for which the notor is insulated.

2.5.4 [Wnding Space Heater Test

Rk Rk kI S R R Sk Sk b Sk e S S R R R R R Rk kS SRR R e S S R R Rk S e S O o kR
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NOTE: | nclude only where wi nding space heaters are
speci fi ed.

EE R Sk S S S S R S o S
Each wi nding space heater unit shall be tested at the factory for
successful operation and dielectric strength.]

PART 3 EXECUTI ON (Not Applicabl e)

EE R Sk S S S S
ADDI TI ONAL NOTES

NOTE A: For additional infornation on the use of

all CEGS, see CEGS GENERAL NOTES

NOTE B. The specification is witten to cover

nmotors with special features of construction which
are consi dered necessary to provi de naxi mum

i nsurance agai nst failures where the notors are to
be operated only for short periods of tinme at
infrequent intervals and at |ocations where the
average relative humdity of the air is high. \Were
operating characteristics or features of notor
construction different fromthis specification are
consi dered desirable, the specification may be

nodi fied accordingly. The designer shall also

consi der unusual service conditions such as direct
exposure to the sun, vermn infestation, or high

al titude.

NOTE C. NEMA M5 1, Parts 12 and 20, cover medi um
and large induction notors, respectively. Any notor
speci fied by speed and horsepower will be included
in either Part 12 or Part 20. References to both
parts are listed in some cases, as either or both
parts nay apply to a particular project.

NOTE D. In adapting this specification to any
project the formand phraseol ogy will be changed as
necessary to properly specify the work contenpl at ed.
When deviations fromthis specification are

consi dered necessary, prior approval from HQ USACE
wi |l be obtained

NOTE E. Alternate provisions throughout this guide
specification are indicated by brackets. Provisions
i napplicable to the particular procurenment should be
del et ed

NOTE F. An index of current guide specifications
for Gvil Wrks and Mlitary Construction is

contai ned i n Engi neering Panphlet (EP) 25-1-5
Copi es of this basic guide specification may be
requi sitioned from CCB optical disk system
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NOTE G Instructions for the preparation and

subm ssi on of specifications for approval are
included in ER 1110-2-1200.

NOTE H. Drafts of specifications submtted to

hi gher authority for review and approval shal
consi st of printed copies of this guide
specification conbined with printed copies of the
USACE Command' s "Nont echni cal Contract Provisions,"
both revised as required for the particul ar

pr ocur enent .

NOTE |. Holl ow shaft punps shall be used whenever
possi bl e, since they are nore readily adjusted
Pumps requiring large notors (above 1,000 hp) are
limted by the available notors. The exact notor
capabilities and sources of supply shall be

i nvestigated when using hollow shafts with notors
above 1,000 hp. Solid shafts shall be used only
when the avail abl e notor designs require their use.
NOTE J. For weak source (high thevenin source

i npedance), the electric utility shall be contacted
to determne starting restrictions, maxi muminrush
or voltage dip limts. This is especially critica
for motors over 100 hp. The designer shall then
performa Mtor Torque and Accel erating Tine Study
(MIATS) to evaluate the notor starting torque and
vol tage dip requirenent. The sel ection of a reduced
vol tage starter shall then be based on the electric
utility requirenents and the notor punp arrangenent.
NOTE K. If notor tenperature rise is of particular
concern, the designer may specify dass F insulation
with a dass B tenperature rise instead of Cass F
insulation with 110 percent conti nuous overl oad
factor.

NOTE L. Wen reduced voltage starting is required
closed transition autotransforner type reduced

vol tage starters should be used. These starters
provide the nost flexibility during installation
since both input voltage and inrush current may be
adjusted. This specification is not neant to limt
the selection of a reduced voltage starter to only
autotransformer type. The use of a wye-delta type
starter nmay be appropriate in certain situations.
The reduced starter cost for use of other than
autotransfornmer type starters nust be wei ghed

agai nst the increased cost in notor designs; however
each design should be evaluated for the nost
suitable type starter. Al reduced voltage starters
will reduce the notor starting torque, so the

desi gner shoul d eval uate the | oad characteristics to
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ensure that notor torque will be sufficient under
all starting conditions. If reduced-kVA starters
are required, EM 1110-2-3105 should be consulted for
further guidance and possi bl e punp design
consi der ati ons

NOTE M Motor efficiencies are not standardi zed and
vary with manufacturer. Efficiency and its

associ ated power factor are prinmarily a function of
| oad, horsepower rating, and speed. Sone genera

gui delines are as foll ows:

Operation bel ow - Decreased efficiency,

rated | oad | ower power factor

H gher horsepower - Increased efficiency,
hi gher power factor
H gher speeds - Increased efficiency,

hi gher power factor

For notors above 100 hp, efficiency and power factor
may not be a consideration since nost notors of this
size have a rated efficiency of around 90 percent
and a power factor of greater than 0.8. Wen this

is the case, delete power factor efficiency

requi renents from paragraph MOTORS, and the
certification requirenent in paragraph SUBM TTALS
The desi gner should consult manufacturer's
literature and individual applications for
efficiencies and power factor to specify. The

desi gner shoul d al so weigh the cost of a nore
efficient notor vs a larger notor with increased
efficiency due to size. Generic notor data are
avai | abl e which nay be used if manufacturer's data
are not avail abl e.

EE R Sk S S S S S R o S S
. -- End of Section --
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