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SECTION 35 20 20

ELECTRI CAL EQUI PMENT FOR GATE HO ST
05/ 22

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 covers the technica
requi renents for hoist applications using a
squirrel -type induction notor commonly used for
control gates for outlet works; penstock gates,
crest gates, spillway tainter gates, and other
simlar applications. This section was originally
devel oped for USACE Civil Wrks projects.

Adhere to UFC 1-300-02 Unified Facilities Guide
Speci fications (UFGS) Fornmat 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 requirenments 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

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 specification is to be used as a section
of a supply specification for the procurenent of

hoi sting equi pnment, or, with only m nor

nodi fication, it may be used as a section in a
general contract specification

The specification is general and covers all types
and ratings of hoist applications used by the Corps
of Engineers on Civil Wrks structures where a
squirrel cage induction-type hoist notor is used.
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The specification nmust be acconpani ed by a draw ng
or drawi ngs showi ng the schenatic w ring di agram of
the control systemfor the particular application
along with a description of the schene of operation
and illustrations showi ng the several itens of

el ectrical equipnrent.

In adapting this specification to any project, the
form and phraseol ogy will be changed as necessary to
properly specify the work contenpl ated. When
techni cal deviations fromthis specification are
consi dered necessary and the specification is not
submtted to Headquarters, US Arny Corps of

Engi neers (HQUSACE), for review, prior approval of
(HQUSACE) will be obtained. Instructions for the
preparati on and subm ssion of specifications for
approval are included in ER 1110-2-1200.

The el ectrical equi pnent requirenents contained
herein are based upon experience and i nformati on

gai ned fromsimlar equipnent now in service and are
consi dered the nost suitable for use on hydraulic
structures.

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

1.1 REFERENCES

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 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
thi s paragraph by organization, designation, date,
and title.

Use the Reference Wzard' s Check Reference feature
when you add a Reference ldentifier (RID) 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 IR I Sk S S I S S S I O R R R Rk S S Sk S O R R S Ik S I S R R Sk I O

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.

AVERI CAN SOCI ETY OF MECHANI CAL ENG NEERS ( ASME)

ASME Bl.1 (2003; R 2018) Unified Inch Screw Threads
(UN and UNR Thread Form
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ASTM

ASTM

| EEE

NETA

ANSI

NENVA

NENVA

NENVA

NENVA

NENVA

NENVA

NENVA

ASTM | NTERNATI ONAL (ASTM

A123/ A123M (2017) Standard Specification for Zinc
(Hot-Di p Gal vani zed) Coatings on Iron and
St eel Products

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

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

112 (2017) Standard Test Procedure for
Pol yphase I nduction Motors and Generators

| NTERNATI ONAL ELECTRI CAL TESTI NG ASSCOCI ATI ON ( NETA)

ATS (2021) Standard for Acceptance Testing
Specifications for Electrical Power
Equi pnent and Systens

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMR)

C80. 1 (2020) Anerican National Standard for
Electrical Rigid Steel Conduit (ERSC)

250 (2020) Encl osures for Electrical Equiprent
(1000 Vol ts Maxi mum

FB 1 (2014) Standard for Fittings, Cast Metal
Boxes, and Conduit Bodies for Conduit,
El ectrical Metallic Tubing, and Cable

ICS 1 (2022) Standard for Industrial Control and
Systenms: Ceneral Requirenents

ICS 2 (2000; R 2020) Industrial Control and
Systens Controllers, Contactors, and
Overl oad Rel ays Rated 600 V

ICS 5 (2017) Industrial Control and Systens:
Control Circuit and Pilot Devices

ICS 6 (1993; R 2016) Industrial Control and
Systenms: Encl osures

MG 1 (2021) Mdtors and Generators

U S. GENERAL SERVI CES ADM NI STRATI ON ( GSA)

ClI D A- A-50553 (2015; Rev B; Notice 1) Fitting for

UL 44

Conduit, Metal, Rigid (Thick-Wall and
Thi n-Wall (EMI) Type)

UNDERWRI TERS LABORATORI ES (UL)

(2018; Reprint May 2021) UL Standard for
Saf ety Thernoset-Insul ated Wres and Cabl es
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1

UL 489 (2016; Rev 2019) UL Standard for Safety
Mol ded- Case Circuit Breakers, Ml ded- Case
Swi tches and Circuit-Breaker Encl osures

UL 546 (2008) UL Qutline of Investigation for
Conduct or Termi nati on Conmpounds

.2 RELATED REQUI REMENTS

Section 25 05 11 CYBERSECURI TY FOR FACI LI TY- RELATED CONTRCL SYSTEMS and
Section 26 08 00 APPARATUS | NSPECTI ON AND TESTI NG appl vy.

.3 SYSTEM DESCRI PTI ON

Al'l equi prent furnished under these specifications will be subjected to
[ severe moisture] [noderately nmoist] conditions, [that operate over a
tenmperature range of | ] to | ] degrees C F,] and designed to

render it resistant to corrosion. The general requirenents to be followed
are specified below, any additional special treatnent or requirenent

consi dered necessary for any individual itemis specified under the
respective item

. 3.1 Fast eni ngs and Fittings

Where practicable, provide corrosion-resistant screws, bolts, nuts, pins,
studs, springs, washers, and other m scellaneous fastenings and fittings
or treat in an approved manner to render themresistant to corrosion

. 3.2 Corrosion-Resisting Materials

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

ni ckel - copper all oys are acceptable corrosion-resisting materials.
However, avoid contact between dissinilar nmetals as nmuch as practicabl e,
except where one of the dissimlar netals is steel or in the case of

Wi ring and connecti ons.

.3.3 Corrosion-Resisting Treatnents

Provi de hot-dip gal vani zing i n accordance with ASTM A123/ A123N or
ASTM A153/ A153l as applicable. Qher corrosion-resisting treatnents may
be used if approved by the Contracting Oficer

. 3.4 Frames, Encl osing Cases, and Housi ngs

Clean all surfaces of the enclosing cases or housings of controllers,
brakes, Iimt switches, control stations, and other simlar equipnent, if
other than plastic or stainless steel construction, of rust, grease, mll
scale, and dirt and then treated with an approved iron and zi nc phosphate
solution followed by rinsing with a chromi ¢ acid solution, bonderizing, or
equi val ent process. |Imrediately after rinsing and drying, apply one coat
of a zinc nmolybdate prinmer to the inside and outside surfaces and cure as
required. For itens of cast construction, the iron and zinc phosphate
treatment may be omitted.

3.5 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 npoist conditions exist, a
separate paint system should be specified using

SECTION 35 20 20 Page 7



Cvil Works Guide Specification UFGS Section 09 97 02
PAI NTI NG 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 I R R R S R R R R O

Apply a m nimum of two coats of paint to all equi pnent in accordance wth
t he manufacturer's standard process for the conditions specified.

1.4 SUBM TTALS

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: Review submittal description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list, and correspondi ng subnittal
items in the text, to reflect only the subnmttals
required for the project. The Guide Specification
techni cal editors have classified those itens that
requi re Government approval, due to their conplexity
or criticality, with a "G" Cenerally, other
submittal 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
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 (RVMS) 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 submttals required
as proof of conpliance for sustainability Quiding
Principles Validation or Third Party Certification
and as described in Section 01 33 00 SUBM TTAL
PRCOCEDURES.

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

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

Covernment approval is required for submittals with a "G or "S"
classification. Subnittals not having a "G' or "S" classification are
[for Contractor Quality Control approval.][for infornmation 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- 01 Preconstruction Submttals

SECTION 35 20 20 Page 8



Nami ng Convention; C, [ 11

SD- 02 Shop Drawi ngs

Controller; G, [ ]]

Limt Switch; C[, [____]]

Hoi st Motor; C[, [___ ]]
Control Station[s]; C[, [____ 1]

Br ake Encl osi ng Case

SD- 03 Product Data

Hoi st Mtor; C[, [___ ]

Brake; C[, [___ ]I

Programmable Limt Switch; ¢, [ 1]
Overload Relays; C[, [ ]]
Controller; ¢, [___ 1]

Control Station[s]; C[, [___ 1]
Wring

Conduct or s

Term nal Leads

Term nal Bl ocks

Motor nanmeplates; G, [ 1]

Equi prent and Door Naneplates; G, [ 1]
Conductive Corrosion |Inhibiting Conmpounds; ([,

Circuit Breakers; G, [ 1]

SD-06 Test Reports

Factory Testing;, G, [ 1]

Accept ance Checks and Tests; C, [ 1]

1.5 NAM NG CONVENTI ON

Subm t
bl ocks.

nmet hod of

SECTION 35 20 20 Page 9

i dentifying conductors, termnal |eads,

[ 11]

and terni nal



PART 2 PRODUCTS

2.

2.

1 HO ST MOTOR

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: Coordinate with the respective electrical or
nechani cal designers to ensure notors are not being
specified el sewhere in the contract docunents and

that all notor requirenents are satisfied.
EE IR I Sk S S I S S S I O R R R Rk S S Sk S O R R S Ik S I S R R Sk I O

Submit notor characteristics, curves or tabul ated data (tested or

cal cul ated), indicating the speed, power factor, efficiency, current and
kilowatt input, all plotted or tabul ated against torque or percent of
rated notor | oad.

a. Subnit calculations to determ ne the required horsepower rating of
each notor.

b. Subnmit detail ed descriptive specifications of the motor, with
necessary cuts, photographs, and drawings to clearly indicate the
construction of the machine. Place special enphasis on describing and
illustrating features of "lInsulated Wndings," "Wnding Heaters,"
"Bearings and Lubrication," and "Term nal Leads."

1.1 Mot or Type

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: \When a singl e-speed notor or two single-speed
notors in lieu of a two-speed nmotor is acceptable
for the application, the designer will specify NEMA
M5 1 standard design letter. The torque
requirenents listed in paragraph MOTOR LI M TS nust
be met, and the designer will verify that the design
specified is sufficient. Design "C' and "B' have a
5 percent or less slip linit and are used where | oad
inertiais lower. Design "D' has a 5 percent or
greater slip and nust be used where inertia is

high. Designs "B," "C " and "D' provide
progressively higher torques and get progressively
nore expensive. Design "B" will generally apply to
notors from 745 to 2240 W1 to 3 hp, design "C' to
notors between 2.24 to 11 kW 3 and 15 hp, and design
"D' for notors larger than 11 kW 15 hp. This a
general guide according to NEMA m ni num st andar ds
and may vary with manufacturer's specific equi pnment.

Total | y-encl osed notors can be used in outdoor

| ocations but are not suitable for submersion. At

reduced cost, dripproof encapsul ated construction

may be used in protected |ocations. Consult

manuf acturer's data for information on application
of this type nmotor to specific environnental

condi tions.

R I S Sk S S I I R I I R S S I
Provide a notor of the horizontal -shaft, squirrel-cage induction type

[two-speed, two-w nding, constant torque] [NEMA design [B] [C] [D],
designed for [full-voltage starting][adjustable speed drive operation],

SECTION 35 20 20 Page 10



2.

2.

2.

[of water-proof, totally enclosed, fan-cooled or nonventilated frane
construction],[dripproof, encapsul ated franme construction]. The notor mnust
conformto the applicable requirenents of NEMA MG 1. Ensure the weep hole
is at the |owest point of the notor for the intended installation

1.2 Mot or Rati ng

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

NOTE: For a two-speed notor, use single-voltage
rating. Specify load conditions when Contractor
designed. (Second Option) This specification covers
t hr ee- phase notors which are suitable for nost
applications and nust be used whenever possible.
When utility three-phase power is unavail able and
forces use of single-phase notors, this
specification may be nodified accordingly.

Ceneral ly, single-phase motors used for this
application should be bel owl9 kW 25 horsepower. The
torque lints should be carefully evaluated, and the
testing requirenents shoul d be changed. Pl ease
consult Engi neering Manual (EM 1110-2-2610.

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

[ The notor nust be rated | ] horsepower, | ] rpm synchronous speed
for the machi nery design shown on the drawings or, if the design is
changed as permtted by | ], nust have a horsepower rating as required
by performance requirenments specified to | 1.1 [The notor nust have a
hor sepower rating as required by the | oad conditions specified in

[ 1.1 The notor must be rated for continuous full-Ioad operation

wi t hout exceedi ng the standard tenmperature rise for the class of

i nsul ation and frane construction used, and it nust be wound for [ ]

[ 230/ 460] [460] volts, three-phase, 60-Hz.

1.3 Mot or Tor que

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

NOTE: The torque val ues are those required by
desi gn gui dance given in EM 1110-2-2610. The gate
design nust be coordinated with the requirenents of
this docunent to ensure that torque limts are net.
Reduci ng the upper limt or raising the lower limt
will result in significant cost increase and should
be avoi ded where ever possible.

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

1.3.1 Motor Limts

The torque limts for each individual w nding nmust be as foll ows:

a. Upper Limt: The upper limt of the torque between | ocked-rotor and
br eakdown nust be not nore than 280 percent of the rated full-Ioad
torque of the notor.

b. Lower Limt: The lower limt of the torque between | ocked-rotor and
br eakdown nust be as high as possi bl e consistent with good design but
not |less than 150 percent of the rated full-load torque of the notor.

c. Wen the characteristics of a notor or the winding of a nmotor results
in a speed torque curve wthout a definite value of breakdown torque,

SECTION 35 20 20 Page 11



the imtations on the mninumval ue of torque nmust apply between
| ocked-rotor and 75 percent of synchronous speed.

[2.1.3.2 Si ngl e- Speed Motor Limts

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: Permt the use of two single-speed notors in
lieu of a single two-speed notor where space is not
a concern, and a two-speed notor cannot neet the

Specl fications requi renents.
B R R R

Two singl e-speed notors may be used in lieu of a two-speed notor,
provi di ng the synchronous speed of the hi gh-speed notor is not nore than
1,800 rpms and the | owspeed motor will conformto the 50 percent
over-speed requirements of the high-speed notor

12.1.4 Franmes and Shafts

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

NOTE: Shafts of stainless steel nmay be specified in
lieu of manufacturer's standard treatment where
extremely corrosive atnospheres exist. The use of
stainless steel will change the notor design and

i ncrease the shaft dianeter at a significant cost.
Manuf acturer's shoul d be consulted before specifying
stainless steel in a given application

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

Si ze and di mensions of franmes nust conformto NEVMA M 1. Provide eye
bolts on all motors. Provide each notor with a drain-breather which mnust
be | ocated to prevent accunul ation of water inside the notor. Franmes nust
have corrosion prevention in accordance with the requirements of paragraph
CORROSI ON PREVENTI ON AND FI NI SH PAI NTI NG Exposed portions of shafts mnust
be treated with manufacturer's standard prinmer and two coats of noisture
proof varnish in accordance with the nmanufacturer's recomendati on

2.1.5 W ndi ngs and Insul ation

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: Sel ect insulation class based on NEVA
tenperature requirenents as follows

CLASS LI M TI NG TEMPERATURE (i n
degrees Cel sius)
B 130
F 155
H 180

Sel ection of insulation class should be left to the
Contractor when he is also responsible for notor
design, but in no case should it be |l ess than C ass
B. Cdass Fis typical

Desi gner will provide anbient tenperature val ues
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wher e possi bl e.

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

Insul ation nust be Class [B] [F] [H [B or better as required for design
conditions] with special noisture, [fungus], and oil proof treatnent.
Desi gn and construct notors to w thstand the environnental conditions
specified. The follow ng specifications describe the m ninmumrequirenents
for acceptable insulation and are not intended to restrict or prohibit the

use of materials or nethods which will give equal or better performance.
Tenperature rise nmust be no greater than [80] [ ] degrees C [176]
[ ] degrees F.

2.1.5.1 I nsul at ed W ndi ngs

Unl ess ot herwi se approved, conpletely assenble insulated wi ndings in the
nmotor core before inpregnating with the insulating compound. |Insulating
conpound nust be 100 percent solid. Use the vacuum i npregnation nethod
foll owed by baking to inpregnate the windings with the insulating
conpound. Repeat the procedure as often as necessary to fill in and sea
over the interstices of the winding, but in no case nmust the nunber of
di ps and bakes be less than two di ps and bakes when the vacuum met hod of
i mpregnation is used.

2.1.5.2 Magnet Wre

The nmagnet wire nust have an insulation or conbination of insulations with
an insulation thickness not |ess than that required for the environnent
specified and the tenmperature rating as required by the hot-spot
tenmperature of the notor

2.1.6 W ndi ng Heaters

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: Delete this paragraph and the requirenent for
"Wnding Heaters," if dripproof encapsul ated notor
is used. Additionally, the designer should consider
elimnation of winding heaters if possible in other
situations, i.e. where the probability of
condensation is low. In the past, heaters have been
a mai ntenance probl em and have been di sconnected by
proj ect personnel

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

A heater or heaters nmust be installed in the nmotor frame or end bells or
wr apped around the wi nding end turns. Heaters nust nmeet the requirenents
of paragraph HEATERS- GENERAL. Heaters installed around the w nding end
turns nust consist of the required turns of heating cable w apped around
the end turns and secured in place before the notor wi ndings are

i mpr egnat ed.

2.1.7 Beari ngs and Lubrication

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 use of seal ed bearings should be Iimted
to special applications. Sealed bearings do not
requi re as much mai ntenance but reduce the overal

life of the nptor.
EE IR I b R S I I I I IR I I I IR I I R S R I I I I R I R I I R R I I I I I I R R I S I S b E b I IR I R I R I S I I b b I b b I b I
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Provide the notors with antifriction bearings. The design of the housing
and net hod of assenmbly nust permt ready renoval of the end brackets and
prevent escape of lubricant and entrance of foreign materials. Bearings
must be fitted with bronze or other approved bushings to prevent any

bi ndi ng of nmoving parts. Approved antifriction bearings of corrosion
resisting constructi on nay be used. Bearings [nust be of an approved

prel ubricated type requiring no addition or change of lubrication for a
period of at least 5 years] [nust have fitted openings | ocated on the top
and bottom of the bearing housing. The openings nust be readily
accessi bl e for applying and draining the lubricant]. Pressure |ubrication
fittings may be used provided the housings are properly vented to prevent
damage to the seals. When the brake housing or other equipnent is to be
assenbl ed adjacent to or bolted to the notor end bell, provide suitable
filler and drain pipe extensions, with the ends properly fitted and easily
accessi ble. For those applications where the brake wheel is nounted on a
shaft extension on the front end of the notor, the bearing housing, or a
sui tabl e flange, nust provide a suitable surface and connecting neans to
all ow the fastening of the brake enclosure to the bearing housing (see

par agr aph BRAKE ENCLOSI NG CASE)

.1.8 Term nal Leads

Term nal s | eads nust extend outside the frane; must have insul ation

equi valent to that of the notor winding; nust be ternminated in a
two- pi ece, watertight term nal box secured rigidly to the notor franme; and
nust be suitably identified. Position and seal |eads where they pass
through the frame with a water-resistant seal of a synthetic rubber
material or a synthetic rubber gasket. Term nal box nust have threaded
conduit entrances on a mni mum of four sides.

.1.9 Machi ne Wor k

Machi ne work nust be accurate, of high quality, and in conformty wth
approved standard practice. Threads rmust be in accordance with ASMVE B1. 1.
Thread fittings nust be Cass 2. Threads on all body-bound bolts nust be
chased a sufficient Iength so that when the nut is tightened there will be
approxi nately one and one-half full threads under the nut. Provide al
bolts and cap screws with | ock washers.

.1.10 Desi gnati on and Mar ki ngs

Attach notor naneplates of a suitable corrosion-resisting nmaterial to the
frame of each notor. Mtor naneplates nmust indicate clearly the notor NEMA
tenperature and insulation class, continuous anperage rating, voltage
rating, operating frequency, rated RPM horsepower rating, nom na

ef ficiency, NEMA | ocked rotor code letter and serial nunmber. In addition
t he nanepl ate nust show a | ead connection diagram Identification or
serial nunbers nust be die stanped on the frane.

.1.11 Heat ers

.1.11.1 Heat er Rati ngs

Heat ers nmust be of such rating that, when energized, the tenmperature of
the windings or enclosure will be held approximately 10C above anbi ent.
They must be designed for 120 volts AC and for continuous operation under

the conditions of installation. The rate of heat dissipation nmust be
uni form t hroughout their effective |ength.
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2.1.11.2 I nsul ation

Insul ation for the heating cable (w nding wap around type) heaters nust
be suitable for a conductor tenperature of 180C.

2.1.11.3 Heater Term nals

The terminals of the heater, including the | eads, nmust be watertight. The
| eads must be terminated and sealed in a watertight ternmi nal box | ocated
as selected by the motor manufacturer. The method of sealing must be as
specified for the notor w nding | eads.

2.2 BRAKE

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: Coordinate with the respective electrical or
nmechani cal designers to ensure brakes are not being
specified el sewhere in the contract docunents and
that all brake requirenents are satisfied.

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

Submit detailed descriptive data covering the brake, with necessary cuts,
phot ographs, and drawi ngs to indicate clearly the construction of the
brake and the materials used. Include releasing device specifications and
characteristics, including input current mnimumvoltage required for
brake rel ease.

2.2.1 Brake Type

The brakes nust be of the shoe type, spring set, type and nust be
conpletely enclosed in a watertight and dusttight encl osing case arranged
for [floor nounting] [notor nounting].

2.2.2 Brake Rating

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

NOTE: Delete paragraph b. if constant torque

two- speed notor or a single-speed nmotor is specified.
ER R IR I I R R R R R I I I R R R R I I R R R R S I I I R R R R I I I I R R R S I I I R O I I I R R R S I I I

a. The brake nmust have a torque rating not |ess than 150 percent of the
full load torque of the notor when referred to the shaft on which the
brake wheel is nounted, efficiency of speed reducer not being considered.
The torque rating nust be based on open construction, [1-hour]

[ continuous] duty.

b. [The brake nust have a torque rating of [ ] pound-feet as shown on
the plans, or if the design is changed as permtted by | ], the brake
nmust have a torque rating not |ess than 150 percent of the full-Ioad

torque of the notor when referred to the shaft on which the brake wheel is
nmount ed, efficiency of speed reducer not being considered.] [For a

t wo- speed notor, conputer the rating fromthe full-load torque of the

| ow speed wi ndi ng of the notor.]

2.2.3 Adj ust nment
Provi de neans for varying torque required for holding. Additionally, the

brake must have means of adjusting the position of the shoes to conpensate
for wear, unless the design is such that conpensation for shoe wear is
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2.

2

autommti c.

2.4 Rel ease

.2.4.1 Rel easi ng Magnets and Rectifier

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: Coordi nate voltage requirenments with
par agr aph MOTOR RATI 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

The rel easi ng nagnets nust be of the DC or AC shunt type and of standard
stock design, suitable for operation on | ] [230] [460]-volt, 60-Hz,
AC el ectrical power. Supply direct current by neans of a self-contained
rectifier unit of proper rating. The conplete unit nust be suitable for
connection to the control circuit or the power circuit of the notor with
which the brake is used so that the brake will set or rel ease when the
notor i s deenergized or energized, respectively. The brake rel easing
magnet nust be rated in accordance with the brake rating requirenents of
par agraph MOTOR RATI NG The brake rel easi ng magnet nmust be sufficient to
rel ease and hold the brake in the rel eased position with 85 percent of
rated voltage inpressed on the incoming termnals. Wen a rectifier is
required, nount it in the notor controller enclosing case unless otherw se
not ed.

.2.4.2 Hand Rel ease

Provi de hand rel ease. Hand rel ease nust be operable only when the
encl osi ng case cover is rempved and nust be self-resetting.

.2.5 Termi nal Leads

Connecting leads fromthe rel easi ng magnet nust be extended outside the
encl osi ng case and rmust termnated on a term nal block |located in a
watertight term nal box. The term nal box nust be rigidly bolted or

equal ly secured to and on the outside of the lower or fixed half of the
encl osing case. The termnal box nust provide for conduit entrances on
four sides. Al conduit entrances to the brake term nal box nust be

t hreaded. The | eads inside the brake enclosing case nust be suitably
protected. Term nate encl osing case space heater |eads in the sane manner
in separate term nal boxes.

. 2.6 Br ake Encl osi ng Case

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: Manufacturers do not generally weld

encl osures. Welding required only where conditions
requi re substantial construction and costs may be
justified.

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

Submit di nensi oned outline drawi ngs showi ng specific relationshi ps and

cl earances between equi prrent and their conponent parts. The outdoor NENA
Type 4-watertight encl osing case nmust be [wel ded type] [in accordance with
the manufacturer's standard practice for the conditions indicated]. In
order that the brake mechanismwi |l be accessible from above, when the
upper half or cover of the enclosing case is renoved, the enclosing case
must be constructed to give equal accessibility to all portions of the
brake. Make the joint between the two halves with a synthetic rubber
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2.

gasket, not less than 6 mm 1/4 inch in width, and held in place by
enbedding in a groove or by other equally effective neans. For those
applications where the brake wheel is nounted on a shaft extension on the
front end of the notor, the enclosing case nust be arranged to permt
bolting to the bearing housing of the notor, the joint being made
watertight with a gasket. For those applications where the brake wheel is
nounted on a shaft of the operating nachine or on a flange and shaft
extension on the front end of the notor, suitable watertight seals nust be
provi ded on each part of the housing. The shaft seals must be arranged
for pressure lubrication and must be adjustable for alignment relative to
the shaft. An automatic drain breather, |located in a protected | ocation
nust be provided in the | ower part of the enclosing case. |If the drain
breat her cannot be located in a protected | ocation, the tapped hol e nust
be plugged and the drain furnished separately for installation in the
field. Provide enclosing case space heaters confornming to the applicable
part of paragraph HEATERS- GENERAL. The encl osing case must be treated to
render the steel resistant to corrosion as required by paragraph CORROSI ON
PREVENTI ON AND FI NI SH PAI NTI NG

2.7 Mechani cal Construction

Use no cast iron in brake construction, except for brake wheels, shoes,
and el ectrical parts. Al pins, fittings, and other m scell aneous smal
netal parts nust be of approved corrosion-resisting netal or nust be
treated to render them corrosion-resistant as required by paragraph
CORROSI ON PREVENTI ON AND FI NI SH PAI NTI NG Bearings nmust be fitted with
bronze or other approved bushings to prevent any binding of npbving parts.
Approved antifriction bearings of corrosion-resisting construction may be
used. Provide approved nmeans for lubrication for all bearings, unless
bearings are of an approved self- or prelubricated type. The nachi ne work
nmust conformto the requirenents for the notor with which the brake is
used.

.2.8 Desi gnati on and Mar ki ngs

Provi de and attach a naneplate of suitable corrosion-resisting material to
a part of the brake which ordinarily will not be renewed during its
service life. The naneplate nust conformto standard practice and clearly
i ndi cate the manufacturer's name, identification synbols, serial nunber,
and salient design features such as type, franme, torque, rating, voltage,
phase, and frequency. |If adjustment is required, pertinent information
for maki ng the adjustnments is necessary.

3 CONTRCOL SYSTEM

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 schene of control shown on the applicable
plate at the end of this docunment shoul d be retained
wher e possi bl e.

The Plates |listed bel ow, containing the rel ated
control sequences, are attached at the end of this
spec.

PLATE
NO. SUBJECT

1. Crest Gate, Electrical Control System (Wth
Approxi mately 300 mr 1.0 Foot |ncrements)
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2.

2. Crest Gate, Electrical Control System (Wth

Approxi mately 150 mr 0.5 Foot | ncrements)

R b I o

The schene

3. Crest Gate, Electrical Control System (Wth
Renote Control and Approxinately 300 mr 1.0 Foot
I ncrenent s)

4. Crest CGate, Electrical Control System (Wth
Renote Control and Approxi mately 150 mr 0.5 Foot
I ncrenent s)

5. CQutlet Control Gate, Electrical Control System
(Si ngl e- Speed Mot or)

6. CQutlet Control Gate, Electrical Control System
(Mul ti speed Mbtor)

7. Intake Gate, Electrical Control System

In sone instances, where control for a penstock

i ntake gate hoi st where the energency |ower contro
switch is to be located in the powerhouse, the

| ength of the connecting circuit may be such that
its mutual inductance may render the circuit
susceptible to false operation. 1In such cases, it
wi Il be necessary to use direct current and

i nterpose an additional control relay. The direct
current can be provided froma rectifier located in
the control cabinet or froma circuit on the power
house control battery.

Use Section 40 60 00 or sinmilar specification if PLC

control is required.
EIE IR Sk S I O Sk S R I kS O R S S Rk kI R R S Sk O S O S I

of operation of the [outlet control gate] [tainter gate]

[intake gate] hoist notor control system nust be as described and

i ndi cat ed.
swi tch[es],
acconpl i sh

The control system nust include the controller, Iimt
control station[s], and such other itens as may be required to
the operating features specified. Each itemnust be [installed

and] tested as specified and nust be conplete and ready for operation [,

when i nst al
operation.

| ed under another contract,] in accordance with the schene of

4 CONTROLLER

EIE R I

R b I o

EIE R I R S R R I R I I R I R I R R I R R O R S I R R R R I R O O

NOTE: Separate nmounting of the controller is

usual ly the preferred practice. Wen nmounting the
controller on the hoist frame is desired, the
Contractor will be required to submit a draw ng
showi ng the arrangenent of the controller and ot her
el ectrical equipnent on the hoist frame. |In this
case, the electrical equipnent should be wired in

t he shop conplete and ready for operation upon
bringi ng the power connection to the line side of

the controll er di sconnect sw tch.
EE R R I S I I I I I I I I b R R S I I R I I I R I I R I b R S R I I I b I R I R I S I R b I b I I I b b b b b
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2.

Submit a description of the operation schene, if other than herein

speci fied or shown on the draw ngs; a dinensioned outline drawi ngs show ng
specific rel ationshi ps and cl earances between equi pnrent and their
conponent parts, detail ed panel |ayouts, schematic wiring diagrans, and a
panel w ring di agram di nensi oned outline draw ngs show ng specific

rel ati onshi ps and cl earances between equi prent and their conponent parts.
Submit detailed descriptive data covering all conponent parts of the
controller.

4.1 Control l er Type

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

NOTE: Adjustable speed drives (ASD) are appropriate
for gates hoisted on each side and requiring skew
control. Full-voltage magnetic starters are
appropriate when using a torque shaft across the
gate or when using wound-rotor nmotors to forma
virtual shaft for skew control

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

The hoi st notor controller nust be[ an adjustable speed drive (ASD) in
accordance with Section 26 29 23 ADJUSTABLE SPEED DRI VES (ASD) SYSTENS
UNDER 600 VOLTS. The controller nust be][ of the full-voltage nagnetic
type] initiated by the push-button control station and controlled
automatically by a limt switch or limt switches. Linmt switch[es] nust
be driven by the hoi st nechani smor other auxiliary operating devices as
i ndicated or required to provide the sequence of operation specified or

i ndi cated on the plans.

.4.2 Prot ecti on

The controller must provide [under-voltage protection,] inverse-tine-limt
overl oad protection, or other protection as indicated or specified. [In
addition, the controller nust provide protection from single-phase
faults.] Acconplish the protection by suitable relays confornming to the
requi renents of paragraph RELAYS. COverload relays nmust provide protection
during both the starting and running condition, and provide neans to
manual |y reset the relays w thout opening the enclosing case of the
controller. Al forward and reversing contactors nust be electrically
interlocked. Controller disconnecting circuit breaker[s] mnust be
interlocked with the controller enclosing case access door to permt
opening or closing the access door only when the disconnect is in the
"OPEN' position

4.3 Encl osur e

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: When controller is nounted in a dry room or
gal l ery adjacent to the hoist equipnent adjacent to
t he hoi st equi pment, a NEMA Type 12, industrial -use
encl osure shoul d be specified and the draw ngs and
specifications revised accordingly. Hubs nust be
specified for all conduit entrances.

Wal |l nounting is generally the | east costly
alternative and shoul d be used whenever practical.

Desi gner must coordi nate padl ock requirements with
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| ocal physical security standards.

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

Encl osi ng cabi net nust be of the NEMA Type [3R [stainless steel]] [4
watertight [stainless steel] and noisture-resisting] [12 industrial use]
construction with interior dead-front panel neeting the requirenents of
NEMA | CS 6. Desi gn the encl osing cabinet for [floor nounting] [nmounting
on the hoist franme] [wall nounting]. Provide suitable padl ock eyes to
al l ow | ocki ng the exterior door in the closed position. Provide padl ocks,
conformng to [ ], with each controller and chained to the encl osing
case. The chain nust be of a nonferrous material resistant to corrosion
Use only front-connected devices, and clearances nust be in accordance
with NEMA ICS 1 requirenents. Provide threaded hubs for conduit entrance
of the welded-in type as indicated on the drawings or as required to make
the wiring connections. Provide an autonmatic breather-drain, not |ess
than 3/8-inch size and located in a protected | ocation and at the | owest
poi nt of the encl osure.

.4.4 Circuit Breakers

Provi de and assenble circuit breakers as shown on the draw ngs or
specified in the housing of each controller

.4.4.1 Circuit Breakers - Genera

Each circuit breaker nust be listed for UL 489. The circuit breakers mnust
be manual |y operated and nmust be of the instantaneous trip type, unless

ot herwi se specified or indicated on the drawings. Circuit breakers for
cabi net heaters, lights, and receptacles nust be of the inverse-tinme trip
type. Al poles of each breaker must operated sinultaneously by neans of
a common handl e and nust be enclosed in a common nol ded pl astic case. The
contacts of nultipole breakers must open sinultaneously when the breaker
is tripped manually or automatically. The operating handles rmust clearly
i ndi cate whet her the breakers are in "ON," "OFF," or "TRI PPED' position
Each circuit breaker must be externally operated [and interl ocked] as
specified in paragraph PROTECTION. Provide approved neans for padl ocking
t he breaker[s] operating handle in the "OFF" position. Provide a padl ock
of the sane type as specified in paragraph ENCLOSURE for each breaker[ and
chai ned the padlock to the enclosing case]. The circuit breakers nust be
products of only one manufacturer and nust be interchangeabl e when of the
same franme size.

.4.4.2 Trip Units

Except as otherw se indicated on the drawi ngs, provide the circuit
breakers with comnbination thermal and instantaneous magnetic trip units
unl ess otherwi se indicated. The mnimumfrane sizes and the trip unit
rati ngs nmust also be as required for the equi pnment controll ed.
Nonadj ust abl e i nstantaneous magnetic trip unit nust be set as

approxi nately 10 tinmes the continuous current ratings of the circuit

br eakers.

.4.4.3 480-Volt AC Circuits
Circuit breakers for 480-volt AC circuits nmust be rated 600 volts AC and

nmust have a mni mum NEMA interrupting capacity of 14,000 symetrica
anperes at 600 volts AC
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2.4.4.4 120-Volt AC Circuits

Circuit breakers for 120-volt AC circuits nmust be rated not |ess than
120/ 240 or 240 volts AC and nust have a mini num NEMA interrupting capacity
of 10,000 synmetrical anperes.

2.4.4.5 125-Volt DC Circuits

Circuit breakers for 125-volt DC circuits rmust be two-pole rated 125/250
or 250 volts DC and nust have a mni mum NEMA interrupting capacity of
[5,000] [10,000] anperes DC

2.4.5 Assenbly of Controller

Furni sh all necessary circuit breakers, contactors, relays, resistors,
interlocks, master switches, lint switches, or other devices required by
the scheme of operation. The panel for nounting the relays and contactors
nmust be sheet steel of sufficient thickness to provide rigid support for

t he equi pnent nounted thereon. G ve the steel panel a corrosion resisting
treatment in accordance with the requirenents of paragraph CORROSI ON
PREVENTI ON AND FI NI SH PAI NTI NG

2.4.5.1 Wring

Submit data sufficient to denonstrate that the proposed wire and cable
conformto these specifications. |Insulated wire must conformto the

requi renents of paragraph CONDUCTORS. Securely hold all wiring in place
and arrange in a neat and orderly manner in horizontal and vertical runs.
Protect with gromrets all wiring passing through steel gutters, unless the
openings in the steel gutter are forned to protect the wiring from

damage. [All controllers nmust be wired in |ike manner as to |ocation of
parts and phase sequence.] Neatly and legibly identify the wire and

term nal nunbers in an approved nmanner. Use term nal blocks for making
all external connections.

2.4.5.2 Term nal Bl ocks

Term nal bl ocks for control wiring nust be nolded type with barriers,
rated not |ess than 600 volts. Provide ternminal blocks with covers. The
term nal s nmust be renpovable, screw type, or of the stud type with contact
and | ocking nuts. The term nals nust not be less than No. 10 AWG i n si ze
and nust have sufficient |ength and space for connecting at |east two
indented termnals on No. 10 AWG conductors to each terminal. The

term nal arrangenent nust approved by the Contracting Oficer

a. Provide not less than 10 percent, but in no case less than 2, spare
term nals on each block. Term nal blocks for conductors |arger than
No. 10 AWG or with a capacity of nore than 30 anperes nust be adequate
for the purpose intended, having | ength and space for at |east two
i ndented terminals of the size required on the conductors to be
t er m nat ed.

b. For conductors rated nore than 50 anperes, all screws nust have
hexagonal heads. For conductors rated 50 to 99 anperes, the mininum
screw size nust be 8 mr 5/16 inch. Conducting parts between connected
term nal s nust have adequate contact surface and cross section to
operate w thout overheating.

c. Provide white or other light-colored marking strips, fastened by
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screws to the nol ded sections at each block, for circuit designation
Each connected term nal of each block rmust have the circuit
designation or wire nunber placed on the marking strip w th pernmanent
marking fluid. Furnish one reversible or one spare marking strip with
each bl ock.

2.4.6 Magnetic Contactors
2.4.6.1 Cont act or Rati ngs

Al'l heavy-duty magnetic contactors must be of the voltage rating indicated
on the drawi ngs or otherw se required. They nust have a horsepower rating
not |ess than the horsepower rating of the motor with which the controller
is to be used, but the contactor used nust not be smaller than NEVA, Size
1. The contactors nmust neet the requirenments of NEMA ICS 2 and have
continuous current ratings for the duty indicated. Contactors mnust be
suitable for at |east 200,000 conpl ete operations under rated | oad w t hout
nore than routine naintenance. They nust operate successfully on 10
percent over-voltage and 15 percent under-voltage. The interrupting
capacity nust conformto NEMA standards. Provide nmechanical interlocking
bet ween contactors as indicated or required and w thout any nechanica
attachment between the interlocking nechani smand the noving parts of the
contactor, unless otherw se approved by the Contracting O ficer

2.4.6.2 Arcing Protection

For each pole, the interruption arc and flame nust be m nim zed by
suitable arc chutes or other nmeans so that no danage will be done to other
portions of the device. The arc chutes, if provided, nust be easily
renmovabl e wit hout renoving or dismantling other parts.

2.4.6.3 Cont actors

Al'l current carrying surfaces nmust be of a silver alloy or of copper faced
with a silver alloy and nust be easily accessible and renmovabl e for

repl acenent. Contactor nust operate w thout chatter or perceptible noise
whil e energized. Coils nust be suitable for continuous operation on the
vol tage specified.

2.4.6.4 Constructi on

Provi de each contactor with a mninmum of three auxiliary contacts which
may be easily changed fromnormally open to normally closed. Construct
contactor to prevent corrosion in accordance wth paragraph CORROSI ON
PREVENTI ON AND FI NI SH PAI NTI NG

2.4.7 Rel ays

2.4.7.1 Contro

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 nunerical portion of the contact rating
i ndi cates the maxi num operating voltage (e.g. 600
for 600 volts). The letter portion indicates the
maxi mum operating current and AC or DC. Over-sizing
the current rating will increase the |ife of the
contacts. See NEMA ICS 5. Choose A600 for the

hi ghest-rated contacts on AC control circuits.
Choose N600 for the highest-rated contacts on DC
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control circuits.

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

Control relay devices nust meet applicable requirements of NEMA ICS 5 for
Cl ass [ A600] [ N60O0O] contacts. Al contacts nust be of a silver alloy or
copper faced with a silver alloy.

L 4.7.2 Overl oad

Overl oad relays nmust nmeet the requirenments of NEMA ICS 2 rated C ass
[20][_]. Relays nmust be the adjustable electronic type with normally
closed control circuit contacts having a pilot and control circuit contact
rati ng per paragraph CONTROL. Overload relays nmust have conbi nati on nanua
and automatic-type reset. They must have inverse-tinme tripping
characteristics simulating the heating characteristics of the notor, nust
protect the notor against exceeding its specified tenperature rise under
any overload, stalled rotor, or single-phase condition, and rust be

sel f-protecting under all conditions, except short circuit. The relay nust
neasure the current and el ectronically nodel the notor's thernmal condition

The neans of adjusting the nominal rating nmust be sufficiently accurate to
all ow setting the relay at the full-load current value of the notor with
whi ch used. Reset nechanismnust be trip free and arranged for manua
reset in accordance wi th paragraph PROTECTI ON, unless automatic reset is

i ndi cated. Design the reset nechanismto permt changing from nanual to
autonmatic reset or vice versa without the use of special tools. Submt
curves showing the overload relay tripping time versus current
characteristics of the overload relays for the controller

.4.8 Control Transforner

The control transformer nust be a standard, single-phase, 60-Hz, dry-type,
[480][ _]-120 volts, and with kVA rating sufficient to supply the contro
[and heater] circuits.

. 4.9 Control Voltage
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NOTE: Control circuits and pilot devices operating
under 50 volts are safer for operating and
mai nt enance personnel per NFPA 70E
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Provi de a sw tched-node power supply for control circuits and pil ot
devi ces unl ess otherw se indicated for specific devices. Feed the power
supply fromthe control transforner. Qutput voltage nmust be [24 volts
DA [_].

.4.10 Control Circuit Breakers

The control circuit breakers must conformto the requirenents of paragraph
Cl RCU T BREAKERS, except that an external operating mechanismis not
required.

.4.11 I ndicating Lights

Indicating Iights nust be conplete with LED | anps, full-voltage with

i nternal power supplies, [push-to-test, ]Jand lens or color caps. Lens and
| anp nust be renovable fromthe front. They nust be suitable for flush or
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sem flush nmounting to the exterior cabinet door with [plastic][netallic]
bevel and size [20 mmM{[30m][ _]. Exterior mounting of the indication

lights nust meet the requirenent for the encl osure NEMA type. Use hinge
wire for connections between the indicator |lights and the term nal bl ock

.4.12 [ Plug Receptacle for Inching Pendant Control Switch
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NOTE: I nching pendant control switch in paragraph

I NCHI NG STATI ON, and receptacle is not required on
crest gates. Onmt requirement for receptacle on
control l er enclosure and nount receptacle on wall of
gate inspection roomif inspection roomis above

maxi mum f | ood.
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The receptacl e body nmust be weather resistant with threaded cap and gasket
conplete with polarized female contact unit, four-wire, five-pole,
grounded through shell and extra pole, and rated 30A, 460 volts.]

.4.13 Equi prent and Door Namepl at es

Submit schedul e of nameplates. Provide nanmeplates for the front of the
cabi net door and for each item of equipnment within the enclosure. Use
anodi zed al umi num stainless steel, or a lam nated plastic sheet with

bl ack surface layer and a white bottom |l ayer not |ess than 1/16 inch thick
for the nanmeplate material. Identify equipnent within the enclosure with
nanepl ates or other suitable marking on the equi pnent unit base or on the
panel .

.4.14 Heat er

[Where indicated,] [Each] control panel (s) rmust be provided with a
thernpstatically controlled electric heater capable of maintaining an

encl osure tenperature of [2] | ] degrees C [35] | ] degrees F when
continuously exposed to an anbi ent tenperature of | ] degrees C
degrees F.

.4.15 G oundi ng

Make t he ground connection for the controller enclosing cabinet by a

t hreaded post fitting which extends through the enclosure wall and which
is provided with fittings to connect No. 6 AWG stranded copper ground wire
both inside and outside the enclosure. |nside the enclosure, the ground
circuit rmust be extended with No. 6 AWG stranded copper wire fromthe
connector to the panel

5  CONTROL STATI O\ S

R S I S Sk R S S S S
NOTE: |If possible, select contact ratings greater
than the load to increase the lifespan of the
cont acts.
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Control station[s] must be of the push-button type and nust provide the
nunber of indicating Iights and individual sw tches of the type or types
requi red by the schene of operation. Enclosure nmust be NEVA 250 Type [ 3R]
[4 watertight [stainless steel]] [12 industrial use] construction. Al
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2.

contacts nust be of the double-break bridging type and nmust have a pil ot
and control circuit rating designation of [AB600][N600][_] in accordance
with NEMA ICS 5. Provide switch cases with threaded bosses for conduit or
cabl e connection and provide anple wiring space for conductors of the size
and insulation specified. Submt detailed descriptive data covering the
control station[s] for approval before fabrication. Data must include
schemati c diagrans, wring diagrans, |ayout draw ngs, and parts |ists.

5.1 Primary Station
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NOTE: Use padl ocked stop switch on all hoists
except intake gate hoists provided with renote
lowering. Intake gate hoists may use either padl ock
or "substantial netal cover" alternate. If netal
cover alternate is used, the energency |ower contact
"ELS" in parallel with the stop switch contact

shoul d be del et ed.
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NOTE: Use lanp colors in accordance with the
"safety" scheme of NFPA 79-2015 Table 10. 3. 3.

COLCR PURPCSE

Red Danger

Yel | ow ( Anber) War ni ng/ Caut i on
G een Saf e

Bl ue Mandat ory action
Clear, Wite, Gay, Black Unspeci fied
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Arange the primary station with the el enents stacked vertically and with

[ ]-inch conduit entrance fromthe bottom The station rmust provide
[ared indicating |ight and] [3] [4] operating rocker handl e-type push
buttons. Arrange the station starting at top with [a red |ight foll owed
by] the "RAISE," ["CONDU T OPEN, "] "LOWER," and "STOP" push buttons. The
station switch el enments nust have naneplates with the above designations.
[Provide the "STOP" switch with means of padlocking the switch in the stop
or in the open position.] [Provide the station with a substanti al

renovabl e or hinged netal cover which can be | ocked in the closed position
to prevent operation of the switch elenments.] The padl ock nust be chai ned
to the enclosing case with a chain nade of nonferrous naterial.

.5.2 Inching Station

Arrange the inching station with the elements stacked vertically and with
conduit entrance on the top for a cable clanp. The cable nmust be | ]
feet of five-conductor, No. 12 AWG portable cable with extra flexible
conductors, heat and noisture resistant insulation, and outer Neoprene
jacket. The station must have two rocker handl e-type push buttons. The

SECTION 35 20 20 Page 25
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switch el enments nust be designated "I NCH UP* and "I NCH DOMN' fromtop to
bottom respectively.

.6 PROGRAMVABLE LIM T SW TCH

Submit di nensioned outline drawing of the limt switch. Show on the
Drawi ngs specific relationships and cl earances between equi pment and their
conponent parts.

a. Subnmit all Iimt switch conputations used to deternmine the selection
of gear ratios and calibration for gate travel.

b. Submt conplete descriptive data covering the lint switch with
necessary cuts, photographs, and drawings to indicate clearly the
construction, materials used in the parts, rating, accuracy of
tripping and reset, method of adjustment, and safeguards.

.6.1 Nor mal Operation

The Iimt switch nust be the progranmable type with digital display and
nmust operate on [24 volts DC][120 volts AC]. It nust contain all the
contacts required for making and breaking all control and interl ocking
circuits necessary for the proper control and operation in the manner
speci fied or required.

.6.2 Construction

The Iimt switch nust be of conpact and rugged construction, totally

encl osed in a NEMA Type 12 case, and housed within the controller
enclosure. The digital display nust be visible without opening the

encl osure door. This viewing port in the door nust have a repl aceabl e
gasketed piece of clear plastic mounted to naintain the NEMA rating of the
encl osure. Provide the cover with cap screws or other approved neans for
readi | y breaking the cover free for renoval unless the gasket is so
designed that it will not stick. Al parts must be of corrosion-resisting
netal or treated in an approved manner to render it resistant to
corrosion. The switch nmust permit final adjustnent in the field. Provide
t apped bosses for making all conduit connections to the switch. Provide a
cl anp-type connector bolted to the outside of the case for naking ground
connecti ons.

.6.3 Swi t ches

Swi tches nust be solid state with current rating as required. Assenble or
conbi ne switches into operating units as indicated on the plans. Provide
themw th suitable terminals for connecting the external conductors.
Swi t ches nust provide one renpote digital readout. Each term nal nust be
suitably narked or tagged with the wire nunber shown on the contract

drawi ngs. Design the tripping nmechanismfor fail-safe operation and
resetting the contacts when noving in the reverse direction. The switch
must have an operator |ockout feature which pernits programmng only by
aut hori zed personnel .

6.4 Tr ansducer
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NOTE: Consider using a resolver if the point of
nmeasurenent is exposed to significant heat,
nmoi sture, or vibration because resolvers do not
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contain optics or electronics. However, encoder

f eedback systens are sinpler.
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The position sensor must be heavy-duty [resol ver][encoder] enclosed in a
out door NEMA 4 watertight enclosure. Provide a cable [chain] connector
for the enclosure which is suitable for No. 16 AWG shield tw sted pair

2.6.5 Accuracy of Trip and Reset
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NOTE: For installations where water control
requires gate travel of over 9 nm 30 feet,

neasur enent of gate travel may beconme nonli near

This is due to stretching of the wire rope. The
attachment point for measurenent of travel should be
as near the switch as possible and need not be at
the top of the gate. The designer nust investigate
possi bl e options, including use of chain and

additional |limt swtches.
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Design the switch el ements and operating nechanismof the limt switch to
provide uniformand accurate setting. The switch must accurately transmt
position within + 75 mm/- 3 inches and nust reset gate for drift exceeding
150 nmr 6 inches.

[2.7 OVERTRAVEL LIM T SW TCHES

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 S R R R R R

NOTE: The requirenents for positively-driven and

force-guided limt switches inply a safety style.
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Provi de dry-contact limt switches for overtravel protection. [The limt
swi tches nust be positively-driven with the nechanical force of the

hoi sting system nust be transmtted directly to the contacts to force them
open. The Iimt switches nust be force-guided with the contacts

nmechani cally linked to ensure the normally-open and normal | y-cl osed
contacts are not simultaneously closed.] Hardwire the normally-cl osed
contacts of the switches to the nmotor starting circuit. |Include

provi sions to backout of overtravel ed positions using nmonentary
pushbuttons to defeat the Iimt switch protection

12.8 W RE AND CONDUI T
2.8.1 Conductors

Conductors must be of anneal ed copper wire. |Insul ate copper conductors
with cross-linked thernposetting pol yethyl ene (XLPE) of type XHHW 2.
Conductors mjst be Class B or dass C stranding, except for hinge wire

whi ch nmust be Class D or K stranding. Unless otherw se specified, al

wire and cable for power and control nust be single conductor. Insulation
t hi ckness nust be that required for a rated circuit voltage of 0 to 600
volts. Apply a noisture resisting thernoplastic jacket over the insul ated
conductor. The nethod of acconplishnment nust be in accordance with the
current practice of the industry. Wre for power and notor circuits nust
have a current carrying capacity corresponding to the anmpere rating of the
circuit's circuit breaker and not |ess than No. 12 AWG and the full-I oad
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current of the motor or the circuit. Wre for control circuits nust not
be smaller than No. 14 AWG

2.8.2 Control Wre

Al control wire entirely within an encl osure nust be type SIS switchboard
wire neeting the requirenents of UL 44, Al other control wire nust be
type XHHW 2 wire neeting the requirenents of UL 44,

2.8.3 Condui t

Ri gi d steel conduit nust conformto ANSI C80.1 and rust be zinc-coated
(gal vani zed) both inside and outside by the hot-dip nethod.

2.8.4 Fittings

Conduit fittings nust conformto the requirements of NEVMA FB 1 and
Cl D A- A-50553.

[2.8.5 Conductive Corrosion |nhibiting Conpounds

Provi de conductive corrosion inhibiting conpounds neeting the requirenments
of UL 546. Compounds must be conpatible with al um num and copper
conductors, must inhibit oxidation at the conductor-to-connector

i nterface, and nust not danage the conductive or insulating naterials.

Provi de non-gritted conductive corrosion inhibiting conpound that are
non- petrol eum based and non-toxic and contain no grit filler. Ensure
non-gritted conductive corrosion inhibiting compound is specified by the
manuf acturer for application to the conductor-to-connector interface of
nmechani cal connectors such as bolted joints, flat-to-flat contact
surfaces, terminal and |lug tongues, and grooves of bolted parallel
connectors or clanps.

12.8.6 Assenbl y
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NOTE: For contracts where all conduit and wring
are furnished and installed by others, use paragraph
Ca

For contracts where all conduit and wiring are on

t he hoist and are furnished and installed under this
contract, use paragraph 'b.'

For contracts where the conduit and wiring on the
hoi st are furnished and installed under this
contract and the connections to renotely | ocated
itens are nade under a subsequent contract, use

S
par agraph 'c.
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Install the hoist notor, notor brake, controller, linmt switch, and
primary control station on the [hoist frane] [as shown on contract
dr awi ngs] .

[a. The conduit and wiring connections external to the items of

el ectrical equipnment previously mentioned will not be furnished or
installed under this contract.]
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[b. Furnish, install, conpletely connect, and nake ready for operation
the conduit and wiring connections external to these previously
mentioned itens of electrical equiprment. The conduit, wring, and
connections for the incomng power will be nade by others under a
subsequent contract.]

[c. Furnish, install, conpletely connect, and nake ready for opertation
the conduit and wiring connections external to these previously
nmentioned itens of electrical equipment which are installed on the
hoi st frame. The conduit and wiring connections to the remptely
| ocated control equi pmrent and the incom ng power connections wll be
made by others under a subsequent contract.]

d. Install all wiring in rigid hot-dip galvanized netal conduit wth
t hreaded-type fittings (Condul ets) and zinc-coated watertight outlet
and pull boxes. Securely mount and fasten the conduit to the hoi st
framework in a neat and worknmanli ke manner. Change direction of a
conduit run by neans of threaded-type fittings (Condulets) or factory
fabricated bends. Install the conduit to fit close to the hoist
framework. Use conduit unions whenever it is necessary to join
conduits that are to be turned right and left. No running threads
will be permitted. Carefully reamends of conduits. Al threaded
connections nust be nade up with electrically conductive coll oida
copper rust-inhibiting conpound or other suitable conmpound. Provide
separate conduit systens for power and control circuits. Gound the
entire conduit systemand instal so that any noisture will be drained
away fromterm nal boxes and equiprment. All conduit connections to
equi prent encl osures must be of the watertight threaded type. Provide
sui table "drain-breather" devices at all |ow points of the conduit
systemto prevent an accunul ation of water. Terninate all conductors
in an approved nanner. Use indented terminals on No. 12 AWG and
| arger conductors and termnate on screw or stud term nals. Use
toot hed | ock washers on all screw term nals, and use |ocking nuts or
| ock washers on all stud term nals.

2.9 FACTORY TESTI NG
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NOTE: |If designer elects to do operational tests of
t he gate hoi st equi pment, in conjunction with
testing of the hoist itself, the hoist specification
nunber nust be incl uded.
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G ve a conplete test of each item of equi prment furnished, one of each
rating and type and sel ected at random by the Contracting Oficer. Gve a
routine test of the remaining itens of equipnent. Al conplete tests
required herein will be witnessed by the Contracting O ficer, unless

wai ved in witing. Ship no equi pnent until it has been approved for

shi pnment by the Contracting Oficer. Notify the Contracting Oficer
sufficiently in advance of the date of the tests so that arrangenents can
be made for the Contracting Officer to be present at the tests. The test
equi pnment and the test nethods used nust conformto the applicable

requi renents of ANSI, |EEE, and NEMA standards and will be subject to the
approval of the Contracting Oficer. Subnit certified reports of al
conplete and routine tests, including conplete test data. Certified
copies of the results of a conplete test for duplicate equipment will be
accepted in lieu of the requirement of the conplete test specified.

SECTION 35 20 20 Page 29



Include analysis and interpretation of test results in reports, and
properly identify the test systens and naterials. Provide test reports
for "complete tests" on the notor, brake, and controller. Certified
copi es of "Conplete Tests" on duplicate equipment may be accepted with the
approval of the Contracting O ficer. No substitute will be accepted for
the routine test. The Contractor nust bear the cost of perforning al
tests include the cost in the price bid. [Performoperational tests on

t he equi pnent in conjunction with the tests specified in | ] for the
assenbl ed hoist.] [Performoperational tests on equiprment after it is
installed.] Performance curves indicating the results of the notor tests
nmust be furnished as foll ows:

a. Excitation Tests. Volts or percent of rated voltage as absci ssa vs.
anperes and watts as ordi nates.

b. [Inpedance Tests. Volts or percent of rated voltage as abscissa vs.
anperes and watts as ordi nates.

c. Performance Test. Torque or percent of rated horsepower output as
absci ssa vs. efficiency, power factor, anperes watts, and rpm or
percent slip as ordinates.

d. Speed-Torque Test. Torque in foot-pounds as abscissa vs. speed in rpm
or percent of synchronous speed as ordinates.

e. Tenperature Test. Tine in mnutes as abscissa vs. tenperature rise in
degrees C as ordi nate.

f. Insulation Resistance Test. Plot test result values on
sem | ogarithm c graphs, the insulation resistance val ues as
logarithm c ordinates, and the tenperature val ues as uniform absci ssa.

g. Include analysis and interpretation of test results in the routine
test reports and properly identify the test systens and materials. No
substitute will be accepted for the routine test. Provide test
reports for "routine tests" on the notor, brake, controller, limt
switch, [interrupter,] and wiring.

h. Submt description of "Interrupter” drive including copies of
di mensi oned outline drawing of the interrupter. Show on the Draw ngs
specific rel ationshi ps and cl earances between equi pnent and their
conponent parts.

.9.1 Mot or Tests

Performall tests in accordance with the requirenments of |EEE 112 for
t hr ee- phase i nducti on notors.

.9.1.1 Conpl ete Mbtor Tests

The conplete tests nust include the follow ng:
a. Excitation test.

b. Inpedance test.

c. Performance and speed-torque test (Prony brake or other approved
nmet hod) .
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The

.9.2

. 9. 2.

The

Tenperature test.

Insul ation resistance tests. Take neasurenents foll ow ng tenperature
test with readings taken at approximately 10C intervals. Tenperature
nmust be deternined by the resistance nethod.

Di el ectric test.

Col d and hot resistance measurenent.

Ef f ecti veness of encl osure.

Mot or wi ndi ng heater test.

(1) Successful operation.

(2) Dielectric.

.2 Routi ne Mbtor Tests

routine tests nmust include the foll ow ng:
Excitation test: (One point - no load, volts, anperes, and watts.)
| npedance test: (One point - half-voltage anperes and watts.)
CGeneral operation.
I nsul ation resistance - tenperature test (one point).
Resi st ance measurenents.
Di el ectric.
Mot or wi ndi ng heater test.
(1) Successful operation.
(2) Dielectric.
h. Interrupter.
Brake Tests
1 Conpl et e Brake Tests
conpl ete tests nmust include the foll ow ng:

Check operation of brake release at the specified rated brake torque
for rated and 85 percent terminal voltage.

Heat run on rel ease magnet at the specified rated brake torque and
vol t age.

I nsul ation resistance of rel ease nmagnet including | eads and term nal
bl ock.

Resi st ance neasurenents of rel ease.
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e. Dielectric test of release magnet including |eads and term nal bl ock.
f. Brake space heater test.
(1) Successful operation.
(2) Dielectric.
2.9.2.2 Routi ne Brake Tests

The routine tests of the brake nmust be the sane as specified in paragraph
COVWPLETE BRAKE TESTS, except that the heat run tests nust be omtted.

2.9.3 Controller Tests
2.9.3.1 Conpl ete Controller Tests

The conplete tests nust include all tests listed in paragraph ROUTI NE
CONTROLLER TESTS, and the foll ow ng:

a. FEffect of voltage and frequency variation.
b. Tenperature Test.
2.9.3.2 Routine Controller Tests
The routine tests nust include the foll ow ng:
a. Adjustment, fit, and material.
b. Successful operation.
c. Resistance.
d. Dielectric.
e. Insulation Resistance.
f. Encl osure space heater test.
(1) Successful operation.
(2) Dielectric.
2.9.4 Limt-Switch Tests
Test each limt switch in the manufacturer's shop by suitable neans,
simul ati ng service conditions, to ascertain that it will transmt the
correct information for the control sequence specified. |In addition, the
routine tests nust include the foll ow ng:
a. Adjustment, fit, and material.

b. Accuracy of trip and reset.

c. Successful operation.
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2.9.5 Wring Tests

Gve all wiring outside an enclosure a dielectric test follow ng
installation by applying, for 1 minute, a voltage test of 500 volts dc for
300-volt rated cable and 1000 volts dc for 600-volt rated cable. Apply
voltage to each circuit and ground and between each conductor and al

ot her conductors in the same conduit.

PART 3 EXECUTI ON
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NOTE: Designer should add a reference to this
Section in Part 3 of Section 26 08 00 APPARATUS
TESTI NG AND | NSPECTI ON
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3.1 FI ELD QUALI TY CONTRCL

Perf orm accept ance checks and tests in accordance with NETA ATS and
Section 26 08 00 APPARATUS | NSPECTI ON AND TESTI NG

3.1.1 Circuit Breakers
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NOTE: See UFC 3-560-01 for requirenents to perform
acceptance testing of certain overcurrent protective
devices in accordance with ANSI/NETA ATS. Field
testing with actual settings will denonstrate proper
trip timng and device operaton for arc flash
protection.

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

Performthe following tests for [each main breaker and each breaker rated
225 amps or higher.][each three-phase, nolded-case circuit breaker.]

A. Visual and Mechani cal | nspection
1. Conpare equi pnment naneplate data with drawi ngs and specifications.
2. I nspect physical and mechanical condition
3. Inspect anchorage, alignnent, and grounding.
4. Verify the unit is clean
5. Operate the circuit breaker to insure snooth operation

6. Inspect bolted electrical connections for high resistance using a
| ow resi stance ohmeter.

7. I nspect operating mechanism contacts, and arc chutes in unseal ed
units.

8. Perform adjustnents for final protective device settings in
accordance with the coordination study.

B. Electrical Tests

1. Performinsul ation-resi stance tests for one mnute on each pol e,
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phase-t o- phase and phase-to-ground with the circuit breaker closed,
and across each open pole. Apply voltage in accordance with

manuf acturer’s published data. In the absence of nmanufacturer’s
publ i shed data, use 500 volts dc for 300-volt systems and 1000 volts
for 600-volt systens and record the anbient tenperature. M ninum

i nsul ation resistance nmust be 25 Megohnms for 300-volt systens and 100
Megohns for 600-volt systens after correcting for tenperature in
accordance with NETA ATS Tabl e 100. 14.

2. Performa contact/pol e-resi stance test.
3. Determine long-tine pickup and delay by prinary current injection
4. Determne short-tinme pickup and delay by primary current injection

5. Determine ground-fault pickup and time delay by primary current
i njection.

6. Determine instantaneous pickup by primary current injection

7. Perform m ni mum pi ckup voltage tests on shunt trip and close coils
in accordance with manufacturer’s published data.

8. Verify correct operation of auxiliary features such as trip and
pi ckup indicators, zone interlocking, electrical close and trip
operation, trip-free, anti-punp function, and trip unit battery
condition. Reset all trip |logs and indicators.

9. Verify operation of charging nmechani sm
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Plate No. 1

CREST GATE
ELECTRI CAL CONTRCL SYSTEM
(Wth Approximately 1.0 Foot Increnents)
DESCRI PTI ON OF CONTROL SYSTEM

1. SCHEME OF OPERATI ON

a. GCeneral. The control systemfor the gate nust be as indicated by the
schematic control wiring diagram and as specified bel ow

b. Control Points. The operation of the hoist nmotor nust be controlled
by:

(1) A push button station |located on the gate hoist with nonentary
contacts designated "RAISE, "LOWNER " and "STOP."

(2) A push button station |ocated on the door of the controller

cabinet with nmonentary contacts designated "BACKOUT FROM RAI SE
OVER TRAVEL" and "BACKOUT FROM LOVNER OVER TRAVEL. "

c. Operating Features

(1) Actuation of the "RAISE'" and LOAER' contacts must provide seal-in
operation.

(2) Alimt switch geared or directly connected to the hoist machine,
nmust control the increnmental and stopping operations initiated

manual |y fromthe control station as described under sequence of
operation.

(3) Actuation of the "STOP' contact during any operation must stop
the hoist notor and set the brake.

2. SEQUENCE OF OPERATI ON
a. Raising
(1) Wen the gate is between the closed and the internediate
position, each actuation of the "RAISE' contact will cause the
gate to raise approximately 1 foot and stop
(2) Wen the gate is at or above the intermedi ate position, actuation
of the "RAISE" contact will cause the gate to rai se continuously

to the raised position.

b. Lowering

(1) Wen the gate is between the over travel raised position and the

i nternedi ate position, actuation of the "LOMNER' contact will cause
the gate to | ower continuously to the internedi ate position and
st op.

(2) When the gate is at or belowthe intermediate position and is
above the closed position, each actuation of the "LOAER' cont act
will cause the gate to | ower approximately 1 foot and stop
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Over Travel. If during normal operation, the gate notor should fail
to stop when the gate reaches the raised or closed positions, the over
travel limt switch contacts nust stop the hoist notor after over
travel by de-energizing the "main" or "line" contactor of the
controller. To operate the gate after an over travel, the appropriate
backout must be held closed to permt operation of the gate only in
the direction away fromthe over travel position after operation of
either the "RAISE" or "LOWAER' contact on the primary control station.
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Pl ate No. 2

CREST GATE
ELECTRI CAL CONTRCL SYSTEM
(Wth Approximately 0.5 Foot Increnents)
DESCRI PTI ON OF CONTROL SYSTEM

1. SCHEME OF OPERATI ON

a. GCeneral. The control systemfor the gate nust be as indicated by the
schematic control wiring diagram and as specified bel ow

b. Control Points. The operation of the hoist nmotor nust be controlled
by:

(1) A push button station |located on the gate hoist with nonentary
contacts designated "RAISE," "LOMNER' and "STOP."

(2) A push button station |ocated on the door of the controller
cabinet with nmonentary contacts designated "BACKOUT FROM RAI SE
OVER TRAVEL" and "BACKOUT FROM LOMER OVER TRAVEL. "

c. Operating Features

(1) Actuation of the "RAISE" and "LONER' contacts must provide
seal -in operation.

(2) Alimt switch geared or directly connect to the hoist machine,
nmust control the increnmental and stopping operations initiated

manual |y fromthe control station as described under sequence of
operation.

(3) Actuation of the "STOP' contact during any operation must stop
the hoist notor and set the brake.

2. SEQUENCE OF OPERATI ON
a. Raising

(1) Wen the gate is between the closed position and the first
i nternedi ate position, each actuation of the "RAISE'" contact will
cause the gate to raise approximately 0.5 foot and stop

(2) Wen the gate is at or above the first internediate position and
is below the second intermedi ate position, each actuation of the

"RAI SE" contact will cause the gate to raise approximtely 1 foot
and st op.

(3) Wen the gate is at or above the second internedi ate position
actuation of the "RAISE" contact will cause the gate to raise
continuously to the raised position

b. Lowering

(1) Wen the gate is between the over travel raised position and the
second i ntermedi ate position, actuation of the "LOAER' contact
will cause the gate to |l ower continuously to the second
i nternedi ate position and stop
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(2) When the gate is at or below the second internedi ate position and
above the first intermedi ate position, each actuation of the
"LONER' contact will cause the gate to | ower approximtely 1 foot
and st op.

(3) Wen the gate is at or belowthe first internediate position and
is above the closed position, each actuation of the "LONER"
contact will cause the gate to | ower approximately 0.5 foot and
st op.

Over Travel. If during normal operation, the gate notor should fai

to stop when the gate reaches the raised or closed positions, the over
travel linmt switch contacts nust stop the hoist notor after over
travel by de-energizing the "main" or "line" contactor of the
controller. To operate gate after an over travel, the appropriate
backout switch contact nust be held closed to permt operation of the
gate only in the direction away fromthe over travel position after
operation of either the "RAISE" or "LOAER' contact on the primary
control station.
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Pl ate No. 3

CREST GATE
ELECTRI CAL CONTRCL SYSTEM
DESCRI PTI ON OF CONTROL SYSTEM
(Wth Renpte Control and Approximately 1.0 Foot Increnents)

1. SCHEME OF OPERATI ON

a. GCeneral. The control systemfor the gate nust be as indicated by the
schematic control wiring diagram and as specified bel ow

b. Control Points. The operation of the hoist nmotor nust be controlled
by:

(1) A push button selector switch station |ocated on the gate hoi st
wi th nomentary push button contacts designated "RAI SE', "LOMNER',
and "STOP" and selector switch contacts designated "LOCAL" and
" REMOTE. "

(2) A push button station |ocated on the door of the controller
cabinet with nonentary contacts designated "BACKOUT FROM RAI SE
OVER TRAVEL" and "BACKOUT FROM LOVER OVER TRAVEL. "

(3) A push button station, located on the spillway gate renote
control board with momentary contacts designated "RAl SE', "LONER',
and " STORP."

(4) A synchronous type indicator, located on the spillway gate renote
control board to show the gate position.

c. Operating Features

(1) Actuation of the "RAISE" and "LONER' contacts of the control
station[s] nust provide seal-in operation.

(2) The position of the "REMOTE- LOCAL" control switch will deternine
whi ch station is operative.

(3) The rempte control must utilize direct current interposing rel ays.
(4 Alimt switch geared or directly connected to the hoist nachine,
nmust control the increnmental and stopping operations initiated
manual |y fromthe control station as described under sequence of

operation.

(5) Actuation of the "STOP'" contact during any operation nust stop
the hoist notor and set the brake.

2. SEQUENCE OF OPERATI ON
a. Raising
(1) Wen the gate is between the closed position and the internedi ate
position, each actuation of the "RAISE' contact will cause the

gate to raise approximately 1 foot and stop.

(2) Wen the gate is at or above the intermedi ate position, actuation
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of the "RAISE" contact will cause the gate to raise continuously
to the raised position.

Loweri ng

(1) Wen the gate is between the over travel raised position and the
i nternedi ate position, actuation of the "LOMNER' contact will cause
the gate to | ower continuously to the internediate position and
st op.

(2) Wen the gate is at or belowthe intermedi ate position and is
above the closed position, each actuation of the "LOAER' contact
will cause the gate to | ower approximtely 1 foot and stop

Over Travel. If during normal operation, the gate notor should fai

to stop when the gate reaches the raised or closed positions, the over
travel limt switch contacts nust stop the hoist notor after over
travel by de-energizing the "main" or "line" contactor of the
controller. To operate the gate after an over travel, the appropriate
backout switch contact nust be held closed to permt operation of the
gate only in the direction away fromthe over travel position after
operation of either the "RAISE" or "LOAER'contact on the primary
control station.
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Pl ate No. 4

CREST GATE
ELECTRI CAL CONTRCL SYSTEM
DESCRI PTI ON OF CONTROL SYSTEM
(Wth Renpte Control and Approximately 0.5 Foot Increnents)

1. SCHEME OF OPERATI ON

a. GCeneral. The control systemfor the gate nust be as indicated by the
schematic control wiring diagram and as specified bel ow

b. Control Points. The operation of the hoist nmotor nust be controlled
by:

(1) A push button selector switch station |ocated on the gate hoi st
wi th nomentary push button contacts designated "RAI SE', "LOMNER',
and "STOP" and selector switch contacts designated "LOCAL" and
" REMOTE. "

(2) A push button station |ocated on the door of the controller
cabinet with nonentary contacts designated "BACKOUT FROM RAI SE
OVER TRAVEL" and "BACKOUT FROM LOVER OVER TRAVEL. "

(3) A push button station, located on the spillway gate renote
control board with momentary contacts designated "RAl SE', "LONER',
and " STORP."

(4) A synchronous type indicator, located on the spillway gate renote
control board to show the gate position.

c. Operating Features

(1) Actuation of the "RAISE" and "LONER' contacts of the control
station[s] nust provide seal-in operation.

(2) The position of the "REMOTE- LOCAL" control switch will deternine
whi ch station is operative.

(3) The rempte control must utilize direct current interposing rel ays.
(4 Alimt switch geared or directly connected to the hoist nachine,
nmust control the increnmental and stopping operations initiated
manual |y fromthe control station as described under sequence of

operation.

(5) Actuation of the "STOP'" contact during any operation nust stop
the hoist notor and set the brake.

2. SEQUENCE OF OPERATI ON
a. Raising
(1) When the gate is between the closed position and the first
i nternedi ate position, each actuation of the "RAISE " contact will

cause the gate to raise approximately 0.5 foot and stop.

(2) Wen the gate is at or above the first internediate position and
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is below the second internedi ate position, each actuation of the
"RAI SE" contact will cause the gate to raise approximately 1 foot
and st op.

(3) Wen the gate is at or above the second intermedi ate position
actuation of the "RAISE" contact will cause the gate to raise
continuously to the raised position

Loweri ng

(1) Wen the gate is between the over travel raised position and the
second i ntermedi ate position, actuation of the "LOAER' contact
will cause the gate to | ower continuously to the second
i nternedi ate position and stop

(2) Wen the gate is at or below the second internedi ate position and
above the first intermedi ate position, each actuation of the
"LONER' contact will cause the gate to | ower approxinmately 1 foot
and st op.

(3) Wen the gate is at or belowthe first internediate position and
i s above the closed position, each actuation of the "LOAER
contact will cause the gate to | ower approximately 0.5 foot and
st op.

Over Travel. If during normal operation, the gate notor should fai

to stop when the gate reaches the raised or closed positions, the over
travel limt switch contacts nust stop the hoist notor after over
travel by de-energizing the "main" or "line" contactor of the
controller. To operate the gate after an over travel, the appropriate
backout switch contact nust be held closed to permt operation of the
gate only in the direction away fromthe over travel position after
operation of either the "RAISE'" or "LOAER' contact on the primry
control station.

SECTION 35 20 20 Page 42



Plate No. 5

QUTLET CONTROL DATE
ELECTRI CAL CONTRCL SYSTEM
DESCRI PTI ON OF CONTROL SYSTEM
(Si ngl e-speed Motor)

1. SCHEME OF OPERATI ON

a. GCeneral. The control systemfor the gate nust be as indicated by
schematic control wiring diagram and as specified bel ow

b. Control Points. The operation of the hoist nmotor nust be controlled
by:

(1) A push button station |located on the gate hoist with contacts
desi gnated "RAISE," "CONDU T OPEN," "LOWER, " and "STOP."

(2) A push button station |located on the gate hoist with nonentary
contacts designated "BACKOUT FROM LOAER OVER TRAVEL" and " BACKOUT
FROM RAI SE OVER TRAVEL. "

(3) A pendant push button station with nonentary contacts desi gnated
"I'NCH UP'" and "I NCH DOMN, " provided with a portabl e cable of
suitable length to pernit operation fromthe inspection room The
cable must terminate in a polarized plug matching receptacle
| ocated on nmotor controller cabinet or other suitable place.

c. Operating Features

(1) Actuation of the "RAISE', "CONDU T OPEN', and "LOWER' contacts of
t he push button station nust provide seal-in operation

(2) Actuation of the "INCH UP" and "I NCH DOMWN' contacts of the pedant
push button station nust not provide seal-in operation

(3) Actuation of the "STOP' contact during any operation nust stop
the hoi st notor and set the brake.

(4 Alimt switch geared to directly connected to the hoi st nachine
nmust control the increnmental and stopping operations initiated
manual |y fromthe control station as described under sequence of
operation.

2. SEQUENCE OF OPERATI ON
a. Raising
(1) Wen the gate is between the closed position and the raised
position, actuation of the "RAISE' contact will cause the gate to
open continuously to the raised position
(2) Wen the gate is between the closed position and the conduit open
position, actuation of the "CONDU T OPEN' contact will cause the
gate to open continuously to the conduit open position

b. Lowering. When the gate is between the over travel raised position
and the cl osed position, actuation of the "LOMNER' contact will cause
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the gate to | ower continuously to the closed position.

I nchi ng

(1) To raise the gate above the raised position the "I NCH UP" cont act
nmust be held closed. The gate will be stopped at upper inch
position by the linmt swtch

(2) To lower the gate when it is above the raised position the "I NCH
DOMN' contact must be held closed. The gate will be stopped at
the raised position by the limt swtch.

Over Travel

(1) Over travel limt switches nmust stop the driving notor if it
fails to stop at the raised or closed position on the gate.

(2) The "BACKOUT FROM LONER OVER TRAVEL" or "BACKOUT FROM RAlI SE OVER

TRAVEL" contact nust be held closed to operate the gate from over
travel closed and over travel raised, respectively.
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Pl ate No. 6

QUTLET CONTROL GATE
ELECTRI CAL CONTRCL SYSTEM
DESCRI PTI ON OF CONTROL SYSTEM
(Mul tispeed Motor)

1. SCHEME OF OPERATI ON

a. GCeneral. The control systemfor the gate nust be as indicated by the
schematic control wiring diagram and as specified bel ow

b. Control Points. The operation of the hoist nmotor nust be controlled
by:

(1) A push button station |located on the gate hoist with nmonentary
contacts designated "RAISE', "CONDUI T OPEN', "LOWER', and "STOP."

(2) A push button station |located on the gate hoist with nonentary
contacts designated "BACKOUT FROM LOAER OVER TRAVEL" and " BACKOUT
FROM RAI SE OVER TRAVEL. "

(3) A pendant push button station with nmonentary contacts designated
"I'NCH UP'" and "I NCH DOMN', provided with a portabl e cable of
suitable length to pernit operation fromthe inspection room The
cable nmust terminate in a polarized plug natching receptacle
| ocated on nmotor controller cabinet or other suitable place.

c. Operating Features

(1) Actuation of the "RAISE', "CONDU T OPEN', and "LOWER' contacts of
t he push button station nust provide seal-in operation.

(2) Actuation of the "INCH UP" and "I NCH DOMWN' contacts of the pedant
push button station nust not provide seal-in operation.

(3) Actuation of the "STOP' contact during any operation nust stop
the hoist notor and set the brake.

(4 Alimt switch geared to be directly connected to the hoi st
machi ne nmust control the incremental and stopping operations
initiated nanually fromthe control station as described under
sequence of operation.

2. SEQUENCE OF OPERATI ON
a. Raising

(1) Wen the gate is between the closed position and the raised
position, actuation of the "RAISE' contact will cause the gate to
open continuously at |ow speed to the conduit open position.

(2) Wen the gate is between the closed position and the conduit open
position, actuation of the "CONDU T OPEN' contact will cause the
gate to open continuously at | ow speed to the conduit open
position where the limt switch nust cause the gate to open
continuously at high speed to the raised position. (3) Wen the
gate is between the conduit open position and the raised position,
actuation of the "RAISED' contact will cause the gate to open
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continuously at high speed to the raised position
Loweri ng

(1) Wen the gate is between the over travel raised position and
conduit open position, actuation of the "LOANER' contact will cause
the gate to | ower continuously at high speed to the conduit open
position where the limt switch nust cause the gate to cl ose
continuously at |ow speed to the closed position

(2) Wen the gate is between the conduit open position and the cl osed
position, actuation of the "LOMNER' contact will cause the gate to
| ower continuously at |ow speed to the closed position

I nchi ng

(1) To raise the gate above the raised position the "I NCH UP" cont act
nmust be held closed. The gate will be stopped at upper inch
position by the linmt swtch

(2) To lower the gate when it is above the raised position the "I NCH
DOMWN' contact nust be hel d cl osed.

(3) The gate will be stopped at the raised position by the Iimt
switch.

Over Travel

(1) Over travel limt switches nmust stop the driving notor if it
fails to stop at the raised or closed position or the gate

(2) The "BACKOUT FROM LONER OVER TRAVEL" or "BACKOUT FROM RAlI SE OVER

TRAVEL" contact nust be held closed to operate the gate from over
travel closed and over travel raised, respectively.
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Pl ate No. 7

| NTAKE GATE
ELECTRI CAL CONTROL SYSTEM
DESCRI PTI ON OF CONTROL SYSTEM

1. SCHEME OF OPERATI ON

a. GCeneral. The control systemfor the gate nust be as indicated by the
schematic control wring diagram and as specified bel ow

b. Control Points. The operation of the hoist nmotor nust be controlled
by:

(1) A push button station |located on the gate hoist with nmonentary
contacts designated "RAISE," "LOWNER, " and "STOP."

(2) A push button station |ocated on the door of the controller with
nonentary contacts designated "BACKOUT FROM LONER OVER TRAVEL" and
" BACKOUT FROM RAI SE OVER TRAVEL. "

(3) A pendant push button station with nomentary contacts designate
"INCH UP'" and "I NCH DOMN, " provided with a portabl e cable of
suitable length to pernit operation fromthe inspection room The
cable nmust terminate in a polarized plug natching receptacle
| ocated on nmotor controller cabinet or other suitable place.

c. Operating Features

(1) Actuation of the "RAISE" and "LOWNER' contacts of the push button
station nmust provide seal-in operation

(2) Actuation of the "INCH UP" and "I NCH DOAN' contacts of the
pendant push button station nust not provide seal-in operation

(3) Actuation of the "CLOSE" contact of the energency | ower switch
nmust provide seal -in operation.

(4) Actuation of the "STOP' contact during any operation must stop
the hoist notor and set the brake.

(5) A "bal anced-pressure switch" with normally closed contact.

(6) Alimt switch geared or directly connected to the hoi st nachine
must control the incremental and stopping operations initiated
manual |y fromthe control station as described under sequence of
operation.

(7) Gate position indicating lights as follows:

(a) Ared light on push button station and with energency | ower
switch indicating gate is in normal operating position

(b) A green and blue light with enmergency |ower switch indicating
gate is in closed and raised position, respectively.

(c) Amanber light with energency |lower switch indicating gate is
cl osi ng.
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SEQUENCE OF OPERATI ON

Rai sing. Wen the gate is between the cl osed position and the raised
position, actuation of the "RAISE' contact will cause the gate to open
continuously to the raised position. |If there is a pressure

di fference between the two sides of the gate, the gate will stop at
the cracked position. After pressure is balanced actuation of the
"RAlI SE" contact will cause the gate to open to the raised position

Lowering. Wen the gate is between the over travel raised position
and the closed position, actuation of the "LOMNER' contact will cause
the gate to | ower continuously to the closed position.

Nor mal Operating Position

(1) The gate is placed in the normal operating position by either the
rai sing or |owering operation described above.

(2) The red light indicates the gate is in normal position

(3) Actuation of the "STOP'" contact of the push button station stops
t he gate.

Enmergency C osing. Wien the gate is between the nornal position and
the closed position, actuation of the "CLOSE" contact of the energency
lower switch will cause the gate to | ower continuously to the cl osed
posi tion.

I nchi ng

(1) To raise the gate above the raised position the "I NCH UP" contact
must be held closed. Gate will be stopped at upper inch position
by the limt swtch.

(2) To lower the gate when it is above the raised position the "I NCH
DOMN' contacts nust be held closed. Gate will be stopped at the
rai sed position by the limt switch

Over Travel

(1) over travel limt switches nust stop the driving notor if it
fails to stop at the raised or closed position of the gate

(2) The "BACKOUT FROM LONER OVER TRAVEL" or "BACKOUT FROM RAlI SE OVER
TRAVEL" contact nust be held closed to operate the gate from over
travel closed and over travel raised, respectively.

-- End of Section --
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