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Genera
St andard Products
Hydraulic Cylinders (Standard Design)

.1
.2
.3
.4

Cyl i nder Tubes

Cyl i nder Heads and Caps

Pi st ons

Pi ston Rods (Standard Design)

Hydraulic Cylinders (Custom Design)
Hydraulic Cylinders (Corps Design)

d
I

Pi st on Rods (Corps Design)

Pi st ons

Pi ston Wear Ri ngs

O Ring Seals

Rod W per

[ Piston and] Piston Rod Seal s

Rod Seal d and and Locki ng Devi ce Fl ange
Hoi st Locki ng Device

raulic Power Unit

Reservoirs
Reservoir Heater
Magneti c Separators

Ai r Breather

Punps

Accunul ators
Filters
Gauges

.1
.2

Pressure Gauges
Ther nonet er

Val ves

.3

Bal | Val ves

Needl e Val ves

Control Val ves

Pressure Relief Val ves

Unl oadi ng Val ves

Supply Spring Loaded Check Val ves
Return Spring Loaded Check Val ves
Bl eeder Val ves

Pressure Snubbers

Count er bal ance Val ve

pi ng

Pi pe

Pi pe Fittings
Uni ons

Hydraul i ¢ Tubi ng
Tube Fittings
Hose

ol ts, Nuts, and Washers

Carbon Steel Bolts and Nuts
Stainless Steel Bolts and Nuts
Fl at Washers

Hydraulic Fluid
ELECTRI CAL EQUI PMENT
Condui t, Duct, and Accessories

1
2
3

[Plastic Coated] Rigid Metal Conduit
Conduit Fittings
Conduit and Cabi net Supports

Cabi nets and Boxes
Punp Mdtors

1

Rati ng
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SECTION 41 24 27.00 10

HYDRAULI C PONER SYSTEMS FOR CI VI L WORKS STRUCTURES
01/ 08
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NOTE: This guide specification covers the
requi renents for hydraulic power systems to operate
gates and ot her nechanisns at civil works structures.

Edit this guide specification for project specific
requi renents by addi ng, deleting, or revising text.
For bracketed itenms, choose applicable itens(s) or
insert appropriate information

Renmove information and requirenents not required in
respective project, whether or not brackets are
present.

Comment s and suggestions on this guide specification
are wel come and should be directed to the technica
proponent of the specification. A listing of
techni cal proponents, including their organization
designation and tel ephone nunber, is on the Internet.

Recommended changes to a UFGS should be submitted as
a Citeria Change Request (CCR)

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

PART 1 GENERAL

1.1 PRODUCTS | NSTALLED BUT NOT SUPPLI ED

EE R R I R R I R I R I R R I R I R I R I R R R I R R R I R R I R

NOTE: List all property which will be furnished to
the Contractor for installation. Materials and
equi prent which are purchased by supply contract by
the Governnent to be furnished to the Contractor
nmust be deleted fromother portions of this

speci fication.

EE R R I I R I I R I R R R I R I R I R I R R R I R I R R I R I R I R

Pursuant to Contract C ause GOVERNVENT- FURNI SHED PROPERTY ( SHORT FORM), the
CGovernment will furnish to the Contractor the followi ng property if
required, to be incorporated or installed in the work. Such property wll
be furnished at the project site and the Contractor shall accept delivery.
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Al'l such property shall be installed or incorporated into the work at the
expense of the Contractor. Verify the quantity and condition of such
CGover nrent - f ur ni shed property when delivered, acknow edge receipt thereof
inwiting and in case of danage to or shortage of such property, report
within 24 hours, in witing, such danmage or short age.

1.2 LUMP SUM PRI CES

Rk Ik kb Sk R IR Rk kS kR R Ok R Rk kb R Rk Ik kb R R o

NOTE: |If Section 01 22 00.00 10 MEASUREMENT AND
PAYMENT is included in the project specifications,
this paragraph title (LUVMP SUM PRI CES) shoul d be
deleted fromthis section and the remaining
appropriately edited subparagraphs bel ow shoul d be
inserted into Section 01 22 00.00 10.

R IR I S bk S b I S S O R kR Rk S bk S bk S b Rk S S bk b S S S

1.2.1 Paynment

Payment will be made for costs associated with the hydraulic power
systen(s) as specified.

1.2.2 Unit of Measure
Unit of neasure: |unp sum

1.3 REFERENCES

EE R R R I R I O R I R R I R I R I R I R R R I R I R R R R I R L

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
this paragraph by organi zation, designation, date,
and title.

Use the Reference Wzard's Check Reference feature
when you add a RI D outside of the Section's
Reference Article to automatically place the
reference in the Reference Article. Al so use the
Ref erence Wzard's Check Reference feature to update
the issue dates.

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

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

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

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to within the text by the
basi ¢ designation only.

AMERI CAN VELDI NG SCCI ETY ( AWS)

AWS D1.1/D1. 1M (2008; Errata 2009) Structural Welding
Code - Steel
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ASMVE | NTERNATI ONAL ( ASVE)

ASME B16. 11 (2005) Forged Fittings, Socket-Wlding and
Thr eaded

ASME B31.1 (2007; Addenda 2008) Power Pi pi ng

ASME B36. 19M (2004) Stainless Steel Pipe

ASME B40. 100 (2005) Pressure Gauges and Gauge
Attachnents

ASME BPVC SEC VI D1 (2007; Addenda 2008) Boiler and Pressure
Vessel Code; Section VIII, Pressure

Vessel s Division 1 - Basic Coverage

ASTM | NTERNATI ONAL ( ASTM

ASTM A 106/ A 106M (2008) Standard Specification for Seanl ess
Carbon Steel Pipe for High-Tenperature
Service

ASTM A 108 (2007) Standard Specification for Steel

Bar, Carbon and All oy, Cold-Finished

ASTM A 181/ A 181M (2006) Standard Specification for Carbon
St eel Forgings, for General -Purpose Piping

ASTM A 182/ A 182M (2008a) Standard Specification for Forged
or Rolled Alloy-Steel Pipe Flanges, Forged
Fittings, and Valves and Parts for
H gh- Tenperature Service

ASTM A 193/ A 193M (2008b) Standard Specification for
Al'l oy-Steel and Stainless Steel Bolting
Materials for Hi gh-Tenperature Service

ASTM A 194/ A 194M (2008b) Standard Specification for Carbon
and Alloy Steel Nuts for Bolts for
H gh- Pressure or Hi gh-Tenperature Servi ce,
or Both

ASTM A 216/ A 216M (2008) Standard Specification for Steel
Castings, Carbon, Suitable for Fusion
Wl di ng, for High-Tenperature Service

ASTM A 234/ A 234M (2007) Standard Specification for Piping
Fittings of Wought Carbon Steel and All oy
Steel for Mdderate and Hi gh Tenperature

Service

ASTM A 266/ A 266M (2003a; R 2008) Standard Specification for
Carbon Steel Forgings for Pressure Vessel
Conponent s

ASTM A 312/ A 312M (2008a) Standard Specification for

Seam ess, Wel ded, and Heavily Wbrked
Austenitic Stainless Steel Pipes
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ASTM A

ASTM A

ASTM A

ASTM A

ASTM A

ASTM A

ASTM A

ASTM A

ASTM A

ASTM A

ASTM A

ASTM B

ASTM B

ASTM D

ASTM F

ASTM G

325

325M

354

516/ A 516M

519

536

564/ A 564M

576

659/ A 659M

705/ A 705M

789/ A 789M

505/ B 505M

584

3951

844

85

(2009) Standard Specification for
Structural Bolts, Steel, Heat Treated,
120/ 105 ksi M nimum Tensile Strength

(2009) Standard Specification for
Structural Bolts, Steel, Heat Treated, 830
Mpa M ninum Tensile Strength (Metric)

(2007a) Standard Specification for
Quenched and Tenpered All oy Steel Bolts,
Studs, and O her Externally Threaded
Fast eners

(2006) Standard Specification for Pressure
Vessel Plates, Carbon Steel, for Moderate-
and Lower-Tenperature Service

(2006) Standard Specification for Seanl ess
Carbon and All oy Steel Mechanical Tubing

(1984e1; R 2004) Standard Specification
for Ductile Iron Castings

(2004) Standard Specification for
Hot - Rol | ed and Col d- Fi ni shed Age- Har deni ng
Stainless Steel Bars and Shapes

(1990b; R 2006) Standard Specification for
Steel Bars, Carbon, Hot-Wought, Special

Quality

(2008) Standard Specification for
Commercial Steel (CS), Sheet and Strip,
Carbon (0.16 Maxi mumto 0.25 Maxi num
Percent), Hot-Rolled

(1995; R 2004) Standard Specification for
Age- Har deni ng Stainl ess Steel Forgings

(2008b) Standard Specification for
Seanl ess and Wel ded Ferritic/Austenitic
Stainless Steel Tubing for General Service

(2008a) Standard Specification for
Copper - Base All oy Continuous Casti ngs

(2008a) Standard Specification for Copper
Al'l oy Sand Castings for GCeneral

Appl i cations

(1998; R 2004) Commercial Packagi ng

(2007a) Washers, Steel, Plain (Flat),
Unhar dened for CGeneral Use

(2002e1) Modified Salt Spray (Fog) Testing

SECTION 41 24 27.00 10 Page 7



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

| EEE C57.12.70

(2000; R 2006) Standard Term nal Markings
and Connections for Distribution and Power
Transforners

| NTERNATI ONAL ORGANI ZATI ON FOR STANDARDI ZATI ON (1 SO

| SO 1219-1

| SO 1219-2

| SO 16889

| SO 4021

| SO 5598

(2006) Fluid Power Systems and Components
Graphic Synbols and Circuit Diagrans Part
1. Graphic Synbols for Conventional Use
and Dat a- Processi ng Applications

(1995) Fluid Power Systems and Components
Graphic Synbols and Circuit Diagrans Part
2: Circuit Diagrans

(2008) Hydraulic Fluid Power - Milti-Pass
Met hod for Evaluating Filtration
Performance of a Filter El enent

(1992) Hydraulic Fluid Power - Particul ate
Cont ami nati on Anal ysis - Extraction of
Fluid Sanples fromLines of an Operating
System

(2008) Fluid Power Systems and Components
- Vocabul ary

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMVA)

NEMVA C80. 1

NEMA | CS 1

NEMA | CS 2

NEMA | CS 6

NEVA MG 1

NEMA RN 1

(2005) Standard for Electrical Rigid Steel
Condui t ( ERSC)

(2000; R 2005; R 2008) Standard for
I ndustrial Control and Systems Ceneral
Requi renment s

(2000; Errata 2002; R 2005; Errata 2006)
Standard for Industrial Control and
Systens: Controllers, Contractors, and
Overl oad Rel ays Rated Not More than 2000
Volts AC or 750 Volts DC. Part 8 -

Di sconnect Devices for Use in Industrial
Control Equi prent

(1993; R 2006) Standard for Industrial
Controls and Systens Encl osures

(2007; Errata 2008) Standard for Mtors
and Generators

(2005) Standard for Polyvinyl Chloride
(PVC) Externally Coated Gal vanized Rigid
Steel Conduit and Internedi ate Metal
Condui t
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NATI ONAL FLUI D POAER ASSOCI ATI ON ( NFLPA)

NFLPA T2.13.1 R4 (2007) Recommended Practice — Hydraulic
Fluid Power — Use O Fire Resistant Fluids
In Industrial Systens - Fifth Edition

NFLPA T2.24.1 R1 (2007) Hydraulic Fluid Power - Systens
Standard for Stationary Industrial
Machi nery; Suppl ement to | SO 4413

NFLPA T3.16.2 Rl (1997; R 2005) Hydraulic Fluid Power -
Desi gn for Nonintegral |ndustrial
Reservoirs

SCCI ETY OF AUTOMOTI VE ENG NEERS | NTERNATI ONAL ( SAE)

SAE ARP598 (2003; Rev C) Aerospace Mcroscopic Sizing
and Counting of Particul ate Contani nation
for Fluid Power Systens

SAE J1165 (1979; R 1986) Reporting d eanliness
Level s of Hydraulic Fluids

SAE J514 (2004) Hydraulic Tube Fittings
UNDERWRI TERS LABORATORI ES (UL)

UL 50 (2007) Standard for Enclosures for
El ectri cal Equi pnent

UL 6 (2007) Standard for Electrical Rigid Meta
Condui t - St eel

.4 SYSTEM DESCRI PTI ON

The work covered by this section of the specifications consists of detailed
requirements for the [design,] fabrication, shop assenbly, testing,
delivery, and installation of the hydraulic power systems for operation of
the [intake gates] [slide gates] [control gates] [tainter gates] [miter
gates] [butterfly valves] [hoisting equipment] | ] as specified and as
shown.

.5 DESI GN AND PERFORVANCE REQUI REMENTS

Rk bk b R IR Rk I kS S o S R AR I R R Rk Ik kR Sk I R SRRk b o b o

NOTE: Include this paragraph in the specifications
when the Contractor is required to furnish the
detail ed design of the system

EE R R I R R I R R R I I O R R R R R Sk S R Rk R I Rk S I I R R O

The contract draw ngs indicate the general arrangenent of the hydraulic
power system for operation of the [intake gates] [slide gates] [contro
gates] [tainter gates] [miter gates] [butterfly valves] [hoisting
equipnment] [__ ], clearances necessitated by the structure or other
equi prent, maxi mum overal | di mensi ons, and other pertinent features.
Furni sh the detailed design in conformity with NFLPA T2.24.1 R1, and the
followi ng design criteria.

SECTION 41 24 27.00 10 Page 9



1.5.1 Desi gn Paraneters

Rk Ik kb Sk R R IR R R I kI ARk Sk R R Rk I o b Sk kS R R Ik Sk b S R o

NOTE: List all design paraneters or criteria
required by the Contractor to design the hydraulic
power system Possible design criteria to consider

are:

a. Maximum operating pressure

b. Rated raising or retracting force
c. Rated lowering or extending force
d. Maximumraising or retracting tine
e. Maximumlowering or extending tinmne
f. Hoist stroke

g. Critical or limting di mensions

h. Operating tenperature range

i. Duty cycles

i Any ot her unusual features

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

The principal design paraneters for the hydraulic power systemare as
fol | ows:

1.5.2 Al | owabl e Stresses
1.5.2.1 Structural |tens

Structural itenms associated with the hydraulic power system such as
support beans, shall be designed to withstand the nmaxi mum force exerted by
the hydraulic cylinder plus any dead |oads with a factor of safety of 2
based on the yield strength of the materials invol ved.

1.5.2.2 Hydraulic Cylinders

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

NOTE: Use tel escopic hydraulic cylinders only for
special retrofit applications where regular single
or doubl e acting cylinders cannot be used.

Rk Rk bk R R IR Rk I kS S S S R R R Rk kb S R R Rk kS I S b S I R o

Design the [tel escopic] hydraulic cylinders to withstand the maxi num
operating pressure in the systemwith a factor of safety of 5, based on the
ultimate strength of the material, or 2, based on the yield strength of the
material. Apply a factor of safety of 3 to the conpression | oad when
designing the hydraulic cylinders to resist buckling.

1.5.2.3 Stress Concentration Factors
Stress concentration factors shall be used where applicable. Reduction of
al l owabl e stresses to conpensate for repeated cycles of |oading is not
required.

1.5.3 Connecti ons

1.5.3.1 Pi nned Connecti ons

Desi gn pi nned hydraulic cylinder connections for field assenbly as shown.
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1.5.3.2 Shop Connecti ons
Desi gn shop connections for assenmbly by means of welding or by bolting.
1.5.3.3 Wl ded Connections

Desi gn of wel ded connections shall be in accordance with the applicable
provi sions of AWS D1.1/D1. 1N except that provisions for repeated stress
will not be required. Hydraulic cylinders shall be welded in accordance
with ASME BPVC SEC VIII D1, Section VIII. Piping shall be welded in
accordance with ASME B31. 1.

1.5.3.4 Structural Bolted Connections

Structural bolted connections carrying primary | oads shall be nade with
ASTM A 325N ASTM A 325 bol ts.

1.6 SUBM TTALS

Rk Rk kR IR R R I I S o S S I Rk Ik Sk b o R R R R Rk Sk kS S I kb R R b o

NOTE: Review submittal description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list to reflect only the submittals
required for the project. Submittals should be kept
to the minimumrequired for adequate quality control.

A“G following a subnittal itemindicates that the
submittal requires Governnent approval. Sone
submittals are already marked with a “G'. Only
delete an existing “G" if the submttal itemis not
conpl ex and can be reviewed through the Contractor’s
Quality Control system Only add a “G if the
submittal is sufficiently inportant or conplex in
context of the project.

For submittals requiring Governnent approval on Arny
projects, a code of up to three characters within
the submittal tags nmay be used following the "G
designation to indicate the approving authority.
Codes for Arny projects using the Resident
Managenment System (RMB) are: "AE" for

Archi tect-Engi neer; "DO' for District Ofice

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

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

R IR I S bk O b I S S I S I Rk S S b S R Rk S b S S I bk b S bk R S

CGovernment approval is required for subnmittals with a "G' designation;
submittals not having a "G' designation are for [Contractor Quality Control
approval .][information only. When used, a designation following the "G
designation identifies the office that will review the submttal for the
Government.] The following shall be submitted in accordance with Section
01 33 00 SUBM TTAL PROCEDURES:
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SD- 02 Shop Drawi ngs
Schemati ¢ and Dr awi ngs
Schenatic and drawi ngs as specified.
SD- 03 Product Data

Mat eri al s and Mechani cal Equi prment
El ectrical Equi pnent

Manuf acturer's catal og data and descriptive literature for all
standard equi pnent and products to be incorporated in the work,
including all materials and equi pment specified in paragraphs
MATERI ALS AND MECHANI CAL EQUI PMENT and ELECTRI CAL EQUI PMENT.
Include in this data specifications and assenbly draw ngs show ng
sizes, ratings, parts and material lists, overall dinensions, and
nmount i ng di mensi ons.

System Descri ption
Desi gn and Perfornmance Requirenents

Desi gn conputations for all itenms which are to be designed by
t he Contractor.

Rk Ik kR IR Rk I kb S O I ARk Ik Ik b o R R R R Rk kb S I kb S R I R

NOTE: List all itens for which the Contractor shall
furni sh design conputations.

EE R I R I R R I R I R I R R I R I I R I R I R R R I R I R R R I R

Shop Assenbly and Testing

Procedures for shop testing for all testing outlined in
par agraph SHOP ASSEMBLY AND TESTI NG

Cl eaning and Fl ushing the System
Procedures for field cleaning and flushing as outlined in
par agr aph CLEANI NG AND FLUSHI NG THE SYSTEM and a detailed field
cl eani ng procedure not |ess than [ ] days before start of
cl eani ng operati ons.
Field Testing
Procedures for field testing as specified in paragraph FIELD
TESTING. Proposed testing program at |east 4 weeks prior to the
first schedul ed test, to ensure agreenent as to personnel required
and scope of the testing program
SD-06 Test Reports

Shop Tests
Field Tests

Operational test reports for all required shop testing and
testing of the equipnment after installation.

[ Pi ston Rods (Standard Design)]
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[ Pi ston Rods (Corps Design)]
Certified test report of the corrosion resistant test on ceramc
coating as specified in paragraph(s) [Pl STON RODS ( STANDARD
DESI GN)] [PI STON RODS (CORPS DESIGN) ] .
SD- 10 Operation and Mi ntenance Data
Operation and Mai nt enance
Operation and nai ntenance requirenent as specified.

s SCHENMATI C AND DRAW NGS

.7.1 Shop Draw ngs

Det ai | ed shop draw ngs shall include fabrication, shop assenbly, delivery,
and field installation drawings. Any conponent part of fabricated itens
omitted shall be detailed on the shop drawings. |If departures fromthe

contract drawi ngs are deened necessary by the Contractor, submt details of
such departures, including changes in related portions of the project and
reasons thereof, with the shop draw ngs.

. 7.2 Fabricati on Draw ngs

Provide fabrication drawi ngs for all nechanical and structural parts or
components, except those which are of standard manufacture. The draw ngs
shal | show conplete details of materials, tolerances, machi ned surface
finishes, connections, and proposed wel di ng sequences which differentiate
shop wel ds and field welds.

. 7.3 Shop Assenbly Draw ngs

Provi de shop assenbly drawings with details for connecting the adjoining
fabricated conponents in the shop to ensure satisfactory field installation

. 7.4 Hydraul i c Schematic

Hydraulic Schematic: Provide a conplete hydraulic schematic in accordance

with SO 1219-1 and |1 SO 1219-2. Al hydraulic conponents shall be shown on
the schematic, and all setpoint and size paraneters shall be indicated for

each conponent.

.7.5 Del i very Draw ngs

Provi de delivery drawi ngs with descriptions of nethods of delivering
conponents to the site, including details for supporting fabricated
conponents during shipping to prevent distortion or other danage.

.7.6 Field Install ati on Procedures

Provide field installation drawings with a detail ed description of the
field installation procedures. The description shall include the |ocation
and nethod of support of installation and handling equi pnent, the
provisions to be taken to protect concrete and other work during
installation, the method of maintaining conponents in correct alignnent,
and the methods for installing other appurtenant itens.
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1

1

8 DELI VERY, STORAGE, AND HANDLI NG
8.1 Packagi ng

The hydraulic power systens shall not be prepared for shiprment until they
have been inspected and accepted for shipnent at origin by the Contracting
O ficer, unless inspection has been waived in witing. Each hydraulic
power system or subassenbly shall be shipped conpletely assenbl ed. The
subassenbl i es shall be defined as the foll ow ng:

a. Hydraulic cylinders
b. Hydraulic power units
c. Piping assenblies

d. Control consoles

Provi de the subassenblies with adequate protective pads, supports, and

bl ocki ng and securely restrained to prevent distortion or damage to the

pai nted surfaces in transit. Any |loss or damage during shipment, including
damage to the painted surfaces, will be considered the responsibility of
the Contractor, and shall be replaced or repaired without cost to the
CGovernment. All accessories and spare parts shall be packed separately in
containers plainly marked "ACCESSORI ES ONLY," or "SPARE PARTS ONLY." A
packing list, listing the contents of each container, shall be placed in a
noi st ur e- proof envel ope and securely fastened to the outside of the
container. Standard commercial packaging in accordance with ASTM D 3951

wi Il be acceptabl e except where a different nethod or standard of packagi ng
is specified.

8.2 Shi ppi ng, Preservation, and Storage

R IR I S bk O bk I S kS I Sk kS Rk S bk S bk S b S R R Sk b S S Sk kS S S

NOTE: For very long cylinders, deflection of the
rod during shipnent nay cause danmage to the rod
and/ or bore of the cylinder. It is best to avoid
the use of internal rod support blocks. One
solution to this problemis to extend the rod a
short distance, provide a bracket so that the rod
cannot be retracted, and then pressurize the
undersi de of the piston so that the rod is in
tension. Also, shipping the cylinder filled with

oil will danmpen the noverment of the rod.
EE IR R I Sk I I I kS S O R R Sk kI kS R Rk kI S S kS kS

Packing, crating, cradles, etc., necessary to ensure safe shipnent are the
responsibility of the Contractor and shall becone the property of the
CGovernment upon delivery of the equipnment. The hydraulic cylinders shal
be [filled with the specified hydraulic fluid] [drained and purged with

ni trogen] and the piping connections sealed. [The shipping provisions
shal |l be such that the cylinders may be rotated in increnents of 90 degrees
during storage. Should the cylinders be stored by the Contractor during
fabrication, shipping, or at the worksite in the horizontal position nore
than 30 days, they shall be rotated every 30 days as follows: first 90
degrees, then 180 degrees, then 90 degrees, and then 180 degrees.]

[ Provi sions shall be nmade with external shipping devices to prevent danmage
to the cylinder and piston rod resulting fromthe rod flexing up and down
in the cylinder during transport. Internal rod supports are not
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acceptable. Submit a proposal for controlling novenent of the piston rod
for approval.] [Provide internal rod supports to prevent the rod from
defl ecti ng and damagi ng the rod and cylinder bore during handling and

shi pping.] Adequately protect nmachined surfaces from corrosion and

physi cal damage. Protect equi pnment delivered and placed in storage from
the weather, humdity, tenperature variation, dirt and dust, or other
cont am nant s.

1.9 WARRANTY

Al'l equi prent shal
accept ance.

be guaranteed for a period of 2 years fromthe date of
Repl acenent parts shall be guaranteed for 2 years from date of

repl acenent. Provide Warranty agai nst defective nmaterials, design, and

wor kmanshi p. I n cases where the equi prent manufacturer's advertised

m ni mum guarantee is in excess of 2 years, it shall remain in force for its

full period. Upon receipt of notice fromthe Government of failure of any

of the parts during the warranty period, new replacenent parts shall be

furni shed and installed pronptly at no additional cost to the Governnent.
1.10  OPERATI ON AND MAI NTENANCE
Furnish [ ] conplete sets of instructions containing the manufacturer's
operation and nmai ntenance instructions for each piece of equipnent to the
Contracting Oficer. Each set shall be permanently bound and shall have a
hard cover. Furnish one conplete set prior to field testing and the
remai ni ng sets shall be furnished before the contract is conpleted. The
followi ng identification shall be inscribed on the covers: "OPERATI NG AND
MAI NTENANCE | NSTRUCTIONS, " title of the project, location of the project,
the nane of the Contractor, and the contract nunber. A flysheet shall be
pl aced before instructions covering each subject. The instruction sheets
shal | be approximately 210 by 297 nmr 8 1/2 by 11 inches, with |arge sheets
of drawi ngs folded in. The instructions shall include, but not be linited
to, the foll ow ng:

a. A cross-section drawing of the hydraulic cylinder with parts |ist.

b. A systemlayout drawi ng showi ng the piping, valves, and controls.

c. A systemhydraulic schematic.

d. Electrical wiring and control diagrans.

e. Operating and nmi ntenance instructions.

f. Manufacturer's bulletins, catalog cuts, and descriptive data.

Provi de the Operation and M ntenance (O&VW Mnual with all infornmation

whi ch may be needed or useful for operation, naintenance, repair,

di smantling or assenmbling, and for identification of parts for ordering
repl acenents. The manual will be subject to approval. Furnish parts lists

and recommended spare parts in the quantities |listed bel ow

| TEM QUANTI TY
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PART 2 PRODUCTS

2.1 MATERI ALS AND MECHANI CAL EQUI PMENT

EE R I R R R R I R I R I R R I R I R I R I R R I R I R R R R R I R

NOTE: The contents of the follow ng paragraphs are
dependent on design requirenents which may
necessitate revision or expansion to cover different
condi tions and standards.

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

2.1.1 Cener a

Provide material s and mechani cal equi prent that conformto the requirenments
indicated or specified, and if not specified, furnish materials and
nechani cal equi pnment of the best commercial grade quality suited to the

i ntended use and as approved. The manufacturer's name, address, and
cat al og nunber shall be pernmanently di splayed on a nanepl ate securely
attached to each major item of equipnent.

2.1.2 St andard Products

Where itens are referred to hereinafter as "sinmilar and equal to" a
particul ar manufacturer's product, such references have been nade nerely as
a conveni ent method of indicating the type of material or equipnent
required, with no intention of asserting superiority thereof. The standard
product of any reputable manufacturer regularly engaged in the conmerci al
production of the type and quality of material or equipnment referred to

wi Il not be excluded on the basis of mnor differences, provided essentia
requirements of the specifications relative to materials, capacity, and
performance are met. |In accordance with paragraph SUBM TTALS, furnish for

approval , performance capacities and other pertinent informtion concerning
the manufacturer's "equal to" standard products intended for incorporation
in the work. "Equal to" standard products installed or used wi thout such
approval shall be at the risk of subsequent rejection

2.1.3 Hydraulic Cylinders (Standard Design)

R IR I S bk S b kS O Rk S kS IR Sk S b R Rk S S bk b S Sk S S

NOTE: Alternate 1 shall be used when hydraulic
cylinders of standard design and nanufacture are

required.
EE IR I Sk S b O S I S I R R Rk Ik S kS Rk S kS kR Sk

The hydraulic cylinder shall be one of the types listed in | SO 5598, and
specified or indicated, of tie rod design, square head standard
construction. The pressure rating of the cylinder shall not be | ess than
t he maxi mum system pressure indi cated. The nanufacturer shall produce

evi dence that each cylinder was hydrostatically tested to 200 percent of
the severest service rating and that dynamic seals are suitable for both
frequent and infrequent operation and are capable of not |ess than 500, 000
cycl es of operation in systens properly nmaintained. The bore, stroke, rod
di aneter, and nounting style of the cylinder shall be as indicated. The
hydraul i c cylinder shall have [adjustable] [nonadjustable] cushions on [the
cap end only] [the rod end only] [both ends]. [Cushions shall have free
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2.

reverse flow check valves.] The cylinder shall be provided with double end
rods where indicated and the piping ports shall be [ SAE straight thread
Oring] [SAE 4 bolt hydraulic flanges] [__ ].

.1.3.1 Cylinder Tubes

The cylinder tube shall be machined from ASTM A 519, G ade 1018, heavy wal |
seam ess steel tubing and shall have the bore honed to a surface finish
compatible with the seals being used so as to result in zero | eakage past
the seals.

.1.3.2 Cyl i nder Heads and Caps

The cylinder head and cap shall be fabricated from|[ASTM A 576, G ade 1018,
steel bar stock] [ASTM A 516/ A 516, Grade 60 plate] and machi ne finished
on all surfaces. The cylinder head shall be equipped with a rod seal and
external dirt wi per and shall have a rod bushing piloted into the head to
ensure concentricity. [Rod bushings shall be renopvable w thout the use of
special tools and without renoving the tie rods or cylinder head.]
Attachnment of the cylinder tube to the head and cap shall be by tie rods
having a mininumyield strength of 690 MPa 100,000 psi. Renovable
attachnents shall have the cylinder tube end seals arranged to seal with
pressure and shall be designed to prevent shearing and extrusion and to
provi de axial netal backup

.1.3.3 Pi st ons

The piston shall be precision fitted to the cylinder body bore. The piston
shall be [fine-grained cast iron] [__ ] and shall be designed and

equi pped with [zero | eakage cup-type seals] [bronze-filled

pol ytetrafl uoroet hyl ene seals with phenolic wear rings]. The design shal
protect the piston rings from bl ow out and oversqueezing. [Cup-type seals
shal |l be self-regulating and shall automatically conpensate for wear.]

.1.3.4 Pi ston Rods (Standard Desi gn)

The piston rod shall be made of [medi um carbon steel with a yield strength
of 620 to 690 MPa 90,000 to 100,000 psi for rods 16 through 100 mr 5/8
through 4 inches in diameter][620 to 760 MPa 90,000 to 110, 000 psi high
tensile strength steel using ASTM A 108, Type C 1045, for rods 16 to 63 nmr
5/8 to 2 1/2 inches in dianmeter, and ASTM A 108, Type CR 4140, for rods 75
to 250 mm 3 to 10 inches in dianeter]. [The rod shall be case hardened to
50-54 Rockwell C, polished to a 0.25 micrometer 10 m croi nch RVS surface
finish or better, and nickel and hard-chrone plated to 75 microneter 0.003
inch m nimum thickness.] [The rod shall be ceramic coated to 200 m croneter
0.008 inch mnimumthickness wth surface finish of 0.30 mcroneters 12
m croi nches RVS or better, surface hardness of 67 Rockwell C mi ninmum
i npact resistance of 7 to 15 Nnm 5 to 11 I b-ft, nodulus of elasticity of
360 to 415 GPa 52 x 106 to 60 x 106 psi, linear expansion coefficient of

7.2 X 10'6/degree C 4.0 X 10'6/degree F, and be capable of w thstanding a
fracture force of 280 MPa 41 ksi mininum The ceranic coating shal
provi de a honobgeneous, uninterrupted, non-conducting and inperneabl e |ayer
capabl e of providing corrosion resistance for a m ni mum of 1000 hours in
accordance with ASTM G 85. The use of sealers shall not be permitted. ]

1.4 Hydraulic Cylinders (Custom Design)

EZE IR R I R R I I R R R I I I R R R kS R Rk I R I Rk I I I R O S O

NOTES: Alternate 2 shall be used when the hydraulic
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2.

cylinders are to be custom designed by the
manuf acturer specifically for this project in
accordance with the design paraneters.

Tel escopic hydraulic cylinders shall be used only
for special retrofit applications where regul ar
single or double acting cylinders cannot be used.

Unl ess the designer needs to make the choices
because of unique criteria situations, the selection
of materials and configurations should renain as
Contractor's options.

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

The hydraulic cylinder shall be of the [single] [double] acting [

tel escopic] type designed and manufactured [to be used under water and] to
neet the criteria stated in paragraph DESI GN PARAMETERS. [ Tel escopic
cylinders may be either single or double wall as necessary to provide the
best operating characteristics.] Material for the hydraulic cylinder shal
be a high strength carbon or alloy steel. Cylinder tubes which have been
wel ded shall be stress relief heat treated and [all welds shall be

radi ographed i ncludi ng those on the end nounts] [designated welds shall be
radi ographed as indicated]. Material for the piston rod shall be a high
strength [carbon or alloy steel with nickel and chrone plating] [stainless
steel with chrome plating] [carbon or alloy steel with a ceram c coating]
[ ]. [The exterior of the extending rods and tubes on a tel escopic
cylinder shall be [nickel plated] [ceramic coated].] [The nickel plating
shall be a mnimumof 75 nmicroneters 0.003 inch thick and shall be a high
phosphorous, el ectrol ess nickel process designed for corrosion protection
The process shall be simlar and equal to Enplate N -425 by Enthone

I ncor porated whi ch has a phosphorous content of 10.5 percent to 12 percent
by weight.] [ The ceranmic coating shall have a 200 microneters 0.008 inch
m ni mum t hi ckness, surface finish of 0.30 microneters 12 mcroinches RVS
or better, surface hardness of 67 Rockwell C m ninmum inpact resistance of
7 to 15 N 5to 11 I b-ft, nodulus of elasticity of 360 to 415 GPa 52 x 106

to 60 x 106 psi, |linear expansion coefficient of 7.2 x 10'6/degree C 4.0 X

10'6/degree F, and be capable of withstanding a fracture force of 280 MPa
41 ksi mnimum The ceranic coating shall provide a honogeneous,

uni nterrupt ed, non-conducting and i nperneabl e | ayer capabl e of providing
corrosion resistance for a mnimm of 1000 hours in accordance with

ASTM G 85. The use of sealers shall not be pernmitted.] Rings, bearings
packi ng, packing rings, retaining rings, seals, w per-scrapers, etc., shal
be fabricated fromthe finest selected quality materials as recomended by
the Contractor to provide zero | eakage. Where a cylinder head is used as a
positive-position stop, the stop head shall incorporate an adjustable
cushion, or an external deceleration control shall be provided to mnimnze
detrinmental mechanical inpact. [End nounts [for pinned connections] shal
be as shown.] [Bronze bushings conformng to ASTM B 505/ B 505, All oy
C92900, shall be provided in the pin holes.] [Connection pins shall be
fabricated from ASTM A 564/ A 564k, Type 630, Condition H 1150, stainless
steel.] [The hydraulic cylinder shall be nounted as shown.]

1.5 Hydraulic Cylinders (Corps Design)

Rk Ik kR IR Rk ko o S S S S R R Rk R Rk kR R I I I R Ik b o b o

NOTE: Alternate 3 shall be used when the hydraulic
cylinders have been designed by the Corps of
Engi neers and they are detailed on the contract
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The outside of the finished cylinder shall be turned concentric with the
bore, and the interior shall be honed to the dinensions, tolerances, and
finish shown. The finished wall thickness shall not be | ess than that
shown. Fl anges shall be welded to the cylinder parallel with each other
and perpendicular to the cylinder center Iine. Tolerances shall be as
shown. After conpletion of all welding, the cylinder shall be stress
relief heat treated. [All welds shall be radi ographed including those on
the end nounts.] [Designated welds shall be radi ographed as i ndicated.]
The assenbl ed cylinder shall be of such straightness that the piston and
rod nove snoothly therein w thout any indication of binding or tight
spots. Surface finishes shall be as indicated. The cylinder materia
shal |l be steel conformng to one of the follow ng options:

a. Option A° Rolled steel plate conforming to the requirenents of
ASTM A 516/ A 516, Grade 70, and wel ded fl anges confornmng to
ASTM A 181/ A 181N, O ass 70.

b. Option B: The shell shall be centrifugal cast steel conformng to
the requirenents of ASTM A 216/ A 216N, Grade WAC, and wel ded fl anges
conformng to ASTM A 181/ A 181N, Cass 70, or cast from

ASTM A 216/ A 216, Gade WAC steel.

c. Option C The shell and flanges shall be a solid trepanned forging
conforming to the requirenents of ASTM A 266/ A 266, Cass 1

2.1.5.1 Pi st on Rods (Corps Design)

Rk Ik kb Sk R IR Rk kS ARk Ik Sk S R R Rk kR kR Ik S I SRRk ko b o

NOTE: The desi gner may choose one or nore options
dependi ng on the unique requirenents and |ife-cycle
costs of the project.

EE R I R R R R I R I R R R R I R I R R I R I R R I R R R R R I R

The piston rod shall be made of [carbon steel with nickel and chromne
plating] [,] [or] [stainless steel with chrone plating] [,] [or] [carbon
steel with ceramc coating]. |If the piston rod is conposed of two or nore
pi eces, the welds shall be radi ographed. [For the carbon steel piston rod
wi th nickel and chrone plating, the rod shall be fabricated from carbon
steel confornming to ASTM A 108, Type C 1045, or ASTM A 108, Type CR 4140.
It shall be case hardened to 50-54 Rockwell C, polished to a 0.25 nicroneter
10 mcroi nchRVS surface finish or better, and nickel and hard-chrome
plated to 75 mcronmeter 0.003 inch mnimumthickness. The final chrone
pl ated surface shall have a roughness height of not nore than 0.20
m croneter 8 microinch RMS.] [For the carbon steel piston rod with ceranic
coating, the steel shall conformto ASTM A 108, Type C 1045, or ASTM A 108,
Type CR 4140. The ceram c coating shall have a 200 mcrometer 0.008 inch
m ni mum t hi ckness, surface finish of 0.30 mcronmeter 12 mcroi nches RMVS or
better, surface hardness of 67 Rockwell C m ninmum inpact resistance of 7
to 15 Nnm 5 to 11 I b-ft, nodulus of elasticity of 360 to 415 GPa 52 x 106
to 60 x 106 psi, |inear expansion coefficient of 7.2 x 10 4/ degree C 4.0 x

10'6/degree F, and be capable of withstanding a fracture force of 280 MPa
41 ksi mnimum The ceranic coating shall provide a honobgeneous,

uni nterrupt ed, non-conducting and i nperneabl e | ayer capabl e of providing
corrosion resistance for a m ni mum of 1000 hours in accordance with

ASTM G 85. The use of sealers shall not be permitted.] [For the stainless
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steel piston rod with chronme plating, the stainless steel shall conformto
ASTM A 564/ A 564N or ASTM A 705/ A 705V, Type 630 or Type XM 12. It shal
be heat treated to a condition of H 1150 before final nachining. The fina
rod surface after chrone plating shall have a roughness hei ght of not nore
than 0.20 microneter 8 mcroinch RVB. ]

.1.5.2 Pi st ons

The piston shall be cast iron conformng to ASTM A 536, Grade 80-55-06 or
10- 50- 05.

.1.5.3 Pi ston Wear Ri ngs

Pi ston wear rings shall be glass-reinforced nylon with a conpressive and
tensile strength of not |ess than 165 MPa 24,000 psi and an enbedability
capability to prevent scoring of the cylinder

.1.5.4 O Ring Seal s

The Oring seals shall be [Buna N] [Viton] and designed for [__ ] kPa ps
servi ce.

.1.5.5 Rod W per

The rod w per shall be a high-strength pol yurethane scraper ring which wll
wi thstand the inpact and the abrasion of materials adhering to the piston
rod.

.1.5.6 [ Pi ston and] Piston Rod Seal s

[ Piston and] piston rod seals shall be of the | ow | eakage V-ring,
nonadj ust abl e gl and type, designed for [__ ] kPa psi service. [Piston
seal s shall be bronze-filled pol ytetrafl uoroethyl ene.]

.1.5.7 Rod Seal d and and Locki ng Devi ce Fl ange

The rod seal gl and and | ocking device flange shall be fabricated from
bronze conformng to ASTM B 505/ B 505, Alloy No. C95400 or (C93200. The
ice scraper, attached to the gland, shall conformto ASTM B 584, Alloy No.
C86300.

.1.5.8 Hoi st Locki ng Device

The hoi st | ocking device shall be fabricated from stainless stee
conform ng to ASTM A 564/ A 564N or ASTM A 705/ A 705N, Type 630 or XM 12
Condi tion H 1150.

.1.6 Hydraul i ¢ Power Unit

The hydraulic power unit shall be a self-contained, packaged unit designed
by the Contractor to operate the [tel escopic] hydraulic cylinders in
accordance with the criteria stated in paragraph DESI GN PARAMETERS. The
power unit shall be designed to neet the space limtations shown shall be
configured essentially as shown.

1.7 Ol Reservoirs

The oil reservoir shall be sized [as shown] [by the Contractor to neet the
space limtations shown]. The reservoir shall be nmade of steel wth wel ded
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joints and shall conformto the requirenents of NFLPA T3.16.2 Rl and as
shown. The reservoir shall be equipped with a fluid |level indicator and
filler with built-in strainer. There shall be a baffle provided between
the intake and return lines to facilitate the separation of air and foreign
matter fromthe hydraulic fluid. Both the intake and return pipes shall be
brought down to a distance of 1 1/2 pipe dianeters above the tank bottom
Interior surfaces of the reservoir shall be cleaned down to bright netal
and coated with an epoxy-based urethane finish or an approved alternate
that is conpatible with oil and water. [After painting, the exterior of
the reservoir shall be insulated with a pol ystyrene, pol yurethane, or

foangl ass type insulation. The insulation shall be conpatible with oil and
not retain noisture. The insulation thickness shall be 50 nm 2 inches on
all surfaces other than the top.]

2.1.7.1 Reservoir Heater

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

NOTE: Proper selection of the hydraulic fluid nay
elimnate the need for a reservoir heater

Rk Rk kR IR R R I I S o S S I Rk Ik Sk b o R R R R Rk Sk kS S I kb R R b o

The reservoir shall be provided with one or nore screw plug type i mrersion
heaters with a watt density not to exceed 17 kWsquare neter 11 watts per
square inch and a [built-in] [renpte] thernostat set to naintain the
hydraulic oil at 5 degrees C 40 degrees F. The heater sheath and screwpl ug
shall be fabricated fromstainless steel. Total heating output shall be

] watts] at [__ ] volts AC. The heater shall be supplied with a
wat ertight, stainless steel, NEMA 4X term nal housing as a mni mum

2.1.7.2 Magneti c Separators

The manufacturer's standard magnetic separator shall be provided in the
reservoir. The magnetic separator shall consist of a high-strength

per manent magnet arranged for rigid nounting with the poles of the nagnet
exposed to the fluid in the reservoir. The nmagnet shall be [conbined in

the construction of the fill strainer] [nounted on a renovable rod assenbly
installed through the top of the reservoir] [or] [incorporated in the
bottomdrain plug]. [The drain plug type installation shall incorporate an

automatic valve arranged to pernit renoval of the magnetic separator for
inspection without loss of fluid fromthe reservoir.] [The drain plug type
installation shall include provisions for automatic chip detection without
renoval of the plug.]

2.1.7.3 Al r Breat her

The reservoir shall be provided with an air breather which renoves dirt and
noi sture fromthe inconming air. The incoming air shall first pass through
a desiccant bed to renove the noisture, and then pass through a filter to
elimnate the solid contaminants before entering the reservoir. Qutgoing
air shall pass directly to the atnosphere through a check valve. The

breat her shall al so provide visual indication of the desiccant and filter
condi tion.

2.1.8 Punps

Rk Ik kR IR Rk ko o S S S S R R Rk R Rk kR R I I I R Ik b o b o

NOTE: The submerged punp option should be used only
where space is restricted so that the punp cannot be
nount ed on the exterior of the reservoir with the
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punp suction flooded.

If the designer elects to select the particular type
of punp to be used, the follow ng factors shoul d be
consi dered: displacenent, pressure rating,
prime-nover speed, rated punp life, initial cost,
nount i ngs avail abl e, serviceability, porting
connections, availability, conpatibility, product
history, efficiencies, and size and weight. Fixed
di spl acenent punps are usually lower in cost, on a
conponent basis. However, the lower initial cost of
t he punp nust be wei ghed agai nst the cost of the
control conponents needed to nmake the system work.
Vari abl e di spl acenent punps, conversely, are
general ly higher in cost, but |ess control equipnent
may be needed to achieve the sane result. The
reduced control costs may nore than offset the
higher initial punp cost. As a general rule, gear
punps are usually |east costly, vane punps

i nternedi ate, and pi ston punps nost costly.

However, on the basis of cost per watt (horsepower),
there is no clear-cut rule. Each application nust
be eval uated individually.

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

The punp[s] for the hydraulic systemshall be a[n] [submersible,] electric
notor-driven, [variable] [fixed] displacenent, [gear] [vane] [piston] type
[with constant wattage horsepower control to regulate flowrate and
pressure] [rated to deliver a nominal [ ] L/sat [
gpmat [ ] psi] while operating with the specified oil in the specified
tenmperature range. Maxinumrotating speed shall be 1800 rpm Exposed
rotating parts shall be properly safety guarded. The punps shall nount

[in] [on] the reservoir in a manner simlar to that shown on the draw ngs
so that the punp suction is flooded. The punps shall operate on [ ]
volts, 60 Hz, three phase power. The punps shall be rated for continuous
operation at a discharge pressure equal to or greater than the system
design pressure. The rated di scharge capacity of each punp shall not be

| ess than indicated when the punp is operated at the design input speed and
di scharge pressure

.1.9 Accunul ators

The accunul ators shall be the bl adder type suitable for charging with
nitrogen. [The nunber of accumul ators shall be as shown and the fluid
capacity shall not be less than [__ ] [L] [gallons]]. [Determine the
nunber and size of accunul ators needed to operate the systemin accordance
wi t h paragraph DESI GN PARAMETERS.] The accurul ators shall be designed in
accordance with ASME BPVC SEC VIII D1 for a rated working pressure of not
less than [__ ] kPa psi. Accumul ators shall be equipped with a safety
device to rel ease excessive pressure before the burst pressure is reached.

.1.10 Filters

EE R R I I R I I R I R R R I R I R I R I R R R I R I R R I R I R I R

NOTE: Duplex filters shall be used only if

conti nuous operation is necessary w thout shutting
down the systemfor replacenment of the filter

el ement .
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To ensure maxinmumreliability of the system and
reduce repairs to or replacenent of the system
components, the filtration level for the system
shoul d be specified by the Beta ratio, the ratio of
the nunber of particles in a certain size range
upstream of the filter to the nunber of particles in
that size range downstream of the filter. This will
however increase initial costs and filter

mai nt enance.

R IR I S bk S bk kS I I kS Rk S bk S bk S b S R R S b b S S Sk Rk S

The filter[s] shall be located in the return line to the reservoir [and in
the punp discharge line] and shall be of the [spin-on type with a bypass
and an indicator to show the condition of the filter elenent] [duplex type
with a differential pressure device to indicate the need for filter el enent
service]. [The filter elenent shall have a rating of [[__
absolute] [10 m crons absolute unless a snaller nesh is recommended by the
punp manufacturer].] [The filter elenent shall have a mininumsilt contro
rating of Beta sub two (2) = 2 and Beta sub ten (10) = 500 at 400 kPa 60 ps
differential pressure in accordance with [|ISO 16889].] The filter shal

be rated for use with hydraulic oil and the pressure drop should not exceed
40 kPa 6 psi in the clean condition. [The return filter shall be pressure

rated for 1400 kPa 200 psiand a flowrate of [ ] L/s gpn.] [The
discharge line filter shall pressure rated for [ ] kPa psi and a flow
rate of [__ ] L/s gpn.] [Deternine the pressure and flow rating of the

filters to be conpatible with his design of the power units.]
.1.11 Gauges
.1.11.1 Pressure Gauges

Pressure gauges shall conformto ASME B40. 100, have a bl ack enanel ed neta
case, a 115 mr 4-1/2 inch dial, and a stainless steel Bourdon tube. The
scal e range of the gauge shall be approxi mately 150 percent of the maxi num
pressure of the line in which installed. Gauges shall be the safety type
with solid fronts and bl owout backs. Each gauge shall be provided with a
pressure snubber. [Gauge mounting shall be as indicated on the draw ngs.]

[ The pressure gauges shall be panel nounted and readable fromthe front of
the power unit after opening the doors of the enclosure.] Gauges and gauge
lines shall be bottomtapped in horizontal pressure |ines.

.1.11.2 Ther nonet er

A direct indicating thernonmeter shall be provided to indicate fluid
tenmperature in the reservoir. Mercury shall no be used in thernoneters

[ The thernmonmeter shall be of the binetallic type [nounted directly on the
reservoir] [and panel nounted as for the pressure gauges].] |[The
thernmoneter shall be renote reading, capillary tube-and-bulb type, and
panel nmounted.] The thernoneter shall have a minimun 75 nr 3 inch dia

wi th bl ack marki ngs on a white background. The scale range shall be m nus
5 to plus 115 degrees C 20 to 240 degrees F. The case and stem shall be
corrosion resistant, and the wetted conponents shall be stainless steel
Thernoneter wells of the separabl e socket type shall be provided for each
thernmonmeter with a direct type bulb.

.1.12 Val ves

Val ves shall have a mininmumpressure rating of [ ] kPa psi unless
stated otherwise. Valves 25 mr 1 inch or larger shall have socket-wel ded
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pi pi ng connections. Valves less than 25 mm 1 inch shall have SAE strai ght
thread ends and [Buna N] [Viton] Orings with tube fittings. Valves shal
be specifically designed and rated for hydraulic system applications.

2.1.12. 1 Bal | Val ves

Bal | val ves shall be nade of stainless steel and designed for use with
hydraulic oil. Pipe connections shall be socket welded. The valves shal
have repl aceabl e seats and be repairable w thout disturbing the wel ded
connecti ons.

2.1.12.2 Needl e Val ves

Needl e val ves shall be nmade of stainless steel and designed for fine flow
regul ation. The stemsealing Orings shall be [Buna N [Viton].

2.1.12.3 Control Val ves

a. Flow- Flow control valves shall be [subplate mounted for

socket -wel ded piping] [line mounted]. The val ves shall be
pressure-conpensating, free flowing in one direction, and adjustabl e.
The val ves shall be capable of being locked in position to prevent an
uni ntentional adjustnent. The flow rating shall be [a m ni mum of

[ ] L/s gpn] [deternmined by the Contractor in accordance with the
design criteria stated in paragraph DESI GN PARAVETERS] .

b. Manual Four-Way Directional Control Valves - Mnual four-way
directional control valves shall be the rotary shear seal type, open or
cl osed center and detent or spring centered as shown. The val ve shal
be three position, [subplate nounted with socket-wel ded piping
connections] [line mounted]. The flow rating shall be [a m ni num of

[ ] L/s gpn] [determined by the Contractor in accordance with the
design criteria stated in paragraph DESI GN PARAMETERS] .

c. Pilot-Qperated, Sol enoid-Controlled Four-Way Directional Contro
Directional - Pilot-operated, solenoid-controlled four-way directiona
control valves shall be [two] [three] position and [open] [closed]
centered as shown. The valve shall be pilot operated and have [a
single] [two] solenoid[s]. The valve shall be subplate nounted with
[ socket - wel ded pi pi ng] [tubing] connections. The sol enoids shal
operate at 120 volts AC. The flowrating shall be [a minimumof [
L/'s gpn] [determ ned by the Contractor in accordance with the design
criteria stated in paragraph DESI GN PARAMETERS] .

2.1.12. 4 Pressure Relief Val ves

Pressure relief valves shall be adjustable with a body designed for a set
pressure of [ ] kPa psi. [The valve shall have the capacity to pass
[ ] L/s gpn]. [The flow capacity shall be deternined by the Contractor
in accordance with the design criteria stated in paragraph DESI GN
PARAMETERS. ]

2.1.12.5 Unl oadi ng Val ves
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NOTE: Unl oadi ng val ves provi de free passage through
a |l ow pressure area when a signal is applied to a
pil ot connection. An unloading valve is nornally
| ocated in the punp discharge line so that the punp
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can unload to the tank at a preset pressure. In a
typi cal application, unloading valves may be
arranged to accept a signal froman accunulator. At
a predeterm ned pressure val ue, when the accumul at or
is charged to the preferred | evel, the punp unl oads
to the tank.
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Unl oadi ng val ves shall be adjustable and designed for [__ ] kPa ps
service. The pressure setting shall be as shown, and the flow capacity
shal |l be determ ned by the Contractor so that the val ve operates w thout
cavitating.

.1.12.6 Supply Spring Loaded Check Val ves

Supply spring | oaded check val ves shall be of stainless steel construction
and shall be the ball or poppet type with a body designed for high shock
and [ ] kPa psi service.

.1.12.7 Return Spring Loaded Check Val ves

Return spring | oaded check val ves shall be of stainless steel construction
and shall be the ball or poppet type with a body designed for [ ] kPa
psi service. Cracking pressure shall be [ ] kPa psi

.1.12.8 Bl eeder Val ves

Bl eeder val ves shall be 6 mr 1/4 inch, stainless steel construction, and
wr ench oper at ed.

.1.12.9 Pressure Snubbers

Pressure snubbers shall be provided for all pressure gauges and pressure
switches to protect agai nst shock and provide nore stable instrunent
operation. Snubbers shall be of stainless steel construction

.1.12.10 Count er bal ance Val ve
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NOTE: For hydraulic cylinders with attached flexible
hoses, a counterbal ance val ve should be installed
directly on the cylinder so that the | ower hose is

not objected to a static |oad.
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A count erbal ance val ve shall be installed in the oil line to the bottom
side of the hoist piston as indicated to bal ance the | oad being held by the
cylinder. The valve shall be directly operated, have an external type
drain, and shall be adjustable for operating over a pressure range of

[ ] to[___ ] kPa psi. The valve shall be designed for a system
operating pressure of [ ] kPa psi. The capacity rating for the valve
shall not be less than [ ] L/'s gpn. The valve shall permt

unrestrained flow to the underside of the hoist piston and shall function
to retain pressure in the hoist cylinder in the amount of the valve's
pressure adj ust nent.

.1.13 Pi pi ng

Pi pi ng, tubing, and hose shall be designed for a working pressure of |
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kPa psi. [Pipe shall be used when a 25 nr 1 inch or larger dianeter is
required. Tubing shall be used when less than 25 mm 1 inch dianmeter is
required.] [External cylinder piping shall be as shown.] Pipe shall be
wel ded or threaded as required on the draw ngs.

.1.13.1 Pi pe

Pi pe shall be seam ess [steel conform ng to ASTM A 106/ A 106, G ade B]
[stainl ess steel conform ng to ASME B36. 19 and ASTM A 312/ A 312V, G ade
TP304]. The piping weight class shall be Schedule [ ].

.1.13.2 Pi pe Fittings

Pipe fittings shall be the socket welding type confornmng to ASVE B16. 11
and made of [steel conforming to ASTM A 234/ A 234N, G ade WPB] [stainless
steel conformng to and ASTM A 182/ A 182V, Grade F304]. The pressure class
shall be [___ ] kg pounds. Flanges shall conformto ASTM A 182/ A 182N
with the grade suitable for the pipe to which attached. Threaded fittings
shall also conformto the above, but shall be used only where absolutely
necessary for the application

.1.13.3 Uni ons

Uni ons shall be the Oring type, made of stainless steel with
socket -wel di ng ends. The Contractor may at his option substitute four bolt
split flanges with [Buna N] [Viton] Orings for the unions.

.1.13. 4 Hydr aul i ¢ Tubi ng

Tubi ng shall be seanl ess stainless steel tubing conforning to
ASTM A 789/ A 789Nh. The wall thickness shall be selected to provide a
safety factor of 6 based on the manufacturer's ratings for burst strength.

.1.13.5 Tube Fittings

Tube fittings shall be nade of stainless steel and be the flarel ess type
with SAE straight threads and [Buna N] [Viton] Oring seals. The fittings
shall conformw th SAE J514.

.1.13.6 Hose

Fl exi bl e hydraulic lines shall be wire-reinforced, high-pressure-type hose
made of neoprene or Buna N. Flexible hose shall be rated by the

manuf acturer for a working pressure not |ower than the system operating
pressure indicated above with a factor of safety of 4. Fittings shall be
specifically designed for use with the hose selected and shall be as
recomrended by the hose manufacturer. Fittings shall be nade of stainless
steel and shall be the reusable type.

.1.14 Bolts, Nuts, and Washers
.1.14.1 Carbon Steel Bolts and Nuts
Carbon steel bolts and nuts shall conformto ASTM A 354, Grade BC, with

ASTM A 194/ A 194N, Grade 2H nuts. Structural bolted connections carrying
primary | oads shall be made with ASTM A 325N ASTM A 325 bolts.
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2.1.14. 2 Stainless Steel Bolts and Nuts

Stainless steel bolts and nuts shall conformto ASTM A 193/ A 193V, G ade B7
or B16, with ASTM A 194/ A 194V, G ade 8 nuts.

2.1.14.3 Fl at Washers

Fl at washers shall conformto ASTM F 844.

2.1.15 Hydraulic Fluid

2.
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NOTE: Specify the hydraulic fluid by brand name
only if it is necessary for the fluid to be
conpatible with the fluid in an existing hydraulic
system
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The hydraulic fluid to be used during shop testing, [to fill the cylinders
before shiprment,] flush the systemafter installation, and to fill the
compl ete hydraulic systemshall be [[__ ] Petroleum Corporation's [__ ]

hydraulic oil which has a high viscosity index, |ow pour point, and
anti foam properties] [an all-weather type hydraulic oil which has a high
vi scosity index, |ow pour point, rust and oxidation inhibitors, and
antifoam properties]. [The oil shall also be forrmulated to separate
qui ckly fromwater to prevent formation of emulsions.] [The hydraulic
fluid shall be certified by the manufacturer as fire resistant in
conformance with NFLPA T2.13.1 R4.] Fresh hydraulic fluid shall be
filtered through a 10 micron filter before it is added to the system All
oil shall be supplied by the Contractor and two [210 L] [55 gallon] [][
L gallon] containers shall be furnished to the Governnment for a reserve
suppl y.

.2 ELECTRI CAL EQUI PMENT
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NOTE: The contents of the follow ng paragraphs are
dependent on design requirenents which may
necessitate revision or expansion to cover different
condi tions and standards.
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The el ectrical equiprment for the hydraulic power systenms shall be as shown
and as specified. Oher electrical materials and equi prent required for
the installation of the hydraulic power systens shall be as specified in
Section [[___ 11 [Section 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM . Al

el ectrical equiprment furnished shall be standard catal og itens under
regul ar manufacture with preexisting catalog ratings equal to or better
than the requirenents of the contract draw ngs and specifications. The
Contractor's request for approval of equipment other than as specified or
as shown shall be acconpani ed by technical and descriptive data and
specifications sufficient for the Contracting Oficer to deternmne its
adequacy. Unless otherw se specified or indicated, all electrica

material s and equi pnment shall neet the standards, specifications, and tests
ref erenced.

2.1 Conduit, Duct, and Accessories

[ ] Threads on the followi ng equi pment shall be Anerican Standard. No
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netric threads will be accepted.
.2.1.1 [Plastic Coated] Rigid Metal Conduit

The conduit shall be hot-dip gal vanized including the threads. The

gal vani zed conduit shall conformto NEVA C80.1 and UL 6. [The plastic
coating shall be factory applied by the same manufacturer who produces the
hot - di p gal vani zed conduit. The plastic coating shall have a m ni num
thickness of 1 mr 0.040 inch for the full length of the pipe except for the
threads. The plastic coating shall have a tensile strength of 24.1 MPa
3500 psi. A coupling shall be furnished | cose with each length of the
conduit. The bond between netal and plastic shall be equal to or greater
than the tensile strength of the plastic coating. The coated conduit shal
conformto NEVA RN 1, Type A. ]

.2.1.2 Conduit Fittings

Conduit fittings shall be galvanized, high test, gray iron castings. [The
fittings shall be plastic coated in the same nanner as outlined above for
the conduit.] Gaskets shall be furnished for all covers

.2.1.3 Conduit and Cabi net Supports

Conduit and cabi nets shall be supported as required by | EEE C57.12.70. The
supports shall be galvanized [and plastic coated in the same nmanner as
outlined above for the conduit].

. 2.2 Cabi nets and Boxes

Cabi nets and boxes shall be watertight, [gal vani zed] [stainless] steel

NEMA 4X housings sized as required. The cabinet and box hubs shall be
consistent with the NEMA 4X rating of the box. Cabinets and boxes shall be
mount ed such that the NEMA 4X rating is not conpronised. Threads on the
hubs shall match the threads on the conduit [ ] and shall be Anerican
Standard. Metric threads will not be accepted. The cabinets and boxes
shall conformto UL 50.

.2.3 Pump Mdtors
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NOTE: \Where notor starters are provided in notor
control centers, delete the reference to notor

starters.
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The punp notors shall conformto the applicable requirenents of NEVA MG 1,
except as hereinafter specified, and shall be designed to withstand ful
voltage starting. The notor shall be of totally enclosed frane
construction and shall be fan cooled. A stainless steel drain-breather
simlar and equal to Crouse-H nds type "ECD Universal" shall be provided
and | ocated so that any water present can be drained frominside the
notor. [The notors shall have encapsul ated windings.] [Mtor starters
shal | be provided complete with properly sized thernmal overl oad protection
and ot her appurtenances necessary for the notors specified.] Manual or
automatic control and protective or signal devices required for the
operation, and any control wiring required for controls and devi ces but not
shown on the electrical draw ngs, shall be provided.
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2.

.2.3.1 Rat i ng

The notors shall operate on [__ ] volts, 60 Hz, 3 phase power and shal

be sized to operate the punps specified in paragraph PUMPS. The notor

shal | be designed to operate continuously w thout exceeding the tenperature
rise pernmtted by the applicable NEMA standards for the class of insulation
and frane construction used.

.2.3.2 W ndi ng I nsul ation

The winding insulation shall be either class F or H[with special noisture,
fungus, and oil-proof treatnment]. The winding insulation shall be of the
type designed and constructed to withstand the severe noisture conditions

and the wide range in anbient tenperature to which the notors will be
subj ect ed.
.2.3.3 W ndi ng Heaters

A heater or heaters shall be installed in the motor frame or end bells or
wr apped around the winding end turns. The heater shall be automatically
turned on when the notor is not running. The heater shall be capable of

wi t hstandi ng the sane tenperature extrenes as the notor. The heaters shal
be such that when energized the tenperature of the notor winding will be
hel d approxi mately 10 degrees C above anbient. They shall be designed for
[ ] volts AC continuous operation. The heaters shall wi thstand 10
percent overvoltage continuously. Term nals of the heaters, including the
| eads, shall be watertight. The |leads shall be ternminated in the notor

| ead term nal box

.2.3. 4 Ter mi nal Leads

The notor |eads shall extend outside the frame, shall have insul ation

equi valent to that of the notor wi nding, and shall be termnated in a
two-pi ece, four-position, watertight, [gal vani zed] [stainless] steel, NEMA
4X, term nal box secured rigidly to the notor frame. The |eads shall be
posi ti oned and seal ed where they pass through the frane with a

wat er-resi stant seal of a synthetic rubber material or else with a
synthetic rubber gasket. Conduit entrances to the termi nal box shall be

t hr eaded.

2.4 Control Conponents
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NOTES: Where it is desired to control, coordinate,
and program conponents of a hydraulic fluid power
systemto achi eve synchroni zation of cylinders or
conponents or to achieve a sequence of operations in
several nodes, systemrequirenents and
specifications shall be tailored for the job.

a. The progranmmed controller is used in nodern
fluid power systens where a series of operations is
to be perfornmed in a sequential order on each

cycle. It can be programmed to cause a nunber of
hydraulic cylinders or notors to follow a sequenti al
order of operations, extending and retracting,
starting and stopping, during each cycle.

b. The controller can be progranmmabl e, consisting
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of a console plugged into a Central Processing Unit
(CPU), or a specialized mcroconputer systemthat
can be custom progranmed to control a wi de variety
of electronic and el ectrohydraulic systens and
conponents, and has the capability to interface with
ot her controls and transducers.

O her types of position measurenment and control

equi prent may be used instead of the electronic
[imt switch and transducer comnbi nation indicated.
Many ot her nethods of position neasurenent are

avai | abl e including sone which are entirely

mechani cal . The designer shall select the best type

for his application.
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2.2.4.1 Control Devices and Wring

Manual or automatic control protective or signal devices required for the
specified operation and all control wiring for these controls and devices
shal | be provided whether indicated or not. Electrical control devices
shal | have m nimum current and voltage ratings in accordance with the
requirements of NEMA I CS 2 contact rating designation A 300, as applicable,
unl ess larger ratings are indicated or are required. Control devices shall
be provided with the nunber and arrangenent of contacts required to perform
the specified control functions. Devices shall be provided with or
installed in NEMA 4X encl osures.

2.2.4.2 Pressure Swi tches

Pressure swi tches shall have a minimmpressure rating of [__ ] kPa psi
with set point operating as shown. The switches shall be enclosed in

wat ertight, [gal vanized] [stainless] steel, NEMA 4X housings. The swi tches
shall be provided with a normally open, normally closed contact having a

m nimumrating of 5 anps, 125/250 volts AC

2.2.4.3 El ectronic Limt Sw tches

The electronic linmt switches shall have solid-state, thunbwheel,
programmable limts with a count/revolution range of 0000 to 3599; four
decades of limt progranm ng; set point switch function selection; initial
power supply that provides four AC power levels (plus 5V, plus 15V, plus
24 V) from standard 120 or 240 VAC sources; and outputs for read-outs on
two [digital] [anal og] displays (one renote digital read-out in the control
room and one at the hydraulic power unit). The operating tenperature range
of the electronic limt switches shall be [0] [mnus 20] degrees Cto plus
65 degrees C. The limt switches shall be |ocated and nounted as shown.

2.2.4.4 Transducer (El ectronmagnetic Position Sensor)
The transducer shall be single turn, heavy duty, and enclosed in a
wat er -resi stant NEMA 13 encl osure and shall have an operating range of
m nus 20 degrees C to plus 85 degrees C.

2.2.4.5 Renpte Read-Qut [Digital] [Anal og] D splay

Provide a renmote [digital] [anal og] display which is to be connected to the
BCD output fromthe limt swtch.
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2.2.4.6 Manual Switches

Manual |y operated sw tches, including push-button swtches, selector

swi tches, and key-operated sw tches, shall be heavy-duty, oil-tight type
conformng to the requirenents of NEMA ICS 1. Switches shall be the
[momentary contact type with standard operators] [nmaintai ned contact type
with [mushroom head] [illuninated button] [latching button]].

.2.4.7 Rel ays

Rel ays used in control circuits shall be industrial nagnetic control relays
conformng to NEMA | CS 2 contact rating designation A 300, except where
other ratings are indicated. Relays shall be applied in control circuits
in such a manner that proper control functions shall be obtained regardl ess
of whether the contacts are overl appi ng or non-overl appi ng.

.2.4.8 I ndicating Lights

Indicating light assenblies shall be the switchboard type, insulated for
120 volt AC. service, with appropriate colored caps as indicated and
integrally nmounted resistors for 120 volt AC service. Color caps shall be
made of a material which will not be softened by the heat fromthe | anp.
Lanps shall be replaceable fromthe front of the panel, and any speci al
tools required for l|anp replacenent shall be furnished by the Contractor
The indicating |ight assenblies shall be the same product line as
compati bl e push buttons and switches.

.2.5 Control Consol es and Val ve and Gauge Panel s
.2.5.1 Control Consol e Construction

The control console shall include a basic frame with netal panels fully
custom fabricated or it may consi st of custom nodul es using standardi zed
conponents where avail able to neet the di nensional and functiona
characteristics shown and specified. The console shall be constructed of
steel neeting the requirenents of NEMA I CS 6. Steel sheet shall conformto
ASTM A 659/ A 659N. Renpvabl e panel s shall be secured in place using
captive, spring-loaded, self-locking spring nuts and hardened sheet neta

screws. Screws and nuts shall be stainless steel. Access panels shall be
secured with spring-loaded, quarter-turn fasteners with studs held captive
in the renovabl e panel. The consol e shall be equi pped with adequate

| ouvered panels to ventilate the interior and dissipate the heat generated
within the console. Special equipnent supports and gui des shall be
provided as required to support the equi pnent and ot her conponents within
the console. [The interior and exterior surfaces shall be finished with
one coat of primer and two coats of the manufacturer's standard baked-on
white enanel finish.]

.2.5.2 Val ve and Gauge Panel Construction

Val ve and gauge panels shall be constructed of steel plate thick enough to
provide rigid support for the valves and other conponents nounted thereon
Al'l piping shall be termnated with bul khead type connections in a position
conveni ent for the connection of external lines. [Primer and finish shal
be the manufacturer's standard coating.]

.2.5.3 Nanepl ates and Instruction Pl ates

Nanepl at es shall be provided for each device on the control console, valve
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2.

panel s, and gauge panels. Naneplates shall clearly indicate the function
of each device and, in the case of nanually operated controls, shal
indicate the condition established for each position of the control
Instruction plates shall clearly indicate the proper procedures and
sequences of operations to activate the system to operate the system and
to secure the systemafter conpletion of operation. Lettering on

nanepl ates shall be machi ne engraved on [steel plate] [plastic |am nate
with white characters on a black background]. Instruction plates shall be
mounted on a rigid backing and covered with clear, rigid plastic sheeting.
Instruction plates shall be nmounted in a location easily visible to an
operator stationed at the consol e or panel

.2.5.4 Security Provisions

Control consol es shall be constructed and installed to prevent unauthorized
or accidental operation of the system [The main power control swtch
nounted on the control console shall be a key-operated type with provision
for renoval of the key only when the switch is in the "OFF" position.]

[ The control console shall be provided with a hinged cover with a
key-operated | ock arranged to automatically | ock the cover in the closed
position.]

.2.5.5 Weat her Protection

Control consol es and val ve and gauge panel s exposed to the weat her or
subjected to water or dirt in the atnmosphere shall be NEMA Type 4 for
ext eri or nonhazardous applications. Enclosures shall have hinged and
| atched covers. Hinges shall be the separable type to pernmt conplete
renoval of the cover for maintenance. Hinges and | atches shall be
constructed of stainless steel

.3 SHOP ASSEMBLY AND TESTI NG

Each hydraulic power system shall be conpletely shop assenbl ed and tested
insofar as is possible using tenporary piping and wiring to deternine the
correctness of fabrication and the nmatching of conponent parts to ensure
acceptabl e operation after field erection. Shop tests shall be nade in the
presence of a representative of the Contracting O ficer, unless otherw se
authorized in witing. Upon satisfactory conpletion of the shop assenbly
and testing, prelimnary acceptance will be nmade by the Contracting O ficer.

3.1 C eani ng
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NOTES: The allowable linit of contamination in this
paragraph is subject to the specific project design
requi renents which nmay necessitate revision or
expansi on to cover varying standards of acceptance.
The anount and sizes of particles which any given
conmponent can tolerate is a function of the

cl earances between nmoving parts, the frequency and
speed of operation, and the materials of
construction. Tol erances range from | ow pressure
gear punps which nay give satisfactory performance
with dirt levels typically found in new fluid (SAE
J1165 18/ 15) to servo control valves which require
oil eight tinmes cleaner (SAE J1165 15/12). GCenera
gui delines are as foll ows:
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SYSTEM TYPE CODE LEVEL

Low pressure - manual control 18/ 15 or better
Low t o nedi um pressure - el ectrohydraulic controls 17/ 14 or better
Systens with servo or proportional control valves 17/ 14 or better
Hi gh pressure-servo controlled 15/ 12 or better

Hydraulic fluid power equi pnent is rated according
to maxi mum pressure. Generally low pressure is 0 to
4.1 MPa (0 to 600 psi), nediumpressure to 20.7 MPa
(3000 psi), and high pressure to 34.5 MPa (5000 psi).

Results of microscopic particle count in accordance
wi th SAE ARP598 are reported as the nunber of
particles per mlliliter greater than indicated
sizes as ordinates on a graph where particle size in
mcrons is the abscissa. Segnments of the ordinate
are assigned code |l evels and the code | evel for
particle sizes greater than 15 microns is reported
as the nunerator, and the code |evel for particle
sizes greater than 5 microns is reported as the
denomi nator in the pair of range nunbers in the |SO
(I'nternational Organization for Standardi zation)
Solid Contanination Code, as identified in SAE
J1165. Higher code | evels indicate higher particle
counts per millinmeter. Exanple: 15/12 means a code
| evel of 15 for particles greater than 5 microns and
a code level of 12 for particles greater than 15
mcrons. Filter manufacturing firnms can be the
source of information regarding determ nation of
contami nation | evels and anal ysis and have avail abl e
portable kits for nore general detection of
cont am nat i on.
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Extrene care shall be taken during shop assenbly to avoid inclusion of
foreign materials into the equi pnent. The interior of the piping shall be
cleaned with lint free cloths and flushed with oil at a mnimum vel ocity of
4.6 nm's 15 fps which has passed through a 10 micron filter. The cl eaning
procedure shall clean the systemof particles so that the contam nation
level is below [ ] in accordance with SAE J1165. The nanufacturer
shall take three 500 milliliter sanples at random | ocations according to

| SO 4021. Particle counting on each sanple shall be performed in
accordance with SAE ARP598 by an approved i ndependent test |aboratory.
Water content of each sanple shall be below 200 ppm |If any sanpl e does
not conply with the permssible contamnation lints, the systemshall be
recl eaned and rei nspected. The piping and val ves shall be sealed with
enough oil in the systemto protect the netal surfaces.

3.2 Cylinder Tests
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NOTE: This paragraph does not apply for cylinders of
standard manufacture and design
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Each cylinder shall be filled with the specified hydraulic fluid filtered
to 10 microns, taking care to exclude all air. Each cylinder shall then be
hydrostatically tested at [ ] kPa psi for a mnimumof 4 hours. [Wth
the rod and piston fully retracted, and the pressure applied to the | ower
side of the piston, the upper end shall be observed for | eakage past the
piston.] [Wth the telescopic cylinder fully retracted and under pressure,
the cylinder shall be checked for | eakage past the seals.] Any |eakage
past the seals shall be cause for rejection. The [cylinder rod and piston]
[tel escopic cylinder] shall then be extended and observed for snooth, even
travel . Any operational problenms or source of |eakage to the outside of
the cylinder will be cause for rejection

2.3.3 Hydraulic Power Units

Shop-fabricated power and control units and piping shall be hydrostatically
tested at the maxi mum pressure allowed by the installed equi pnment. Valves
and operators shall undergo a functional test and the punps shall be tested
to verify flow and pressure ratings. The power unit shall then be
connected to the hydraulic cylinder and operationally tested at [ ] kPa
psi. Any operational problens will be cause for rejection

PART 3 EXECUTI ON
3.1 EXAM NAI ON

After visiting the site and becom ng thoroughly famliar with all details
of the work and working conditions, verify dinensions in the field, and
then advise the Contracting O ficer of any discrepancies prior to
performng any work. The Contractor shall be specifically responsible for
the coordination and proper relation of the contracted work to the
structure and work of all trades.

3.2 | NSTALLATI ON
3.2.1 Cener a

Install the equi pment specified and as shown on the drawi ngs to conplete
the hydraulic power systems for operation of the [intake gates][ slide
gates][ control gates][ tainter gates][ mter gates][ butterfly valves]]
hoi sting equipnment][_ ]. Installation of hydraulic conponents shall be
in accordance with the manufacturer's witten instructions and under the
direction of the erection engineer or nmanufacturer's representative.

Conpl ete units or assenblies shall be installed w thout disassenbly.
Necessary supports for all appurtenances, punps, nmotors, and ot her

equi pnent or conponents shall be provided as shown. Floor-nounted

equi pnent shall be anchored to concrete pads by anchor bolts or expansion
anchors as shown. Installation shall be in accordance with Section 05 50 14
STRUCTURAL METAL FABRI CATIONS and Section [[__ 11 [Section 26 20 00

| NTERI OR DI STRI BUTI ON SYSTEM .

3.2.2 Cl eani ng and Fl ushing the System
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NOTES: The allowable linmt of contami nation in this
paragraph is subject to the specific project design
requi renents which may necessitate revision or
expansi on to cover varying standards of acceptance.
The amount and sizes of particles which any given
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conmponent can tolerate is a function of the

cl earances between nmoving parts, the frequency and
speed of operation, and the material s of
construction. Tol erances range from | ow pressure
gear punps which nay give satisfactory performance
with dirt levels typically found in new fluid (SAE
J1165 18/15) to servo control valves which require
oil eight tinmes cleaner (SAE J1165 15/12). GCenera
gui delines are as follows:

SYSTEM TYPE CODE LEVEL

Low pressure - manual control 18/ 15 or better
Low to nedi um pressure - el ectrohydraulic controls 17/ 14 or better
Systens with servo or proportional control valves 17/ 14 or better
Hi gh pressure-servo controlled 15/ 12 or better

Hydraulic fluid power equipnent is rated accordi ng
to maxi mum pressure. Generally low pressure is 0 to
4.1 MPa (0 to 600 psi), nediumpressure to 20.7 MPa
(3000 psi), and high pressure to 34.5 MPa (5000 psi).

Results of microscopic particle count in accordance
with SAE ARP598 are reported as the nunber of
particles per milliliter greater than indicated
sizes as ordinates on a graph where particle size in
mcrons is the abscissa. Segnments of the ordinate
are assigned code |l evels and the code | evel for
particle sizes greater than 15 nmicrons is reported
as the nunerator, and the code |evel for particle
sizes greater than 5 nmicrons is reported as the
denomi nator in the pair of range nunbers in the ISO
(I'nternational Organization for Standardization)
Solid Contanination Code, as identified in SAE
J1165. Higher code | evels indicate higher particle
counts per millinmeter. Exanple: 15/12 means a code
| evel of 15 for particles greater than 5 mcrons and
a code level of 12 for particles greater than 15
mcrons. Filter manufacturing firms can be the
source of information regarding determ nation of
contami nation | evel s and anal ysis and have avail abl e
portable kits for nore general detection of

contam nati on.
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Extrene care shall be taken during assenbly to avoid the entrance of
abrasives, dirt, netal chips, and other foreign materials into the
hydraul i ¢ system through open ends of piping, tubing, and ports of the
conponents. Subnit a detailed cleaning and flushing the system procedure
for approval in accordance wth paragraph SUBM TTALS. The procedure shal
include a detailed description of the equipnment, materials, formulations of
cl eaning agents, solution tenperatures, duration of each phase of the

cl eani ng operation, method of renoval of cleaning agents, and nethod of
drying after cleaning. The procedure shall clean the system of particles
so that the contamination level is below[__ ] in accordance with
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SAE J1165. Take three 500 milliliter sanples at approved | ocations
according to | SO 4021. Particle counting on each sanple shall be perforned
in accordance with SAE ARP598 by an approved i ndependent test |aboratory.
Water content of each sanple shall be below 200 ppm |f any sanpl e does
not conply with the perm ssible contam nation linits, the systemshall be
recl eaned and rei nspected. Wen flushing is conpleted, the systemshall be
drained and then filled with the specified hydraulic fluid.

. 2.3 Filling and Bl eedi ng the System

Ol used to fill the systemshall be filtered through a 10 micron filter
The conpl ete hydraulic power systemshall be bled to renove all air from
the system Care shall be taken to exclude as nuch air as possible during
initial filling. The hydraulic cylinders shall be filled in the horizonta
position with the piping connections up to allow air to escape, and the

pi ping shall be filled in a nmanner that excludes as nmuch air as possible.
The system once filled, shall be bled of air, operated, and periodically
bl ed during the first week of operation to renove any air that m ght have
been entrained in the system

.3 PAI NTI NG

Al'l exposed exterior surfaces of assenblies and equi pnment except stainless
steel, synthetic rubber, and plastic, shall be shop prined and coated as
specified in Section 09 97 02 PAINTING HYDRAULI C STRUCTURES unl ess the
equi prent is given a standard factory finish as allowed by other paragraphs
of this specification. Insofar as is practicable, the conplete coating
system shall be applied to individual conponents and itens before assenbly
to ensure conpl ete coverage and naxi mum protection agai nst corrosion

Equi pnrent such as the punps which have a factory-finished coating do not
need to be recoated. Chips, scratches, and other danage to shop-applied
pai nted surfaces shall be repainted in the field.

.4 ERECTI ON ENG NEER

ot ain the services of an experienced erection engineer who is regularly
enpl oyed by the hydraulic cylinder/power unit nmanufacturer to supervise the
installation, start-up, adjustnent and operation, and testing of the

equi prent provided. The erection engineer shall furnish a signed statenent
stating that the final installation and start-up of the hydraulic power
system has been inspected, witnessed, and conplies fully with the

manuf acturer's warranty requirenents. The erection engineer shall also
instruct the Governnment's operating staff menbers in the operation and

mai nt enance features of the equipnent.

.5  FIELD TESTS AND | NSPECTI ONS
.5.1 Field Testing

The Contracting O ficer shall be given 2 weeks notice before any field
testing is to be conducted. Any material, equipnent, instrunents, and
personnel required for the tests shall be provided by the Contractor
Testing shall be conducted in the presence of the Contracting Oficer

unl ess waived in witing and then a certified field test report shall be
submitted in accordance with paragraph SUBM TTALS. Testing shall be done
under the direction of the erection engineer or manufacturer's
representative.
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3.

5.2 Proof Testing

The piping systemshall be hydrostatically tested to not |ess than 125
percent of the design working pressure. Any equipnent that m ght be
damaged by this pressure shall be isolated or renpved to prevent danmage

The proof test pressure shall be maintained for 12 hours. Al wel ded,
flanged, flared, and threaded connections shall be carefully examined for

| eakage, and all lines shall be inspected for evidence of deflection caused
by i nadequate anchorage. No |eakage or deflection will be all owed.

.5.3 Fi nal Acceptance Tests

In preparation for the final acceptance tests, and after conpletion of the
installation and proof tests, operate the hydraulic power systemto prove
acceptability. Prelimnary tests shall be conducted at m ni mum pressures
and velocities until initial adjustnents have been proven safe for nornal
operation. Details of all operations shall be constantly nonitored for
signs of inpending trouble and corrections shall be nade as necessary to
prevent danage to the equiprment. At such tine as the Contracting O ficer
may direct, conduct the follow ng conplete acceptance tests on the
hydraul i c power system for approval. Any deficiency or mal adj ust nent

di sclosed by the tests shall be corrected inmedi ately and the test repeated
until satisfactory results are obtained. No subsequent tests will be
permitted until all preceding tests have been conpl eted satisfactorily.
Upon conpl etion of the final acceptance tests, furnish a witten statenent
that the hydraulic power system has been field tested and neets al
operational requirenents

.5.3.1 Initial Start-Up

The hydraulic reservoir shall be inspected to ensure that the fluid is at
the proper level. The accunul ator precharge pressure shall be inspected
and adjusted to the specified value. The hydraulic punps shall be test
started using [both] the controls at the control console [and the renote
controls]. The [punp] [punps] shall be inspected for proper operation and
di scharge pressure. The discharge pressure of [the] [each] punp shall be
read and recorded. The pressure relief [valve] [valves] shall be adjusted
tolimt the systempressure to the specified value. The unloading [valve]
[val ves] shall be adjusted to unload the punps to the reservoir when the
accunul at or has been charged to the specified pressure or if the contro
val ves are not actuated. The hydraulic |ines and conponents which are
under pressure shall be inspected for evidence of |eakage.

.5.3.2 Conbi ned System Tests

Tests and inspections of the hydraulic power systemshall be perforned
concurrently with the testing specified under other sections of these

speci fications which test the nechani smoperated by the hydraulic system
The hydraulic systemshall be tested by operating the mechani smthrough a
m ni mum of four conplete cycles. During each test operation, the hydraulic
i nes and components shall be inspected for evidence of |eakage. The
pressure in the supply and return lines for each direction of operation
shal |l be read and recorded. Response of conponents to operation of
applicable controls shall be inspected to ensure that all connections have
been made properly. [Flow control valves shall be checked and adjusted as
required to conformto indicated operating time requirenments.] [ Sequence
val ves shall be inspected and adjusted as required to obtain the indicated
sequence of operation.] [Chokes in pilot circuits of pilot-operated val ves
shal | be adjusted to obtain snooth, shock-free operation.]
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3.5.3.3 Test Reports
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NOTE: Edit the followi ng data to be reported as
required.
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Prepare and conplete test reports showing in detail the results of the
field tests. The test reports shall include a detailed tabul ati on show ng
val ues of pressures, flowrates, and all adjustnents recorded during the
final tests, and adjustnment and calibration of the entire system During
each test run, the followi ng data and observations shall be recorded:

a. Control operation

b. Voltages

c. Currents

d. Pressures

e. Speeds and tines

f. Flow control valve settings

g. Alignnent and operating clearances

h. Excessive vibration, by conponent

i. Tenperature of notors and hydraulic fluid

. Pertinent observations regarding such events as unusual sounds,
mal functions or difficulties encountered, and adjustnents required.

-- End of Section --
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