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NOTE: This guide specification covers the

requi renents for the procurenent of three-phase
vertical synchronous notors, 1118 kW 1500 hor sepower
and above, for driving stormwater punps for |oca
flood-control punping stations. This section was
originally devel oped for USACE Civil Wrks projects.

Adhere to UFC 1-300-02 Unified Facilities Guide
Speci fications (UFGS) Format Standard when editing
this gui de specification or preparing new project
specification sections. Edit this guide
specification for project specific requirenents by
addi ng, deleting, or revising text. For bracketed
itens, choose applicable iten(s) or insert
appropriate information.

Renove information and requirements not required in
respective project, whether or not brackets are
present.

Conment s, suggestions and reconmended changes for
this gui de specification are wel come and shoul d be
submtted as a Criteria Change Request (CCR)

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

PART 1 GENERAL

EE R R R S I R R I R I R I R S R R R I R S I R I R I R R R R R R R

NOTE: This Section covers notors wth special
features of construction which are considered
necessary to provi de maxi mum i nsurance agai nst
failures where the notors are to be operated only
for short periods of tine, at infrequent intervals,
and at | ocations where the average relative humdity
of the air is high. Were operating characteristics
or features of notor construction are different from
those normal ly specified, this specification nust be
nodi fi ed accordingly. The designer nust also
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consi der unusual service conditions such as direct
exposure to the sun, vermn infestation, or high
al titude.

In adapting this specification to any project, the
form and phraseol ogy will be changed as necessary to
properly specify the work contenplated. When
deviations fromthis specification are considered,
necessary prior approval from HQUSACE will be
obt ai ned.

Instructions for Section 35 45 01 VERTI CAL PUWPS,
AXI AL- FLOW AND M XED- FLOW | MPELLER- TYPE, specify
that Section 4 of Part |V, Technical Provisions, be
reserved for insertion of the technical provisions
of this guide specification

The foll owi ng should be included in section "L" of
standard form 36, Infornmation to Bidders.

"It is preferred that the field poles be secured to
the rotor structure by nmeans of dovetails, but an
alternate nethod of construction will be acceptable,
provi ded that evidence of its adequacy, satisfactory
to the Contracting Oficer, is submtted with the
bid. "

The desi gner shoul d consi der prequalifying the

bi dders based on past experience with this type and
size of motor. Criteria for qualifying should be
included in section "L" of standard form 36.

EE R R R I R R R R I R S R R R R O S R R S I R R R R R S R R R R

1.1 REFERENCES
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NOTE: This paragraph is used to list the
publications cited in the text of the guide
specification. The publications are referred to in
the text by basic designation only and listed in

t hi s paragraph by organization, designation, date,
and title.

Use the Reference Wzard' s Check Reference feature
when you add a Reference ldentifier (RI D) outside of
the Section's Reference Article to automatically

pl ace the reference in the Reference Article. Also
use the Reference Wzard' s Check Reference feature
to update the issue dates.

Ref erences not used in the text will automatically
be deleted fromthis section of the project

speci fication when you choose to reconcile
references in the publish print process.

EE R R R S I R R I R I R S R R R R S I R R I R R R R R R R R

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to within the text by
t he basic designation only.
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1.

ASTM | NTERNATI ONAL (ASTM

ASTM A123/ A123M (2017) Standard Specification for Zinc

(Hot-Di p Gal vani zed) Coatings on Iron and
St eel Products

ASTM A153/ A153M (2023) Standard Specification for Zinc
Coating (Hot-Dip) on Iron and Steel
Har dwar e

ASTM B344 (2020) Standard Specification for Drawn or

| EEE

| EEE

| EEE

| EEE

NETA

NENVA

NENVA

2

Rol | ed Ni ckel - Chrom um and
Ni ckel - Chromium lron Alloys for Electrical
Heating El ements

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

43 (2013) Recommended Practice for Testing
I nsul ation Resistance of Rotating Machinery
115 (2019) Cuide for Test Procedures for
Synchronous Machi nes: Part | Acceptance
and Performance Testing; Part |l Test
Procedures and Paraneter Deternination for
Dynam ¢ Anal ysi s
C37. 96 (2012) Cuide for AC Mobtor Protection
C57. 13 (2016) Standard Requirenents for
I nstrument Transformers
| NTERNATI ONAL ELECTRI CAL TESTI NG ASSOCI ATI ON ( NETA)
ATS (2021) sStandard for Acceptance Testing
Specifications for Electrical Power
Equi pnent and Systens
NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMR)
ICS 4 (2015) Application Guideline for Term nal
Bl ocks
MG 1 (2021) Mdtors and Generators
SUBM TTALS

EE R I R R S R I R I R I R S R R R R R S R I R I R I R R S R S R R R S

NOTE: Review submittal description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list, and correspondi ng submttal
items in the text, to reflect only the submttals
required for the project. The CGuide Specification
technical editors have classified those itens that
requi re Governnent approval, due to their conplexity
or criticality, with a "G" GCenerally, other
submttal items can be reviewed by the Contractor's
Quality Control System Only add a “G’ to an item
if the submittal is sufficiently inportant or

SECTION 26 29 02.00 10 Page 6



conplex in context of the project.

For Arny projects, fill in the enpty brackets
following the "G' classification, with a code of up
to three characters to indicate the approving
authority. Codes for Arnmy projects using the

Resi dent Managenent System (RVS) are: "AE" for
Architect-Engineer; "DO'" for District Ofice

(Engi neering Division or other organization in the
District Ofice); "AO for Area Ofice; "RO for
Resident O fice; and "PO' for Project Ofice. Codes
following the "G' typically are not used for Navy
and Air Force projects.

The "S" classification indicates submittals required
as proof of conpliance for sustainability Guiding
Principles Validation or Third Party Certification
and as described in Section 01 33 00 SUBM TTAL
PROCEDURES.

Choose the first bracketed itemfor Navy and Air
Force projects, or choose the second bracketed item
for Army projects.

EE R R R S I R I R I R I R S R R R R S R R I R R R R R S R R O

Covernment approval is required for submttals with a "G' or "S"
classification. Subnittals not having a "G' or "S" classification are
[for Contractor Quality Control approval.][for information only. Wen
used, a code following the "G' classification identifies the office that
will reviewthe submttal for the Governnment.] Subnmit the following in
accordance with Section 01 33 00 SUBM TTAL PROCEDURES:

SD- 02 Shop Drawi ngs
Motors; ¢, [ 1]

SD- 03 Product Data

Insulated Wndings; G, [ 1]
Wtness Test; ¢, [ 1]
Motors; G, [ 11

CGover nnment St udy

Spare Parts

Antireverse Device; G, [__ 1]
SD- 06 Test Reports

Factory Tests

Acceptance Checks And Tests; G, [ 1]
SD-07 Certificates

Power Factor and Efficiency
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[

1

1

Factory Tests
Conpl et e Test
Check Tests
SD- 10 Operation and Mi ntenance Data
Manufacturer's Data and Instructions; C, [ 11

Long Term Storage; C[, [

3  QUALITY ASSURANCE
3.1 Corrosion Prevention and Fi ni sh Painting
The equi pnent provi ded under these specifications will be subjected to

severe noisture conditions. Design and construct the equi pment to render
it resistant to corrosion fromsuch exposure. The general requirenents to
be followed to mtigate corrosion are specified below. Any additiona
speci al treatment or requirenment considered necessary for any individua
items is specified under the respective item However, other
corrosion-resisting treatnents that are the equivalent of those specified
herein may, with the approval of the Contracting Oficer, be used.

.3.1.1 Corrosion-Resisting Materials

Corrosion-resisting steel, copper, brass, bronze, copper-nickel, and
ni ckel - copper all oys are acceptabl e corrosion-resisting materials.

.3.1.2 Corrosion-Resi sting Treatnents

Hot - di p gal vani zi ng nust be in accordance with ASTM A123/ A123N or
ASTM A153/ A153l as applicable. Qher corrosion-resisting treatnents nmay
be used if approved by the Contracting Oficer

.3.1.3 Franes

Clean rust, grease, nillscale, and dirt fromnmotor franes, end bells,
covers, conduit boxes, and any other parts, if of steel, and if they wll
be coated during the process of insulating the windings. Then treat and
rinse in accordance with manufacturers' standard process. |f any of the
above-listed parts are not coated during the process of insulating the

wi ndi ngs then, in addition to the above, give themtwo coats of prinmer and
then two coats of manufacturers' standard noisture-resistant coating,
processed as required.

.3.1.4 Cor es

Thoroughly clean and then inmediately prinme the assenbl ed notor core by
applying a mnimumof two coats of a noisture-resisting and oil -resisting
i nsul ati ng conpound. G ve air gap surfaces a m ni mum of one coat.

.3.1.5 Shafts

Clean rust, grease, and dirt from exposed surfaces of notor shafts.

Except for bearing surfaces, give one coat of a zinc nolybdate or

equi val ent primer and two coats of a noisture-proof coating, each cured as
required. Shafts of a corrosion-resisting steel may be used in lieu of
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t he above-nmenti oned treat ment.

1.3.1.6 Fi ni sh Painting

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: |If severely noist conditions exist, a
separate paint system should be specified using
Section 09 97 02 PAINTING HYDRAULI C STRUCTURES
system 21, epoxy finish or equivalent. Wen such
painting is specified, care nust be taken to specify
a paint that will adhere to and not be injurious to
the protective painting provided under these

speci fications.

EE R R R S I R I R I R I R S R R R R O S R R S R R R R R R R R

Fi ni sh painting of all equipnent in accordance with the standard practice
or reconmendati on of the manufacturer for the installed conditions, as
approved by the Contracting Oficer

1.3.1.7 Fasteni ngs and Fittings

VWere practicable, all screws, bolts, nuts, pins, studs, springs, washers,
and other simlar fittings nmust be of corrosion-resisting material or mnust
be treated in an approved nanner to render themresistant to corrosion

1.3.2 CGover nnment St udy

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Itemd. may be used only when the punp and
notor are furni shed under the sanme procurenent.

EE R R R S I R R I R I R I R S R R R R R R S R R I R I R R R R R R O

Submit the specified data. Supply to the Governnment, for conpletion of
its Mdtor Torque and Accelerating Tine Studies (MATS), the foll owi ng data:

a. Conmplete equivalent circuit data referred to the stator with friction
wi ndage, and stray | oad | osses.

b. Current, power factor, and torque versus speed (0-100 percent,
inclusive, in 1 percent increments up to 95 percent and 0.1 percent
i ncrenents above 95 percent) and | oad (0-125 percent, inclusive, in 25
percent increnents) as a function of line voltage (from 80 percent to
110 percent, inclusive, in 5 percent increnents), 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.
[ d. Load inertia, W2 of punp rotating parts (wet), pound-foot?2.]
1.4  DELI VERY, STORAGE, AND HANDLI NG

Ship each motor in the vertical position with the rotor bl ocked inside the
stator to prevent danmmge to the bearings. Securely mount the notor on a
skid or pallet of anple size. Box all snall parts or elenents. Perform
the skid nounting and boxing in a manner which will prevent damage or
distortion to the motor during | oading, shipnent, unloading, indoor
storage, and subsequent handling. Provide weatherproof covers as
necessary to protect the nmotor and appurtenances during shipnent.
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[ Furnish for unloading and handling at the destination any eyebolts,
speci al slings, strongbacks, or other devices used in |oading the

equi prent at the manufacturer's plant. Devices nmust becone the property
of the Government. ]

4.1 | npact Recor der

Ship each notor with a three-way tenporary inpact recorder to neasure
magni t ude and direction of longitudinal (Y), lateral (X), and vertical (2)
i npacts suffered during shipnent. |If the recorder indicates inpacts equa
to or greater than those deternined by the Contractor prior to shipnent
for any of the three directions specified herein, inspect and test notor
to determ ne extent of damage, if any, and repair or replace any damaged
equi pnent .

[1.4.2 Long Term St orage

EE R R R S I R R I R I R I R S R R R R R R S R R I R I R R R R R R O

NOTE: The designer will include this paragraph only
when there is no avail abl e Government storage. The
desi gner should al so investigate storage to be used
by the installation Contractor and the possibility
of making this a requirement under the installation
contract.

EE R I R R S I R R I R I R I R S R R R R S I R R I R R R S S R S R R

Store all equi pnent provided under this contract for | ] [days]
[months]. The storage site nust neet the manufacturer's recomendati ons
for indoor storage. The equipnent will be subject to periodic inspection

by the Governnent to ensure that proper storage conditions are mnaintained.
Submit the storage site description, |ocation, description of
envi ronnental controls, and neans of access.

]1.5 RELATED REQUI REMENTS

1

Section 26 08 00 APPARATUS | NSPECTI ON AND TESTI NG appl i es.
6 EXTRA MATERI ALS

Furni sh the followi ng spare parts for each type and rating in addition to
t he assenbl ed notors:

a. Two conplete stator coils but not |ess than the nunber of coils to
span one coil pitch with necessary wedges and material for
installation for one notor.

b. Two conplete field coils, including necessary materials for
install ation.

c. One complete exciter field coil, including necessary materials for
i nstal |l ation.

d. One conplete set of bearing parts for punp notors. Each set to
i ncl ude:

(1) Stationary thrust bearing plate

(2) Rotating thrust bearing plate.
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(3) Upper guide bearing lining.
(4) Lower guide bearing lining.

(5) Two sets of oil rings for punp notors.

[ (6) One conplete set of parts necessary for replacenent of
antireverse device.]

[ (7) Spare lubricant in sufficient quantity to purge and refill the
system ]

PART 2 PRODUCTS
2.1 SYSTEM DESCRI PTI ON

The work under this section includes furnishing all |abor, equipnent, and
material and perfornmng all operations required to design, manufacture,
assenble, factory test, prepare for shipnment and storage, and to deliver
the vertical synchronous notors required to drive the flood-control punps
speci fied under Section 35 45 01 VERTI CAL PUWPS, AXI AL- FLON AND M XED- FLOW
| MPELLER- TYPE. Supply these notors conplete with all accessories, spare
parts, tools, and manufacturer's data and instructions as specified herein

a. Wth the instruction nanuals, submit a conplete |list of renewal parts
for the notor.

b. Submt instructions manual for the proper installation, erection
i nspecti on, and mai ntenance of the machines furnished under this
contract not |later than the date the equi pnent is shipped fromthe
manufacturer's plant. Mnuals nust include conplete installation
mai nt enance, and service instructions for the notors, |ube oil system
t hrust bearings (including cooling water requirenents), and ot her
accessori es.

c. The instructions nust include a cross-sectional draw ng indicating the
maj or conponent parts of the notor and procedure for di sassenbly.
[ Coordi nate the description in the manual for the notor with the
installation erection instructions specified in Section 35 45 01
VERTI CAL PUMPS, AXI AL- FLOW AND M XED- FLOW | MPELLER- TYPE for the punp
and integrated with sane for a conplete nmotor and punp assenbly.]

EE R R R S I R R I R I R I R S R R R R S R R I R R R R R S R R R O

NOTE: Include contract specification nunber where
service conditions are descri bed.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

d. Insulation for the stator, rotor field, and exciter wi ndings nust be
full class "F" insulation as defined in NEVA Mz 1 paragraph 1.66 and
as described herein. The insulation system nust be a conbination of
mat eri al s and processes which provides high resistance to noisture,
fungus, and ot her contam nants as experienced by a motor in the
service conditions specified herein

e. The insulation systemnust also be of a type designed and constructed
to withstand severe hunidity conditions and to function properly after
| ong periods of idleness without first drying out. All w ndings and
connections nust be of the sealed type as defined in NEVA MG 1
paragraph 1.27.2. Conpletely assenble insulated wi ndings in the notor
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2.

core before inpregnating with the insulating conmpound. The conpound
nmust consi st of 100 percent solid resin. Subnit a detailed
description of and specification for the manufacturing process, the
materials and the insulating conpound used in insulating the w ndings
for approval before manufacture of the notors is commenced. |If, in
the opinion of the Contracting Officer, the insulation proposed is not
of the quality specified and if the methods of manufacture are not
considered to be in accordance with best nobdern practice, the notors

will not be accepted. |Inpregnation of the windings with the
i nsul ati ng conpound nust be by vacuum i npregnation method foll owed by
baki ng. Repeat the procedure as often as necessary to fill in and

seal over the interstices of the winding, but in no case nust the
nunber of di ps and bakes be | ess than two di ps and bakes when the
vacuum et hod of inpregnation is used.

f. Process insulation to ground on the coil. Slot tubes or cells are not
acceptable. The insulation nust be of adequate thickness and
breakdown strength throughout the Iength of the coil. Use mica in the

sl ot portion of adequate thickness to withstand the dielectric tests
speci fied in paragraph FACTORY TESTS.

.2 NAVEPLATES

Include rated voltage, rated full-load anperes, rated horsepower, service
factor, nunber of phases, RPM at rated | oad, frequency, code letter

| ocked-rotor anperes, duty rating, insulation systemdesignation, and

maxi mum anbi ent design tenperature in the naneplate data. On each notor,
provide a nanmeplate listing notor characteristics in accordance with

NEVA MG 1 paragraph 21.25. Furnish a separate starting i nformation

nanepl ate as specified in paragraph OPERATI NG CHARACTERI STICS. On each
notor, provide a starting infornmation naneplate setting forth the starting
capabilities in accordance with NEMA MG 1 paragraph 21.25. This nanepl ate
nmust al so include the mininumtime at standstill and the mi ni mum runni ng
time prior to an additional start.

.3 GUARDS AND PROTECTI VE ENCLOSURES

Al noving, energized, or other parts where accidental contact night be
hazardous to personnel nust be equi pped with adequate guards, rails, or
ot her suitable enclosures to prevent accidental contact. Pipe al
lubrication fittings to convenient |ocations where they can be serviced
fromregularly utilized access ways w t hout renoval of the guards or
encl osures. Al guards and protective enclosures nust conply with

NEVA MG 1 Part 5.

4 MOTORS

EE R I R R S R I R I R I R S R R R R R S R I R I R I R R S R S R R R S

NOTE: For weak source (high thevenin source

i mpedance), the electric utility should be contacted
to determne starting restrictions, maxi muminrush,
or voltage dip limts. This is especially critica
for motors over 75 kW 100 hp. The desi gnher rmnust
then performa notor torque and accelerating tine
study (MIATS) to evaluate the notor starting torque
and voltage dip requirenent. The selection of a
reduced voltage starter will be based on the
electric utility requirements and the notor punp
arrangenent .
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The notors to be supplied under these specifications nust be of the
vertical [solid] [hollow] shaft type as required by the punp manufacturer
wi th direct-connected brushl ess exciter, designed for full voltage
starting, of drip-proof construction, [conplete with antireversing ratchet
or backstop device], and nust conformto the applicable requirenents of
NEVA MG 1, except as hereinafter specified.

a. Subnmit equi prent foundation dinmensions; outline drawi ngs for nmotor and
rotor set-down fixture and jacking provisions with weights, naneplate
data, and details show ng net hod of nounting and anchoring the notor.
otain Contracting Officer's approval in witing prior to the
comencenment of manufacture of notors.

b. Submt conplete descriptive specification for each type and size notor
furni shed, with necessary cuts, photographs, and drawings to clearly
i ndi cate the construction of the notor, specifications for the
materials and treatnents used to prevent corrosion of parts, and of
bearing construction

c. Subnmit a conplete listing of notor performance data in the form
provided in NEMA MG 1 paragraph 21.50. Include with the subnittal al
infornation required for the selection of protective and control
equi prent and for operational settings. Information such as, but not
limted to, normal and nmaxi mum operating tenperatures for w ndings and
bearings, V-curves, field control and protective equipnment to be
nmount ed on the notor controller cubicle, |ocked-rotor current,
perm ssible | ocked-rotor time, starting tinmes for each type of start
as indicated above, and subtransient, transient, and synchronous
react ance.

d. |If duplicate equipnent has not been manufactured previously, perform
and confirm cal cul ati ons or tests as required by paragraph FACTORY
TESTS. (Obtain Contracting Oficer's approval in witing prior to the
comrencenent of manufacture of notors.

2.4.1 Rat i ng

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: The local electric utility should be

consul ted for the expected average and maxi num

val ues of percentage voltage unbal ance, as defined
in NEMA MG 1 paragraph 21.81.2, that will be present
at the punping station. |If either value exceeds 1
percent as recomended in NEMA MG 1 paragraph 21.81
the utility should be requested to furnish their
plans to inprove the voltage unbal ance. |If they are
unable to do so, then the notor should be derated
where the voltage unbal ance exceeds 1-2 percent.
Vol t age unbal ance shoul d never exceed 5 percent.
Mot or manuf acturers shoul d be consulted for voltage
unbal ance |imts whenever notors have specified
limts on |ocked-rotor currents, particularly the
500 percent limt.

EE R R R S R R I R R I R S R R R R S R R I R I R R S R R R R O

W nd each motor for three-phase, 60 Hz, alternating current, and for the
respecti ve operating voltage |isted bel ow
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PLANT PUMP PUWP SERVI CE MOTOR OPERATI NG
VOLTAGE

G G G G
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Design the motor for operation in a 40 degrees C 104 degrees F anbient
tenperature, and all tenperature risers nust be above this anbient
tenperature. The rated horsepower of the notor nust be not |less than 110
percent of the determ ned naxi mum | oad requirenent of the punp. [Supply
vol t age unbal ance will be [ ] percent. The notor rated horsepower
will be further derated according to NEVA M5 1 paragraph 21.29 for a
vol t age unbal ance above [1.5 percent] [2 percent].] Mdtors nust have a
power factor and service factor of 1.0. The tenperature rise above the
anbi ent tenperature for continuous rated full |oad conditions and for the
class of insulation specified nust not exceed the values given in NENVA MG 1
par agraph 21. 40.

2.4.2 Operating Characteristics

2.4.2.1 Tor ques

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: This guide specification identifies closed
transition autotransformer-type reduced voltage
starters. These starters provide the nopst
flexibility during installation, when exact |oad and
Iine characteristics are not deternined, since both
i nput voltage and inrush current may be adj usted.
This specification is not meant to limt the

sel ection of reduced voltage starter to only
autotransforner type. The use of we-delta type
starter may be appropriate in certain situations.
The reduced starter cost nmust be wei ghed agai nst the
i ncrease cost in notor designs; however each design
shoul d be evaluated for the npost suitable type
starter. All reduced voltage starters will reduce
the notor starting torque, so the designer should
evaluate the | oad characteristics to ensure that

notor torque will be sufficient under all starting
conditions. |If reduced-kVA starters are required,
EM 1110- 2- 3105 shoul d be consulted for further

gui dance.

EE R I R R S I R R R I R I R S R R R R S R I R I R R R R R R R R

Starting and accel erating torque nust be sufficient to start the punp and
accelerate it against all torques experienced in passing to the pull-in
speed under maxi mum head conditions and with rated excitation current and
a termnal voltage equal to [90 percent of rated value] [the output of a
closed-transition autotransforner type reduced-voltage starter supplied at
90 percent of rated voltage and connected on its [80] [65] percent tap].
The pull-in torque nust exceed that required by the | oad under naxi nmum

| oad conditions but nust not be |less than 100 percent of notor full-I oad
torque, with a termnal voltage equal to 90 percent of rated val ue.
Pul | -out torque must not be |less than 150 percent of motor full-Ioad
torque for one minute mnimumand with a terminal voltage equal to 90
percent of rated val ue.
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2.4.2.2 Locked- Rot or Current

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: The objective of this specificationis to
l[imt the | ocked-rotor current to a val ue
sufficiently lowto permt full-voltage starting.
The notor horsepower rating is to be a m ni nrum of
110 percent of the maxi mum punp | oad at a service
factor of 1.0. Manufacturer's standard is to limt

| ocked-rotor current to 600 percent of full |oad
current. However, local utilities may have
additional linmitations on inrush currents and shoul d
be consulted. Mtor design will permt sone
reduction in inrush current in which case 500
percent should be used. |If this is not sufficient,

reduced-vol tage starting should be used. The inrush
current limt should be specified whenever possible.

EE R I R R S I R R R I R I R S R R R R I R S I R R I R R R S R O S R R O

The | ocked-rotor current must not exceed [600] [500] percent of rated
naneplate full load running current. [The |ocked-rotor current must not
exceed [ ] anperes at 90 percent of rated voltage during any point in
the starting cycle under worst case starting conditions. For

aut ot ransforner reduced voltage starting, the above criteria apply to the
primary side and at any prescribed tap.]

2.4.2.3 Starting Capability

Each notor, when operating at rated voltage and frequency and on the basis
of the connected punp load inertia, VW2, and the speed-torque
characteristics of the maxi mum | oad during starting conditions as

furni shed by the punp manufacturer, mnmust be capable of making the starts
required in NEMA MG 1 paragraph 21.43.

2.4.2. 4 Bal ance

The bal ance for each notor nust be in accordance with NEVA MG 1 Part 7.
[Each nmotor's characteristics must be such that the nmaxi mum vibration

requi renents of Section 35 45 01 VERTI CAL PUWMPS, AXI AL- FLON AND M XED- FLOW
| MPELLER- TYPE are net. ]

2.4.2.5 Noi se

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: The Department of Defense considers hazardous
noi se exposure of personnel as equivalent to 85 dB
or greater: A-weighted sound pressure |evel for

ei ght hours in any one 24-hour period. On the
assunption that punping plant operating personnel
may be exposed to noi se | evel s approachi ng or
exceedi ng that defined by the DOD as hazardous, the
nmotor noise limt should be specified not to exceed
85 dBA. The additional cost of providing notors
neeting this requirenent should be investigated and
wei ghed agai nst an alternate of providing a roomto
i sol ate these personnel fromthe noi se exposure.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S
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Al notors nust operate at a noise |level |ess than 85 deci bels A-wei ghted
nmean sound pressure |evel (dBA). Deternine noise in accordance with
NEVA MG 1 Part 9.

.4.2.6 Overspeed Option

EE R R R S I R R I R I R I R S R R R R S R R I R R R R R S R R R O

NOTE: NEMA MG 1 paragraphs 12.48 and 21.45 specify
t hat overspeeds are for energencies |asting no

| onger than one minute. Using this option will

i ncrease costs due to requirements well beyond
standard limts. Designer nust do a cost analysis
before selection of this option

EE R R R S I R I R I R I R S R R R R O S R R S R R R R R R R R

Desi gn each nmotor to withstand indefinitely, w thout injury, the maximm
overspeed to which the motor will be subjected when the punp to which it
is connected is acting as hydraulic turbine under the maxi mum head with

t he punp di scharge pi pe open

.4.2.7 [Antireverse Device

Install a self-actuated backstop device or antireversing ratchet, to
prevent reverse rotation of the punp due to | oss of power or failure of
the electric prinme nover, as an integral part of the notor. Submt the
design of the antireverse device for approval by the Contracting Oficer
such that its action is without intentional delay or excessive backl ash.

It nust have sufficient capacity to prevent reverse rotation with a back
flow t hrough the punp due to a | ]-foot differential head. The device
nmust be precision nachined and be conplete with support housing and oi
collector as required. Provide an oil reservoir, independent of the one
used for the thrust bearing, conplete with oil-Ilevel gauge and 120-volt ac
rated high and | ow | evel contacts for the backstop device. The |ubricant
for the antireverse device nust contain a corrosion inhibitor. Show the
type and grade of the lubricant on a special nameplate attached to the
franme of the notor adjacent to the lubricating filling device.]

.4.2.8 [ Power Factor and Efficiency

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: List power factor and efficiency for each
size only if high efficiency notors are required.
CGeneral |y manufacturers' standards will be used.

EE R R R S I R I R R I R S R R R R S R R I R R R S R R S R R

The power factor and efficiency at full load, 3/4 full load, and 1/2 ful

| oad nust be not less than | 1, [ 1, [ ] and [ 1, [ 1,
[ ], respectively. Subnmit certification guaranteeing value of power
factor and efficiency for full load, 3/4 full load, and 1/2 full | oad.
Motors will be rejected if factory tests specified in paragraph FACTORY
TESTS do not denmpnstrate that these values will be net or exceeded.]

.4.3 Franmes and Brackets

Frames and end brackets nust be of cast iron, cast steel, or wel ded
steel. The mounting ring, unless otherw se approved, nust be built
integral with the frame or | ower end bracket. Coordinate the notor
installation with the nmounting arrangement specified in Section 35 45 01
VERTI CAL PUMPS: AXI AL- FLOW AND M XED- FLOW | MPELLER- TYPE, par agr aph BASE
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PLATE AND SUPPORTS. Furnish all equiprment and naterials required to nount
the notor, such as a base or pedestal, sole plates, and bolts or dowels.
Install sufficient bolts and dowels to prevent any possible novenment of
the notor assenbly when the nmotor is subjected to stresses resulting from
the npbst severe short-circuit conditions. Treatnent against corrosion
nust be as specified in paragraph QUALI TY ASSURANCE

.4.3.1 St at or Frane

The stator franme nmust be rigid and sufficiently strong to support the
wei ght of the upper bearing bracket |oad, the weight of the stator core
and wi ndings, and to sustain the operating torques w thout perceptible
di stortion.

.4.3.2 Supporting Brackets

The upper bracket supporting the thrust bearing and upper gui de bearings
nmust have sufficient strength and rigidity to support the weight of the
entire rotating elenment of the notor, together with the punp inpeller and
shaft, and the unbal anced hydraulic thrust of the punmp inpeller. |If
feasible, design and construct the | ower bracket supporting the | ower
gui de bearing so the entire rotor can be lifted out as a unit w thout

di sturbing the bearing alignnent. |If it is not feasible to construct the
rotor so that it can be lifted out as a unit, support the | ower bracket on
separate base plates or structure and design so that it can be renoved

t hrough the stator. The maxi num defl ection of the thrust bearing support
system at any point must not exceed the [imts set by the punp

manuf acturer to maintain proper clearances for any operating condition

.4.3.3 Eyebol ts

Provi de eyebolts, lugs, or other approved neans for assenbling,

di smantling, and renoving the notors from above, utilizing the overhead
punpi ng station building crane. Furnish with the motor all lifting
devices for use in conjunction with the building crane.

.4.3. 4 Pl atforns and Stairways

Furni sh each notor with a platformand stairway conplete with railing.
Provide an easily renoved section of railing so that the rotor shaft does
not have to be hoi sted above the railing when the rotor is removed. The
pl atform must al so provi de nmi nt enance access as required by the notor
furni shed. Locate the stairway [ ] degrees [counter-] clockw se from
t he di scharge el bow of the punp, when | ooking down on the notor/punp
assenbl y.

4.4 I nsul ation Against Stray Currents

The notor nust be adequately insul ated agai nst stray currents which may be
set up by the field of the notor and which night cause injury to the notor
or punmp bearings. Arrange this insulation to break the possible path of
such currents in not less than two places in series.

. 4.5 Mot or Cool i ng
Provide the nmotor with an open-type system of ventilation, taking cooling
air fromabove the operating floor |evel and discharging the heated air

into the operating roomthrough upper openings in the stator frane.
I nduce the circulation of air by nmeans of the fan action of the rotor. No
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openings to the air space below the operating |evel are to be used in the
notor design for ventilation or other uses that are not reasonably
airtight.

.4.6 St at or
.4.6.1 Stat or Core

The cores nmust be built up of separately punched thin |am nations of

| ow hysteresis | oss, nonagi ng, anneal ed, electrical silicon steel
assenbl ed under heavy pressure; and clanped in such a nmanner as to ensure
that the assenbled core is tight at the top of the teeth of the | am nated
core. Lam nations rmust be properly insulated fromeach other. Use only
| am nations free fromburrs, and renove all burrs or projecting

| am nations fromthe slots of the assenbled cores. Cores nust be keyed,
dovetail ed, or otherwi se secured to the shaft or frame in an approved
manner. Treatment agai nst corrosion must be as specified in paragraph
QUALI TY ASSURANCE

.4.6.2 Stator Coils

Thoroughly insulate and treat the coils with a noisture and
fungus-resisting conpound in such a way that air will be excluded and the
insulation will be protected fromthe absorption of noisture. Provide
additional insulation for those portions of each coil which are within the
slots. The coils nmust fit the slots accurately and they nmust be form
wound and i nterchangeabl e. Design and construct the end turns that they
will not be distorted under the npst severe short-circuit conditions to
whi ch the nmotor nay be subj ected.

.4.6.3 I nsul ated Stator W ndings

Insul ate the stator w ndings as specified in paragraph QUALI TY ASSURANCE
Coils must be of such uniformty that the stator windings of all simlarly
rated nmotors will be alike, in shape and size, and interchangeable. Fully
brace the stator winding and end turn connections to w thstand repeated
full voltage starts. The bracing systemnust essentially elimnate coi

vi bration under these high current conditions as well as during nornmal
operation. A tieless bracing systemw |l be acceptable. |If a tied system
is used it must be such that no tie depends upon the integrity of any
other tie within the system

.4.6.4 Tenperature Detectors

Provide in the stator six standard copper resistance-type tenperature
detectors, with a resistance of 10 ohns at 25 degrees C 75 degrees F, in
accordance with NEVMA MG 1 paragraph 20.27. Detectors nust be wired in
accordance with paragraph ACCESSORY W RI NG AND BOXES

.4.6.5 Groundi ng

The stator frane nust have provisions for solidly grounding to the station
ground systemwhich will be furnished and installed by others.

4.7 Rot or
Build the rotor in accordance with the best nodern practice and in such a

manner as to secure adequate strength for the operating conditions
descri bed herein. Build up the pole pieces of thin steel |amnations
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accurately aligned and securely riveted or bolted together
.4.7.1 Fiel d W ndi ngs

Insulate the field windings as specified in paragraph QUALI TY ASSURANCE
Adequately insulate the field coils between turns and fromthe pole

pi eces. Thoroughly brace to withstand the stresses which could be inposed
under maxi num punp speed.

L4.7.2 Starting W ndi ngs

Design the starting windings for full-voltage starting, securely built
into the field poles and designed to ensure conservative stresses when the
unit is operating at nmaxi mum punp speed. The bars nmust be silver sol dered
or brazed to heavy end segments to forma | owresistance joint of high
mechani cal strength. Design the starting windings to permt any pole or
group of poles to be renpved.

.4.8 Exci ter

Provi de each synchronous notor with a direct connected exciter w thout
brushes, commutators, or additional bearings. The exciter nust be capable
of supplying continuously, and w thout overheating, the excitation for the
notor to which it is connected when the latter is operating at rated power
factor, voltage, frequency, and horsepower. Acconplish the
field-protective function and the field switching and application function
by semi conductor el enents nounted on suitable heat sinks supported on the
nmotor rotor and ventilated by rotation of the rotor. The exciter nust be
either built into or so arranged that it is ventilated fromthe main notor
encl osure. The enclosure of the exciter nust be of drip-proof
construction conparable to that of the motor. The control system nust
apply excitation to the motor field at the speed and phase angle required
to obtain maxi mumpull-in torque. Insulate the exciter w ndings as
specified in paragraph QUALI TY ASSURANCE. The field coils must be
adequately insul ated between turns and fromthe pole pieces and nust be

t horoughly braced to withstand the stresses which could be inmposed under
maxi mum punp speed.

.4.9 Shaf t

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Use holl ow shaft punps whenever possi bl e,
since they are nore readily adjusted. Punps
requiring large nmotors (above 746 kW 1,000 hp) are
l[imted by the available motors. Investigate the
exact nmotor capabilities and sources of supply when
usi ng holl ow shafts with notors above 746 kW 1,000 hp
Solid shafts will be used only when the avail abl e

not or designs require their use.

EE R I R R S I R R R I R I R S R R R R S R I R I R R R R R R R R

Make the nmotor shaft of high grade steel, finished all over, and of anple
size to drive the punmp under maxi mum | oad conditions. The shaft nust be
of the [solid type and nust be connected to the punp shaft with a rigid
adj ustabl e coupling.] [holl ow type and nust be connected to the punp shaft
above the thrust bearing in a nmanner that will permt the punp inpeller to
be adjusted vertically]. Coordinate the connection with the punp shaft
and furnish a motor shaft with all provisions, fittings, and devices
required to conformto the shafting arrangement specified in Section
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35 45 01 VERTI CAL PUWPS, AXI AL- FLOW AND M XED- FLOW | MPELLER- TYPE
par agraph SHAFTS. See paragraph QUALI TY ASSURANCE for treatnent agai nst
corrosion.

.4.10 Beari ngs
.4.10.1 Thrust Beari ngs

Provi de thrust bearings of the spring type |located above the rotor. A
design in which each pivot shoe rests upon a support of netal which may
take a permanent deformation in order to equalize the | oad on the bearing
shoes, or in which individual shoe pivots are supported on spring plates
or spring disks, is not considered to be of the self-equalizing type and
will not be acceptable. The stationary shoes nust be babbitt-lined. The
t hrust bearing must have anple capacity to support the maxi num punp
hydraulic thrust load plus the static |oad while operating under nmaxi mum
rated punp conditions. [The thrust bearing nust be capabl e of

wi t hstandi ng without injury the punp being started normally w thout prior
jacking of the rotor.] The thrust bearing nmust have a renovabl e runner
and nust be arranged to permt adjustnents, dismantling, and assenbly of
t he runner and shoes without disturbing the stator or rotor, other than
jacking the load fromthe bearing. A spacer plate between the thrust
bearing runner plate and the thrust block will not be permtted.

.4.10.2 Cui de Beari ngs

Except as pernitted bel ow, provide the notor with two gui de bearings, one
| ocated above the rotor and the other below the rotor. The guide bearings
nmust be capable of withstanding all stresses incident to the norma
operation of the unit [and to the maxi num runaway speed]. Both guide
beari ngs must be self-cooled, of the oil-imrersed, self-o0iling type.
Prevent oil or oil vapor fromentering the motor cooling system The
gui de bearings nmust be of the split-sleeve type. Design and construct the
gui de bearing so that they can be dismantled wi thout disturbing the thrust
bearing or the notor rotor. The Contractor nmay conbine the thrust bearing
and the upper guide bearing into a conmbination integral guide and thrust
bearing assenbly in a common housing. |In such a conbination bearing, use
the vertical side of the thrust-bearing bl ock, but not the runner plate,
as the journal surface.

.4.10.3 Lubricati on

Use lubricating oil containing a corrosion inhibitor. Showthe type and
grade of lubricant on a special naneplate and attach to the frane of the
not or adjacent to the bearing filling device. Each lubrication system
must include oil reservoirs, oil-level sight gauge, oil piping, valves,
and necessary appurtenances.

.4.10. 4 Beari ng Housi ng

Beari ng housi ng must be of a design and nmet hod of assenbly that will
permt ready renoval of the bearings, and prevent escape of |ubricant and
entrance of foreign matter. Protect the bearings with the |ubricant when
the notor is idle. Provide suitable neans to apply and drain the
lubricant. Provide oil-level indicator gauges for oil-lubricated bearing
housi ngs.
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2.4.10.5 Cool i ng

Each thrust bearing nust be self-cooling whenever possible. Wen required
by motor speed or |oad, provide an oil cooler with suitable coils of
corrosion-resisting netal in the oil reservoir of sufficient capacity to
maintain the oil at the proper tenperature with [30 percent glycol]
cooling water entering the coils at a tenperature of [30] | ] degrees
Cand with a mninum pressure of 40 pounds per square inch. Design the
cool er for safe operation at a maxi num wor ki ng pressure of 345 kPa 50 psi.
At the factory, subjected the cooler to a hydrostatic test pressure of 517
kPa 75 psi for a period of one hour w thout |eakage. Cooling water wll
be supplied by a central system furnished by others, consisting of a

radi ator, circulating water punp, and piping systemterninating at the
exterior of each notor. |If required an auxiliary-nmotor-driven circulating
oil punp, rated at 480 volts, three-phase, with electrical I|eads
termnated in a special term nal box on the notor, include an oil pressure
sensing device in the bearing oil cooler system Construct the cooler
system so that the thrust bearing can be readily inspected or renoved for
repairs. Include a water flow indicator with adjustable alarmcontacts in
the water supply line. The oil reservoir nust have an oil-1evel gauge
with high and | ow | evel normally open contacts rated 120 volts ac.

2.4.10.6 Tenperature Detectors

Provi de a standard copper resistance-type tenperature detector, with a
resi stance of 10 ohns at 25 degrees C 75 degrees F, for each bearing.
Casings must be nmade of copper. Wre detectors in accordance with

par agr aph ACCESSORY W RI NG AND BOXES

2.5 | NSTRUVENTS AND GAUGES
Furni sh the followi ng instrunents and gauges.
2.5.1 Ther nonet ers

Provi de indicating thernonmeters, 150 mr 6 inch vapor-tension [dial-type]
[digital], with adjustabl e ungrounded al arm contacts suitable for 120
volts ac for (a) the thrust bearing, (b) the thrust bearing oil reservoir
and (c) each guide bearing. Locate the bulbs to indicate the tenperatures
of the hottest parts. Munt the thernoneters on a thernmoneter panel and
| ocate on the notor housing at a |location approved by the Contracting

O ficer. Provide adequate length of tubing with each thernoneter.

Insul ate the bulb and tubi ng where necessary to prevent bearing currents.
[ The dial -type thernonmeters nust be of the [round][square] sem flush type
wi th black cases, white dials, and black figures and pointers.] [The
digital thernometers nmust be square, semflush type with black cases and
m ni murr 25 mr 1 i nch high display.]

2.5.2 Tenperature Rel ay

Provi de a pneumatic bearing tenperature relay having two sets of
electrically independent contacts, |located close to the babbitt of the

t hrust bearing [and each guide bearing]. Each relay nust close its
contacts when the bearing tenperature reaches approximately 105 degrees C
220 degrees F. The contacts nmust have a current-carrying capacity of not

| ess than 10 anperes, must be ungrounded, and nust be suitable for 120
volts ac. Munt the relays in an approved accessible location. Bring the
leads to a terminal block nounted on the stator frames in an approved

| ocation. The bulbs for the tenperature relays nmust be easily accessible
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and constructed for renoval and testing w thout disturbing the bearing or
bearing housing. Insulate the tubing where necessary to prevent bearing
currents.

.5.3 Gl -Level Gauge

Provide an oil-level gauge for each oil reservoir, with scale of
sufficient length to indicate the oil level at all room and operating
tenmperatures. Locate the gauges near the reservoirs in an approved,
accessi bl e location where they can be easily read. Each oil-Ilevel gauge
nmust have adj ustable high and | ow oil-1evel ungrounded al arm contacts
suitable for 120 volts ac.

.6 Pl PI NG

Desi gn and furnish all piping systems within the notor for bearings,

i ncluding valves and fittings. Bring these connections out to approved
positions at the bottomof the stator frane. Cean all piping inside and
cap for protection where ending in open connections for other work.

Val ves and ot her operating devi ces nust be easily accessible, and nount
gauges and indi cating devices on a control panel as approved by the
Contracting Officer. Piping and fittings nmust be of copper or brass as
required. Valves nust have bronze seats and stens and nust be suitable
for the service intended. At all points where the piping systemnust be
di sconnected for disnantling operations, provide bolted flange connections
or unions. Arrange piping and | ocation of valves and joints to mninze
di sturbance to piping or interference with other service when the nmotor is
di smantl ed or parts are renmoved for inspection or repairs.

.7  WNDI NG SPACE HEATERS

EE R R R I R R R R I R S R R R R O S R R S I R R R R R S R R R R

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
preventi on of noisture condensation on the station
equi pnent .

EE R I R R S I R R R I R I R S R R R R I R S I R R I R R R S R O S R R O

Install heaters in the |lower section of the frane or wap them around the
wi nding end turns. Design heaters for operation on 120 volts,

si ngl e-phase, 60-Hz, alternating current and with sufficient capacity or
wattage that, when energized, they will hold the tenperature of the notor
wi ndi ngs approxi nately 10 degrees C above the anbient tenperature.

Heat ers must be de-energi zed when notor is operating.

7.1 Constructi on

The heaters, except for wap-around type, nust be of the tubular type,
constructed with a chrome-nickel heating el ement enbedded in a refractory
insulating material, and encased in an approved watertight netal sheath.
Desi gn heaters for continuous operation with a maxi mumwatt density of 20
watts per square inch. The rate of heat dissipation nust be uniform

t hroughout the effective Iength of the heater. Cartridge-type heaters of
equi val ent construction, as approved by the Contracting Officer, will be
acceptable. Heaters installed around the w nding end turns nust consi st
of the required turns of heating cable wapped around the end turns and
secured in place before the winding is inpregnated.
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2.

.7.2 El enent

Heating el ement must conformto the requirements of ASTM B344 for an 80
percent nickel and 20 percent chrom um all oy.

.7.3 Sheat h

Sheat h nust be of a corrosion-resisting, nonoxidizing netal and nust have
a wall thickness not |ess than 0.625 mr 0.025 inch.

.7.4 I nsul ati on

Insul ation nust be a granular mineral refractory material, highly
resistant to heat, and nust have a mni num specific resistance of 1,000
megohns per inch cubed at 585 degrees C 1,000 degrees F. Insulation for
t he heating cable (w nding wap-around type heaters) nust be suitable for
a conductor tenperature of 180 degrees C 356 degrees F

.7.5 Term nal s

Term nal s of the heater, including the |eads, nmust be watertight. Provide
heater terminals with | eads suitable for naking connections to a separate
dri p-proof term nal box located on the motor franme. The term nal box mnust
be readily accessible through the crating, so that wi nding heaters can be
energi zed while notors are in storage.

.8 MAI N LEADS AND TERM NAL BOX
.8.1 Stator Term nal s

Insul ated term nal |eads nust receive a treatnent equal to that of the
notor winding. Bring six |eads out of the stator frame and nake
connections for the current transfornmers in paragraph ACCESSORY W RI NG AND
BOXES. Provide termnal |lugs for connection to the notor shielded

si ngl e-conduct or supply wiring.

.8.2 Stator Term nal Box

Provi de drip-proof cast iron or steel term nal boxes, treated in the sane
manner specified for frames to resist corrosion, for housing the stator

| ead connections, surge capacitors, surge arresters, and current
transformers. Boxes nust have adequate space to facilitate the
installation and mai nt enance of cabl es and equi pnment. Boxes nust have a

[ bolted] [hinged | ockable] cover providing unrestricted access, be nounted
on the notor frame, and have an auxiliary floor supporting structure, when
requi red, supplied by the notor manufacturer. Conduit entrance rust be
fromthe bottom Design the boxes to permt renoval of the nmotor supply

| eads when the notor is renoved. Provide a "H GH VOLTAGE | ] VOLTS'
war ni ng sign on the cover of the box. Wen |ooking down on the notor/punp
assenbly, locate the termnal box between | ] degrees and | ]

degrees [counter-] clockwi se fromthe discharge el bow of the punp.
Provided in the stator terminal box a ground bus and nmeans for external
connection to the station groundi ng system

9 SURGE PROTECTI ON

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: To obtain the npbst reliable protection for
2,300- and 4000-volt notors, surge capacitors and
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2.

2.

2.

arresters, nounted at the notor terminals, should be
specified. 1In addition, it is reconmended that
station-type arresters be installed on the Iine side
of the supply transforners.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

9.1 Surge Capacitors

Furnish and install, in the main term nal box, a three-pole capacitor unit
equi pped with built-in discharge resistors and using a non-pol ychl ori nat ed
bi phenyl (non-PCB) insulating medium Each pole nust be rated 0.5

m crofarad and [2,400] [4,160] volts line-to-line. Provide renovabl e bus

links for notor testing. These links nust be treated to resist corrosion

designed to naintain a positive contact, and have | ow contact resistance.

9.2 Surge Arresters

EE R R R S I R R I R I R I R S R R R R R R S R R I R I R R R R R R O

NOTE: Use 3,000 MCOV arresters for 2,400-volt
systenms or effectively grounded 4, 160-volt systens.
Use 4, 500- MCOV for ungrounded or resistance grounded
4,160-volt systemns.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

In the main termnal box, furnish and install surge arresters of the
station type with porcelain tops. The arresters nust be of the

nmet al - oxi de type rated [3,000] [4,500] [ ] maxi mum cont i nuous
operating voltage line-to-ground. Provide renovable bus |Iinks for notor
testing. These links nust be treated to resist corrosion, designed to
mai ntain a positive contact, and have | ow contact resistance.

.9.3 Space Heat er

I f recommended by the surge protection manufacturer, furnish a space
heat er of adequate capacity, rated 120 volts and install it in the

term nal box. Space heater nmaxi numwatt density nust not exceed 20 watts
per square inch.

10 CURRENT TRANSFORMERS

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: For notor differential protection, the

"Fl ux-Bal ancing Current Differential" schene, as
shown in Fig. 16 of I|EEE C37.96, is preferred and
will generally be applicable. In this case, the
wi ndowtype current transformers should be used.
However, when the KVA rating of a notor is

approxi nately one-half the supply transfornmer KVA
rating, or greater, it nay be necessary to use the
differential schene shown in Fig. 15 of | EEE C37. 96,
in which case the "Differential Protection" schemne
shoul d be used.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

Current transfornmer nust neet the applicable requirements of | EEE C57.13
and | EEE C37.96. [Do not ground][ Ground] secondary circuits at the notor.
Bring out to term nal blocks all |eads from each individual transfornmer.
Term nal bl ocks nust be of the dry or conpound-insul ated type. Provide
term nal blocks with a suitable neans of mounting and for grounding the
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franme. Connect each current transforner secondary lead to a ternina

bl ock of the short-circuiting type. Locate terninal blocks to permt
short-circuiting the secondary w ndings wi thout requiring access to the
primary bus conpartments. Plainly mark the polarity of the current
transformers. [Provide each notor with three indoor dry-type w ndow
transformers with single secondary and rated [50/5 anperes, 600 volts]

[ ]. Current transfornmers nust have mnimumfull-wave insulation

| evel of 10 kV and, when installed, nust neet the requirenents for a [60
kV] [ ] basic impulse level (BIL). Mount the transformers in the main
term nal box and arrange in the "flux-bal ancing" connection.] [Provide
each motor with three current transforners of rated [4,160] | ] and
[60 kV] [ ] basic inpulse level (BIL). Mount the transfornmers in the

mai n term nal box and connect in the we point of the winding for use with
differential relays.] Al current transforners nust be suitable for

conti nuous operation at the full-rated voltage and current at a frequency
of 60 Hz. Design all current transforners to wi thstand, w thout danage,
the thermal and nechanical stresses resulting fromshort-circuit currents
corresponding to ratings of the breakers in the circuits to which they are
connect ed.

11 ACCESSORY W RI NG AND BOXES

Except for current transformer |eads and field control |eads, term nate
all accessory wiring in an accessory term nal box. Boxes must be

dri p-proof and treated in the same nmanner specified for franes to resi st
corrosion. Furnish the accessory termnal box with a door hinged ful
length and nmounted on the notor in a |location approved by the Contracting
Oficer. Use rigid galvani zed steel conduit wherever practicable and
arrange to make rempoval unnecessary when the motor is dismantled. Provide
a wring diagramwi thin the enclosure for all circuits. Ildentify each
conductor with the designation shown on the diagram Terminate all wring
on termnal bl ocks as specified bel ow

11,1 Wring

Except as otherw se approved, all wiring nust be 125 degrees C rated

fl exi bl e copper conductors, No. 14 AWG mininum w th 600-volt insulation
The size and type of tenperature detector |eads nay be in accordance with
the manufacturer's standard practice and, where required, nust be suitable
for contact with lubricating oil. Connect each detector by three leads to
term nal bl ocks, with one wire connected to a conmon point on the bl ocks.
Separate the conmon point for the stator detectors fromthat for the

beari ng detectors.

11,2 Term nal Bl ocks

Al'l term nal bl ocks rmust be nol ded cl osed-back type as defined in

NEVA | CS 4, rated not | ess than 600 volts, and provided with covers. The
term nal s nmust be screwclanp type or stud-and-nut type. For circuit
designation, provide white or other light-colored marking strips, fastened
by screws to the nol ded sections at each bl ock. Permanently mark on a
strip the circuit designation or wire nunber for each connected terni na

of each block. Furnish with each bl ock reversible or spare marking strips
and at |east 10 percent spare term nals.

.12 JACKI NG PROVI SI ONS

Provi de suitable means for hydraulic jacking of the rotor to permt
i nspection, adjustnent, or renmpval of the thrust bearing. Make provisions
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for blocking the rotor in the fully raised position. The bl ocking device
nmust not require mai ntenance of hydraulic pressure on the jacks while the
assenbly is in the raised position

.13 SPECI AL TOOLS AND EQUI PMENT

Provi de special tools, jigs, fixtures, lifting tackle, and instrunents
whi ch may be necessary in assenbly, erection, operation, maintenance, and
repair of equipnent. Special tools and equi pnment are those the design
pur pose, and use of which are peculiar to equi pnent furnished and which
are not available fromnormal wholesale or retail outlets. The notor
manuf act urer nust provide hydraulic jacking devices as required in order
to pull the thrust bearing thrust collar fromthe upper end of the shaft.
The notor manufacturer nust furnish one conplete set of lifting
attachments such as detachabl e eyebolts or special slings for handling
various parts with a hoist.

.14 SET- DOMN FI XTURES

Furni sh one separate notor set-down fixture for each notor rating
supplied. This fixture, when installed on the operating floor, mnust
provi de sufficient clearance above the floor for the nmotor shaft and
coupling extending below the notor frane. The fixture nust be suitable
for holding the notor during assenbly and disassenbly. Furnish one
separate rotor set-down fixture for each notor rating supplied. The
fixture must hold the rotor in the horizontal position above the floor

wi t hout unduly stressing the rotor pole pieces or lam nations. Ship the
motor and rotor fixtures to the destination prior to the shipment of any
not or .

.15 FACTORY TESTS

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: The designer shoul d careful ly consider

whet her to allow the Contracting Oficer to waive
these tests. Decision should be based on expertise
inthe field within the Division or District.

EE R I R R S I R R R I R I R S R R R R I R S I R R I R R R S R O S R R O

G ve one notor of each rating and type, selected at random by the
Contracting O ficer, a conplete test. Check test the remainder of the
notors. Submit test reports recording all data, calculations, and curves
for each notor used. Al conplete tests will be [witnessed by the
Contracting Oficer][ unless waived in witing].

.15.1 Wt ness Test

When the Contractor is satisfied that a notor selected for a "Conplete
Test" perfornms in accordance with the requirenents of the specifications,
notify the Contracting O ficer and submt the tabul ated data,

cal cul ati ons, and curves required by paragraph COVWLETE TEST bel ow.

a. Subnmit nmotor design (characteristic) curves or tabul ated data
i ndicating the efficiency, current, and kilowatt input at rated
vol tage and 110 and 90 percent rated voltage, all plotted or tabul ated
agai nst torque or percent |oad as abscissas. Were values are given
in percentages all base values will be indicated.

b. Three weeks will be required, after receipt, to review the foregoing
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information. Should the witness test indicate that a notor does not
performin accordance with the requirenents of the specifications,
make changes or corrections and run new conplete witness tests, at no
addi ti onal cost to the Government.

EE R R R S I R R I R I R I I R S R R R O S R R I R I R R R R R R R

NOTE: Use final sentence only when the punp and
notor are furni shed under the sanme procurenent.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

c. Subnmit the notor torque curves plotted for the follow ng val ues of
voltage at the motor ternminals: [rated and 90 percent of rated
vol tage] [the output of a closed-transition autotransforner type
reduced-vol tage starter supplied at rated and 90 percent of rated
not or vol tage and connected on its [80] [65] percent tap]. [Plot the
punp torque curve for starting, accelerating, and synchroni zing
agai nst maxi num head. Furni sh conputations to denmponstrate that the
notor will pull into synchronismunder all of the foregoing
condi tions.]

2.15.2 Conpl et e Test

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: For the large notors (1118 kW 1,500 hp and
above), the efficiency is high, i.e. 95 percent at
1/2 to full load, however, efficiency varies with
notor design. In general, high efficiency notors
are not cost effective in the |arge size notors
covered by this specification. |If other than

manuf acturer's standard efficiency is required, the
desi gner should list those values in paragraph
FACTORY TEST.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

Submit certified results of a "Conplete Test" for duplicate equi pnent of

the respective rating and type. Test will be accepted in |ieu of the
"Conmpl ete Test" specified for equi pnent of the respective rating and
type. No substitute will be accepted for the "Check Test". Include the

following in the conplete test of a synchronous notor
a. Resistance of armature and field w ndings.
b. Polarity of field coils.

c. Hi gh-potential tests of armature and field w ndings in accordance wth
NEVA MG 1 paragraph 21.52.

d. Air gap neasurenent.
e. V-curves (for zero, 1/2, 3/4, and full |oad).

f. Deternmination of the subtransient, transient, and synchronous
react ance.

g. Conventional efficiency tests, in accordance with NEVA Ms lparagraph
21.44. Motor nust nmeet manufacturer's published efficiency criteria
for 1/2, 3/4, and full rated |l oads. Calculation of efficiency nust
i nclude [that portion of the thrust bearing | oss produced by the notor
itself] [bearing loss due to external thrust |oad].
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h. Tests to deternine tenperature rise in accordance with NEVA MG 1
par agraph 21. 40.

i. Insulation resistance-tenperature test, in accordance with | EEE 43.
Pl ot test result values on sem | ogarithm c graphs, the insulation
resi stance values as logarithm c ordinates and the tenperature val ues
as uni form absci ssas. Take readi ngs at approximately 10 degrees C
intervals. Determne tenmperature by the resistance nethod. Al so, for
conpari son purposes, plot on the same sheet a curve indicating the
saf e operating value of insulation resistance.

j. Noise level tests in accordance with NEMA Mz 1 paragraph 20-50.

k. Motor balance in accordance with NEVA M5 1 paragraph 20. 54.

. Conformance test in accordance with NEVMA MG 1 paragraph 20. 49.

m Torques. Performtorque tests in accordance with |EEE 115 to
denonstrate that the val ues specified in paragraph "Torques," wll be
nmet or exceeded.

2.15.3 Check Tests
Include the following in the check test of a synchronous notor and exciter
a. Routine test in accordance with NEVA M5 1 paragraph 21.51

b. Cold resistance neasurement.

c. Insulation resistance and wi nding tenperature at tinme the insulation
resi stance was neasured.

d. Conformance test in accordance with NEMA MG 1 paragraph 20. 49.
e. Mdtor balance in accordance with NEMA MG 1 paragraph 20. 54.

2.15. 4 Stator Wnding Coil Tests
Test all coils, either before or after they are placed in the slots, for
short circuits between turns of the individual coils by applying a high
frequency voltage of not Iess than 75 percent of the voltage for which the
machine is insulated, or by applying a surge test voltage of equival ent
value to the ternminals of each coil. Equivalent surge voltage nust be a
wave whose peak value is equal to 1.06 tinmes the voltage for which the
motor is insulated.

2.15.5 Space Heater Tests

Test at the factory each w nding space heater unit for successfu
operation and dielectric strength.

PART 3 EXECUTI ON
3.1 FI ELD QUALI TY CONTRCL

Performthe foll owi ng acceptance checks and tests in accordance with
NETA ATS section 7.15. 2.
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3.

1.1
(1)
(2)
(3)
(4)

(5)

(6)

(7)

(8)
(9)

Vi sual and Mechani cal | nspection
Conpar e equi prent nanepl ate data with draw ngs and specifications.
I nspect physical and nechani cal condition
I nspect anchorage, alignnent, and groundi ng.

I nspect air baffles, filter media, stator w ndings, stator core,
rotor, cooling fans, slip rings, brushes, brush rigging, and bearings.

I nspect bolted electrical connections for high resistance using a
| owresi stance ohmeter. Correct values which deviate by nore than 50
percent of the | owest val ue.

Perform speci al tests such as air-gap spaci ng and machi ne al i gnment.

Manual |y rotate the rotor and check for problens with the bearings or
shaft.

Rotate the shaft and measure and record the shaft extension runout.

Verify the application of appropriate lubrication and |ubrication
syst ens.

(10) Verify that resistance tenperature detector (RTD) circuits conformto

1.2

(1)

(2)

(3)
(4)
(5)

(6)

(7)

(8)

(9)

dr awi ngs.

El ectrical Tests
Performinsul ati on-resi stance tests in accordance with | EEE 43. Test
duration nust be [10 minutes][one minute]. The [polarization

i ndex] [dielectric-absorption ratio] nust be at least [2.0][1.4].

Performinsul ati on-resi stance test on insul ated bearings in accordance
wi th manufacturer’s published data.

Test surge protection devices.
Test notor starter.

Performresi stance tests on resistance tenperature detector (RTD)
circuits.

Verify operation of machi ne space heater
Performinsul ati on-resistance tests on the main rotating field

wi ndi ng, the exciter-field winding, and the exciter-arnmature w ndi ng
in accordance with | EEE 43.

Measure resistance of machine-field wi nding, exciter-stator w nding,
exciter-rotor wi ndings, and field discharge resistors.

Prior to re-energizing, apply voltage to the exciter supply and adj ust
exciter-field current to nanepl ate val ue.

(10) Verify that the field application tiner and the enable tiner for the

power -factor relay have been tested and set to the nmotor drive
manuf acturer’s recommended val ues.
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(11) Measure bearing tenperatures while nmachine is running under | oad.

-- End of Section --
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