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HYDRAULI C FLU D PONER SYSTEMS
01/08

NOTE: This gui de specification covers the
requi rements for hydraulic fluid power systens.

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

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

Conment s, suggestions and reconmmended changes for
this gui de specification are wel cone and shoul d be
submtted as a Criteria Change Request (CCR).
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PART 1 GENERAL

1.1 REFERENCES
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NOTE: This paragraph is used to list the
publications cited in the text of the guide
specification. The publications are referred to in
the text by basic designation only and listed in
thi s paragraph by organi zati on, designation, date,
and title.

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

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

*%

*% *% *% *% *% *% *% *% *% *% *%%

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.

ASME

ASME

ASME

ASME

ASME

ASME

ASME

ASME

ASME

ASME

ASME

ASME

ASME

ASME

ASME

Al ST

ASME | NTERNATI ONAL ( ASME)

Bl.1 (2003; R 2018) Unified Inch Screw Threads
(UN and UNR Thread Form
B1.20.1 (2013) Pi pe Threads, General Purpose (Inch)
Bl. 20. 2M (2006; R 2011) Pipe Threads, 60 Deg
General Purpose (Metric)
B1. 20. 3 (1976; R 2013) Dryseal Pipe Threads (Inch)
B16. 11 (2016) Forged Fittings, Socket-Wl ding and
Threaded
B16. 5 (2017) Pipe Flanges and Fl anged Fittings
NPS 1/2 Through NPS 24 Metric/lnch Standard
B17.1 (1967; R 2017) Keys and Keyseats
B17. 2 (1967; R 2017) Whodruff Keys and Keyseats
B18.2.1 (2012; Errata 2013) Square and Hex Bolts
and Screws (Inch Series)
B18. 2.2 (2015) Nuts for General Applications:
Machi ne Screw Nuts, Hex, Square, Hex
FIl ange, and Coupling Nuts (lnch Series)
B18.6. 2 (1998; R 2010) Slotted Head Cap Screws,
Square Head Set Screws, and Slotted
Headl ess Set Screws: Inch Series
B31.1 (2016; Errata 2016) Power Piping
B40. 100 (2013) Pressure Gauges and Gauge
Attachments
BPVC SEC | X (2017; Errata 2018) BPVC Section
| X- Wl di ng, Brazing and Fusing
Qualifications
BPVC SEC VIl D1 (2017) BPVC Section VIII-Rules for
Construction of Pressure Vessels Division 1
ASSCCI ATI ON FOR | RON AND STEEL TECHNOLOGY (Al ST)
PB- 229 (2008) Stainless Steels: A Steel Products

Manual
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ASTM | NTERNATI ONAL (ASTM

ASTM A106/ A106M

ASTM A108

ASTM A182/ A182M

ASTM A234/ A234M

ASTM A36/ A36M

ASTM A519/ A519M

ASTM A574

ASTM A576

ASTM A659/ A659M

ASTM B117

ASTM D3951

(2018) Standard Specification for Seaml ess
Carbon Steel Pipe for Hi gh-Tenperature
Service

(2013) Standard Specification for Steel
Bar, Carbon and All oy, Cold-Finished

(2018) Standard Specification for Forged
or Rolled Alloy and Stainless Steel Pipe
Fl anges, Forged Fittings, and Val ves and
Parts for Hi gh-Tenperature Service

(2018) Standard Specification for Piping
Fittings of Wought Carbon Steel and All oy
Steel for Mderate and Hi gh Tenperature
Service

(2014) Standard Specification for Carbon
Structural Steel

(2017) Standard Specification for Seanl ess
Carbon and All oy Steel Mechani cal Tubing

(2017) Standard Specification for Al oy
St eel Socket-Head Cap Screws

(2017) Standard Specification for Steel
Bars, Carbon, Hot-Wought, Special Quality

(2012; R 2017) Standard Specification for
Conmercial Steel (CS), Sheet and Strip,
Carbon (0.16 Maxi mumto 0.25 Maxi num
Percent), Hot-Rolled

(2016) Standard Practice for Operating
Salt Spray (Fog) Apparatus

(2015) Commerci al Packagi ng

| NDUSTRI AL FASTENERS | NSTI TUTE (I FI)

I FI 100/ 107

(2002) Prevailing Torque-Type Steel Hex
and Hex Flange Nuts Regul ar and Light Hex
Series

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

| SO 10763

1 SO 11727

(1994) Hydraulic Fluid Power - Plain-end,
Seam ess and Wl ded Precision Steel Tubes
- Dinensions and Nom nal Wbrking Pressures

(1999) Pneumatic Fluid Power -
Identification of Ports and Control
Mechani sns of Control Valves and O her
Components
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| SO 5598 (2008) Fluid Power Systens and Conponents
- Vocabul ary

| SO 9461 (1992) Hydraulic Fluid Power -
Identification of Valve Ports, Subpl ates,
Control Devices and Sol enoi ds

MANUFACTURERS STANDARDI ZATI ON SOCI ETY OF THE VALVE AND FI TTI NGS
| NDUSTRY ( MBS)

MBS SP-58 (2009) Pipe Hangers and Supports -
Mat erial s, Design and Manufacture,
Sel ection, Application, and Installation

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMVA)

NEMA I CS 1 (2000; R 2015) Standard for Industrial
Control and Systens: General Requirenents

NEMA | CS 2 (2000; R 2005; Errata 2008) Industrial
Control and Systens Controllers,
Contactors, and Overl oad Rel ays Rated 600 V

NEMA | CS 6 (1993; R 2016) Industrial Control and
Systens: Encl osures

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 70 (2017; ERTA 1-2 2017; TIA 17-1; TIA 17-2;
TIA 17-3; TIA 17-4; TIA 17-5; TIA 17-6;
TIA 17-7; TIA 17-8; TIA 17-9; TIA 17-10;
TIA 17-11; TIA 17-12; TIA 17-13; TIA
17-14; TIA 17-15; TIA 17-16; TIA 17-17 )
Nat i onal El ectrical Code

NATI ONAL FLU D POAER ASSCCI ATl ON ( NFLPA)
ANSI / NFLPA T3. 16. 2 (1997; Rev 1; Reapproved 2005) Hydraulic
Fl uid Power - Design for Nonintegral
I ndustrial Reservoirs

NFLPA T2.13.1 (2007; 5th Ed) Recommended Practice —
Hydraulic Fluid Power — Use OF Fire
Resistant Fluids In Industrial Systemns

NFLPA T3.28.9 (1989; R 2009; 2nd Ed) Fluid Power Systens
and Products - Myving Parts Fluid Controls
- Method of Diagranm ng

NFLPA T3.5.1 (2002; R 2015) Hydraulic Fluid Power -
Val ves, Mounting Surfaces

SCCI ETY OF AUTOMOTI VE ENG NEERS | NTERNATI ONAL ( SAE)
SAE AS598 (2012) Aerospace M croscopic Sizing and
Counting of Particulate Contam nation for
Fl uid Power Systens

SAE J1165 (1979; R 1986) Reporting d eanliness
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Level s of Hydraulic Fluids
SAE J514 (2012) Hydraulic Tube Fittings
UNDERWRI TERS LABORATORI ES (UL)

UL El ectrical Appliance (2012) Electrical Appliance and
Utilization Equi pment Directory

1.2 DEFINITIONS

The definitions of terns having a unique nmeaning in fluid power technol ogy
shal |l be those given in | SO 5598.

1.3 SUBMITTALS

NOTE: Review subnmittal description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list to reflect only the subnmittals
required for the project.

The Guide Specification technical editors have
designated those itens that require Government
approval, due to their conplexity or criticality,
with a "G" GCenerally, other submittal itenms can be
reviewed by the Contractor's Quality Control

System Only add a “G to an item if the subnittal
is sufficiently inmportant or conplex in context of

t he project.

For subnmittals requiring Government approval on Arny
projects, a code of up to three characters within
the submittal tags nay be used following the "G'
designation to indicate the approving authority.
Codes for Arny projects using the Resident
Managenment System (RMB) are: "AE" for
Architect-Engineer; "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.

The "S" following a submittal itemindicates that
the submittal is required for the Sustainability
eNot ebook to fulfill federally mandated sustai nabl e
requirenents in accordance with Section 01 33 29
SUSTAI NABI LI TY REPORTING. Locate the "S" submittal
under the SD nunber that best describes the
submttal item

Choose the first bracketed itemfor Navy, Air Force
and NASA projects, or choose the second bracketed
itemfor Arnmy projects.
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CGovernment approval is required for subnmittals with a "G' designation;
submittals not having a "G' designation are for [Contractor Quality Control
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1.

1.

approval .][information only. Wen used, a designation following the "G
designation identifies the office that will review the submttal for the
Government.] Submittals with an "S" are for inclusion in the
Sustai nability eNotebook, in conformance to Section 01 33 29 SUSTAI NABI LI TY
REPORTI NG. Submit the following in accordance with Section 01 33 00
SUBM TTAL PROCEDURES
SD- 02 Shop Drawi ngs
Detail Drawings; ¢, [ 11
Installation; ¢, [___ 1]
SD- 03 Product Data
Spare Parts; ¢, [ 11
Field Instructions; C[, [___ 1]
SD- 04 Sanpl es
Hydraulic Fluid
SD-06 Test Reports
Field Tests and C eaning of Hydraulic Lines
SD-07 Certificates
Welding
SD- 10 Operation and Mii ntenance Data
Operation and Mii ntenance Manuals; ¢, [___ 1]
Field Tests and C eaning of Hydraulic Lines; ¢, [___ 1]
4 QUALI TY ASSURANCE

4.1 Welding

NOTE: |If need exists for nore stringent
requi renents for weldnments, delete this first
subpar agraph and use the second.

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhhhkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhkhkhkkkkkkkkkkk

Structural nenbers shall be welded in accordance with Section 05 05 23. 16
STRUCTURAL WVELDI NG. Performwel ding for piping in accordance with
qual i fied procedures using performance qualified welders and wel di ng
operators. Procedures and wel ders shall be qualified in accordance with
ASME BPVC SEC | X. Welding procedures qualified by others, and wel ders and
wel di ng operators qualified by another enployer nay be accepted as
permtted by ASME B31.1. Notify the Contracting O ficer 24 hours in
advance of tests and the tests shall be perfornmed at the work site if
practicable. Apply the welder's or welding operator's assigned synbol near
each wel d made as a permanent record. Subnmit a copy of qualified
procedures and a list of names and identification synbols of qualified

wel ders and wel di ng operators.
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1

4.2 Stringent Requirenments

Wl di ng and nondestructive testing procedures for piping are specified in
Section 40 05 13.96 WELDI NG PROCESS PI PI NG

.5 DELI VERY, STCORAGE, AND HANDLI NG

Prot ect equi pnent delivered and placed in storage fromthe weat her,
hum dity and tenperature variation, dirt and dust, or other contam nants.

.6 EXTRA MATERI ALS

Submit spare parts data for each different itemof material and equi pnent
specified, after approval of detail drawings and not later than [___ ]
months prior to the date of beneficial occupancy. Include in the data a

conplete list of parts and supplies, including lubricants and fluids,
current unit prices, sources of supply, and a list of the parts recomended
by the manufacturer to be replaced after [1] [and] [3] year(s) of service.

PART 2 PRODUCTS

2.

2.

1 MATERI ALS AND EQUI PMENT
1.1 St andard Products

Provide material s and equi prent which are the standard products of a

manuf acturer regularly engaged in the manufacture of the products and that
essentially duplicate itens that have been in satisfactory use for at |east
2 years prior to bid opening. Itens of the sane classification shall be

i dentical, including equipnment, assenblies, parts, and conponents.

Equi pnent shall be supported by a service organization that is, in the

opi nion of the Contracting Oficer, reasonably convenient to the site.

1.2 Nameplates

The manufacturer's nane, address, and catal og nunber shall be permanently
di spl ayed on a plate securely attached to each nmajor item of equipnent.

El ectrical equipnent listed in UL Electrical Appliance shall have UL | abe
or registration plate securely attached to the item of equipnent.

.1.3 Prevention of Corrosion

Provi de fasteners and namepl ates of corrosion-resistant materials.
Surfaces of products, such as punps, cylinders, fluid notors, and simlar
conponents, of ferrous metal, where not otherw se specified, shall be given
a corrosion-protective coating at the factory. Mnufacturers' standard
coatings are acceptable, provided that coatings for interior use can

wi t hstand conti nuous exposure to salt spray for 120 hours and coatings for
exterior use for 504 hours. The fog test shall conformto ASTM B117

I medi ately after conpletion of the test, coating shall show no signs of
wri nkling, cracking, or |oss of adherence, and the specinen shall show no
signs of corrosion creepage beyond 3 nm|/8 inch on either side of the
scratch mark nade as specified. |f coated sanples have successfully
withstood the salt spray test within the preceding 2 years, certificates
will be acceptable in Iieu of testing.

SECTION 41 24 26 Page 10



2.

1.4 Equi prent Guards and Access

Gears, couplings, projecting setscrews, keys, and other rotating parts
shall be fully enclosed or properly guarded to preclude personnel contact.

.2 HYDRAULI C PUMPS

Punp volunetric ratings, tests, type, application, and nounting provisions
shall be in accordance with manufacturer's instructions and tested by
approved nethods for conformance with performance ratings. Punp rotation
shal|l be as indicated. Punps shall be rated for continuous operation at a
di scharge pressure equal to or greater than the pressure indicated. 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.

2.1 Cear Punps

Gear punps shall be [fixed] [variable] [or] [__ ] type. Covers and
center section shall be [high strength alum numalloy die castings] [steel]
[cast iron]. Thrust and wear plates shall be [heavy-duty bronze coated
steel] [bronze] [or] [___ ]. Manufacturer's [standard] [or] [__
seal s shall be used for rotary punps. Seals and wear plates and ot her
wearing parts shall be replaceable and shall be suitable for the
application, duty, and tenperatures invol ved.

. 2.2 Vane Punps

.2.2.1 Fi xed Di spl acement Vane Punps

Fi xed di spl acenent vane punps shall be hydraulically bal anced types.
Housing shall be [high tensile strength ductile iron] [cast iron] [

Vanes shall be [heat treated high-speed tool steel] [__ ]. Shaft and
rotor shall be [case hardened steel] [__ ]. Shaft shall ride in bearings
at both ends. Camring shall be [high carbon chromiumsteel] [__ ].
Doubl e vane punps shall be provided when indicated. Seals shall be [Buna
N] [nitrile rubber] [fluoroelastonmer] [_ ].

.2.2.2 Vari abl e Di spl acenment Vane Punps

Vari abl e di spl acenent vane punps shall incorporate neans for varying the
punp di spl acenent fromzero to the maximumrated quantity while the punp is
operating against the system pressure indicated. Materials shall be as
specified for fixed vane punps. Punps shall be arranged for adjustnment of
di scharge volune by [mechanical] [electrical] [hydraulic] [pneumatic]

means. The punp di spl acenent shall be controlled by [integral autonatic
pressure conpensation] [adjustnent screw] control. The punp casing shal

be provided with a tapped outlet for connection of an external drain |line.
Punp ports shall be [NPT] [tapped NPTF] [tapped for straight pipe threads]
[drilled and faced for flange connections] [socket weld].

.2.3 Pi st on Punps

Pi ston punps shall be [cylinder block in-line type which reverses fl ow
direction and controls flow rate by nmeans of external valve bank] [axia
fixed] [axial variable] [or] [__ ]. [Axial variable type shall be
capabl e of providing reversed flow with constant direction of input shaft
rotation.] [Axial variable type shall be suitable for control of

di spl acenment [and direction of flow] by [manual] [mechanical] [hydraulic]
[electric] [pneumatic] devices.] [Manually adjustable nmaxi mum and m ni num
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2.

limts of displacenment in each direction of flow shall be provided.]
3 RESERVOIRS

Unl ess ot herwi se indicated, nonintegral reservoirs shall conformto the
general requirements of ANSI/NFLPA T3. 16. 2.

2.3.1 Basi ¢ Construction

2.

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkhhhkhkhkkkkkkkkkkhkhhkhhkhkkkkkkkkkk

NOTE: |Insert the appropriate nunber in the bl anks.
Variations in the fluid |line connections are
permtted at the designer's option
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Each reservoir shall be breather type of welded [carbon steel]
[corrosion-resisting steel] construction with renovabl e cl eanout pl ates
provided at each end. C eanout plates shall have gaskets and shall be
securely fastened to the reservoir end plates. Each reservoir shall be
sloped to a drain plug | ocated at the low point. The bottom of the
reservoir shall have a ninimum cl earance of 150 mm 6 i nches above the
floor. The legs or base of floor-munted reservoirs shall have suitable
hol es for fasteners. A mninumof one interior baffle shall be provided to
separate the return line fromthe punp suction line. A filter breather cap
and fill port with a[_ ] mesh strainer shall be provided. Port cap
shal |l have retaining chain. A separate steel mounting plate at least 19 mMm
3/4 inch thick shall be provided to support the punping unit.

.3.2 Fl uid Li ne Connecti ons

The punp suction line shall extend as far as practicable below the | ow
fluid I evel but shall clear the bottom of the tank by a distance equal to
1-1/2 times the nomnal line size. The suction line shall be equipped wth
a [100 by 100] [___ ] mesh externally nmounted strainer having a rated
capacity not less than twi ce the punp discharge capacity. Strainer

material for filters at both the suction line and the fill inlet shall be

[ 55-mesh nylon] [30-nmesh brass] [or] [30-nesh stainless steel] materia
conpatible with the reservoir material and the hydraulic fluid. Drain
lines shall extend below fluid level. [Extra return and drain line
connections shall be built into reservoir.]

.3.3 Magneti ¢ Separators

Manuf acturer's standard magnetic separators shall be provided in the
reservoir. Magnetic separator shall consist of a high-strength pernanent
magnet arranged for rigid mounting with the poles of the magnet exposed to
the fluid in the reservoir. The nmagnet shall be [conbined in the
construction of the fill strainer] [nmounted on a renobvable 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 nagnetic separator for

i nspection without loss of fluid fromthe reservoir.] [The drain plug type
installation shall include provisions for automatic chip detection without
renoval of the plug.]

3.4 Accessories

*kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhkhkhkhkkkkkkkkkk

NOTE: Thernoneters nmay be del eted at the designer's
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option. \Were renpte operation is anticipated, the
design shall include a | owlevel alarmand punp
cut of f devi ce.
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Manuf acturer's standard recessed or protected oil |evel indicator shall be
mounted in a readily visible location in proximty to the filler opening.
The fluid | evel gauge shall be clearly marked to indicate the nmaxi num and
m ni mum desi gn operating levels and the fluid | evel when the systemis
idle. [Manufacturer's standard direct indicating thermometer shall be
provided to indicate fluid tenperature in the reservoir. Mercury shall not
be used in thernoneters. The thernoneter shall be of the binmetallic type
mounted directly on the reservoir top. The thernoneter shall have 90 mm
3-1/2 inch dianeter dial with black markings on a white or al um num
background. Case and stem shall be corrosion-resisting steel. Scale range
shall be minus 7 to 115 degrees C 20 to 240 degrees F. The thernoneter
shall be renote reading, capillary tube-and-bulb type. The thernoneter
shall have a dial not less than 90 mm 3-1/2 inches in dianmeter with bl ack
figures on a white or alum num background. |Indicating head shall be of the
[flush] [surface] nounting type. Case shall be [cast iron] [cast brass]
with black enanel finish. Bulb and capillary tube shall be
corrosion-resisting steel.] [A lowlevel alarmand punp cutoff device shal
be provided as indicated.]

.4 CYLINDERS
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NOTE: Unl ess the designer needs to nake the
choi ces, because of unique criteria situations,
selection of materials and configurations should
remain as Contractor's options and the brackets
shoul d be rempved

*kkkkkkkkkkkkkkkkkkkkkkkkkkhhhhkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhkhkhhkkkkkkkkkkk

Hydraulic cylinder shall be one of the types listed in | SO 5598, and as
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 nmanufacturer shall produce

evi dence that each cylinder was hydrostatically tested to 200 percent of
the severest service rating and that dynanic 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 maintained. Cylinders shall have
bore, stroke, and rod dianeter as indicated. NFPA nounting style shall be
as indicated. The hydraulic cylinder shall have [adjustable]

[ nonadj ust abl e] cushions on [cap end only] [rod end only] [both ends].

[ Cushions shall have free reverse flow check valves.] Cylinders shall be
provided with double end rods where indicated. Ports shall be [NPTF] [ SAE
straight-thread Oring] [__ ].

4.1 Cyli nder Tube

Cylinder tube shall be nachined from ASTM A519/ A519V, G ade 1018, heavy
wal | seam ess steel tubing and shall have the bore honed to a 254 to 381
nanometers 10 to 15 microinch rns surface finish

4.2 Cyli nder Heads and Caps

Cylinder heads and caps shall be fabricated from ASTM A576, G ade 1018,

steel bar stock and machi ne-finished on all surfaces. The cylinder head
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shal | be equi pped with rod seal and external dirt w per and shall have rod
bushing piloted into head to ensure concentricity. [Rod bushing shall be
removabl e wi t hout the use of special tools and wi thout renoving tie rods or
cylinder head.] Attachment of cylinder tube to head and cap shall be [by
steel tie rods having a minimumyield strength of 690 MPa 100, 000 psi] [or]
[as indicated]. Renpvable attachnents shall have the cylinder tube end
seal s arranged to seal with pressure and shall be designed to prevent
shearing and extrusion and to provide axial metal backup.

.4.3 Pistons

Pi stons shall be precision fitted to the cylinder body bore. Pistons shal
be [fine-grained cast iron] [__ ] and shall be designed and equi pped with
[zero | eakage cup-type seals] [bronze-filled polytetrafluoroethylene seals
wi th phenolic wear rings] [autonotive-type | ap-sealed cast iron rings].

The design shall protect piston seals fromblow out and over squeeze.

[ Cups shall be self-regulating and shall automatically conpensate for wear.]

.4.4 Pi st on Rods

Pi ston rods shall be nade of [nmedium carbon steel of yield strengths of 620
to 690 MPa 90,000 to 100,000 psi for rods 16 through 102 nm 5/8 through 4
inches in dianmeter] [620 to 760 MPa 90,000 to 110,000 psi high tensile
strength steel using ASTM A108, Type C 1045, for rods 16 to 64 mMm5/8 to
2-1/2 inches in dianmeter and ASTM A108, Type CR 4140 for rods 76 to 254 mm
3 to 10 inches in dianmeter]. Rods shall be case hardened to 50-54 Rockwel |
C, polished to 254 nanoneters 10 m croinch rns surface finish or better

and hard-chronme plated to 0.0003 nini mum t hi ckness.

.5 FLU D MOTORS
.5.1 Vane Motors

Fi xed di spl acenment vane notors shall be [hydraulically balanced] [high
torque, low speed] [ ] type. Mdtors shall be rated for continuous
operation at a system pressure equal to or greater than the pressure
shown. The notors shall be capabl e of producing an actual output torque
not | ess than shown when operating at the indicated supply pressure.
Actual displacenment shall not exceed the value shown. The shaft shall be
[straight keyed] [threaded] [or] [splined]. Shafts shall be capable of
rotation in either direction. The notor casing shall be provided with a
tapped outlet for connection of an external drain line. Mdtor ports shal
be [tapped NPTF] [tapped with straight pipe threads] [drilled and faced for
flange connections]. Filtration shall be 10 nicrons or |ess.

[ Di spl acenent sel ector valve shall be provided.]

.5.2 Pi ston Mdtors

Piston notors shall be [axial inline] [or] [angle] type and shall be
designed as [fixed] [variable] displacenment type. Variable displacenent
type shall be capable of providing reversed rotation with constant
direction of fluid flow Variable displacenent type shall be suitable for
control of displacenent and direction of rotation by [manual] [nechanical]
[hydraulic] [electric] [pneumatic] [ ] devices. Manually adjustable
maxi mum and mnimum |limts of displacenent shall be provided. Mnually
adjustable maximumlinmts of displacement in each direction of rotation
shal |l be provided. The drive shaft shall be supported by heavy-duty
antifriction bearings. The nmotor casing shall be provided with a tapped
outlet for connection of an external drain line. Mtor ports shall be
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[tapped NPTF] [tapped with straight pipe threads] [drilled and faced for
flange connections]. Filtration shall be 10 nicrons.

.6 ACCUMULATORS

Accunul ators shall be [piston] [bladder] type and shall be [gas pressure]
[ ] loaded. Accurulator fluid capacity shall not be | ess than

i ndi cated. Accumrul ators shall be designed for a rated working pressure not
| ess than the maxi num system pressure and shall have a safety factor of not
less than four. Fluid ports shall be [tapped NPTF] [tapped for straight

pi pe threads] [drilled, tapped, and faced for flange connections]. Gas and
accessories needed to recharge the accunulator with gas shall be provided
as i ndi cat ed.

.6.1 Pi ston Type

Cylinder shall be [single] [double] wall type constructed from seanl ess
steel tubing and wrought or forged steel end caps. Piston shall be [cast
iron] [alumnum [__ ] and shall be equipped with Oring type seals with
anti extrusion backup guide rings. Accumulators 152 nm 6 inches and | arger
shal | be designed and constructed in accordance with the requirenents of
ASME BPVC SEC VIII D1. The accunul ator shall be equipped with a safety
device to rel ease excessive pressure before the burst pressure is reached.
A high-pressure gas chargi ng val ve shall be provided. The charging val ve
shal |l be protected from danage by recessed type construction or by a
protective cap. Safety bleed holes in the shell and a gas val ve or other
means shall be included to positively prevent disassenbly of the

accunul ator until all gas and fluid pressures have been rel eased.

.6.2 Bl adder Type

Shell s shall be one-piece alloy steel construction w thout welds, seans, or
joints. The fluid discharge port shall be provided with a spring-Ioaded
poppet val ve arranged to close automatically upon di scharge of all of the
fluid to prevent extrusion of the bladder. An antiextrusion ring shall be
provi ded when recommended by the manufacturer. The design shall permt

di sassenbly for repair wthout renoving the accunulator fromthe system
The nethod of disassenbly shall include provisions to prevent disassenbly
until all gas and fluid have been bled. A gas charging valve conplete with
protective cap and repl aceabl e val ve core shall be provided. The design
shal | incorporate suitable neans to rel ease excessive pressure before the
burst pressure is reached.

.7 VALVES

Val ves used in the hydraulic systemlines shall be specially designed and
rated for use in hydraulic systens. Valves used in pneumatic |ines, such
as air-oil booster systens and gas-|oaded accunul ators, shall be
specifically designed and rated for use in pneunatic systens. Valves shal
have published pressure ratings not |ess than the nmaxi mum pressure ratings
indicated for the circuit in which installed. Identification of ports,
pil ot and sol enoid actuators and sol enoid | eads shall be as indicated by
synbols conformng to |1 SO 9461 and | SO 11727

7.1 Di rectional Control Valves
Directional control valves shall be [ball] [plug] [spool (plunger)]

[sliding plate] [linear sliding plate] [or] [rotating sliding plate] design
as indicated. Directional control valves shall be [check] [four-way]
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2.

[sel ector (diversion)] [straightway] [or] [three-way] functional type.
7.2 FIl ow Control Val ves

Fl ow control valves shall be [ball] [diaphragni [disc (globe)] [sw ng disc]
[gate] [spreader gate] [wedge gate] [needle] [plug] [or] [poppet] design as
indicated. Flow control valves shall be [shutoff] [sequence] [flow
dividing] [flow dividing, conpensated] [netering] [deceleration] [pressure
compensat ed] [pressure-tenperature conpensated] functional type.

.7.3 Pressure Control Val ves

Pressure control valves shall be [counterbal ance] [deconpression] [Ioad
dividing] [pressure reducing] [relief] [safety relief] [or] [unloading]
type as indicated.

.7.4 Val ve Actuators

Val ve actuators shall be [manual] [nmechanical] [solenoid] [or] [pilot] as
indicated. [Pilot actuators shall be [barrier] [differential area]
[differential pressure] [or] [solenoid controlled] as shown.]

.7.5 Val ve Mounti ng

Val ve nounting provisions shall be [base] [in-line] [manifold] [or]
[subplate] as indicated. Munting surfaces, dinensional criteria, and
general criteria of subplate nmounted type valves for 20.7 MPa3, 000 ps
maxi mum hydraul i c service shall conformto NFLPA T3.5.1.

.7.6 Val ve Materials and Conponents

.7.6.1 Val ve Bodi es

Val ve bodies shall be [steel] [brass] [cast iron] [aluminun] [or] [
as indicated. Valve body bores which contain pistons, poppets or spools
shall be finished to 203 nanoneters 8 mcroinch rms and shall be round and
straight to within 1.3 mcronmeters 50 nmillionths of an inch

.7.6.2 Poppet Materi al

Poppet material shall be [soft seal (nitrile rubber)] [nylon] [solid netal]

[or] [_____ 1.

.7.6.3 Port Style and Port Connections

Port style shall be [NPTF] [SAE straight thread] [flare tube] [or]
[ ]. Port connections shall be for [tapped conductors] [or] [socket
wel d couplings].

.7.6.4 Seal Conpound

Seal conpound shall be [Buna N [nitrile rubber] [or] [fluoroel astoner].

.7.6.5 Spools

Spool s shall be steel case hardened to 50 Rockwell C, mininum Spoo
movenent shall be by [manual actuation] [nechanical actuation] [hydraulic
pilot] [air pilot] [or] [solenoid]. [Mnual actuator shall be a [push
button] [hand lever] [or] [foot pedal].] [Air pilot operated contro
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val ves shal |l have bronze housings and stainless steel spools.]

.7.6.6 Solenoids

Sol enoids shall be [ac] [or] [dc] [wet armature] type and [pull-in] [or]
[drop-out] style. Solenoids shall be [spring offset, single] [spring
centered, double] [or] [detented, double] nodel. Sol enoids shall be

nmoi sture proof where indicated.
.8 I NTENSI FI ERS ( BOOSTERS)

Intensifiers Boosters shall be [oil-to-0il] [air-to-o0il] type. The driving
cylinder bore size and operating fluid nmedium the nounting style, and a
manufacturer's series identification (or equal) shall be as shown. [For
cylinder-to-ram (piston) intensifiers, ramdianeter shall be as shown.]

[ For cylinder-to-cylinder units, output cylinder bore shall be as
indicated.] Inlet and outlet pressures and intensification ratio shall be
as indicated. Intensifier shall be designed for use with petrol eum base
hydraulic fluid unless otherw se indicated. The manufacturer shall produce
evidence that all dynam c seals are suitable for both frequent and

i nfrequent operation and are capable of not |ess than 500,000 cycles of
operation in systens properly nmaintained. The intensifier shall be capable
of continuous operation under severe operating conditions at discharge
pressures up to the indicated maxi mumcircuit pressure.

.9 FLU D COOLERS ( HEAT EXCHANGERS)

Fl uid cool ers (Heat Exchangers) shall be [water-cooled] [or] [air-cool ed]
type and shall have the cooling capacity indicated

.9.1 Air-Cooled

Air-cool ed type shall have a core of [oval -tube and plate-fin] [round-tube
plate-fin] [or] [individual finned round tubes]. The cooler shall be

equi pped with an electric notor-driven fan, selected to provide the air

fl ow volume through the core to ensure that the cooling requirenents are
met. Qperating sound |level of fan and notor shall not exceed 85 dBA.

.9.2 Water-Cooled

Wat er-cool ed type shall be [shell-and-tube] [plate type] construction

[ Shel | -and-tube type shall be arranged to handl e water through the tubes
and the hydraulic fluid through the shell.] [Shell-and-tube construction
shal |l be arranged as [U-tube] [straight tube] [fixed tube bundle] [straight
tube, renovable bundle] type.]

.10 FI LTRATI ON EQUI PMENT

Fluid filters shall be located as indicated. Nom nal and absol ute ratings
shal | not exceed the values indicated. Filters shall be [depth] [surface]
type. Pressure drop through each filter shall not exceed the val ue
indicated at the given maximum flow rate. Elenents for depth type filters
shal |l be [resin-coated] [paper] [synthetic fiber] [vinyl menbrane] type.

El ements for surface filters shall be [wire cloth] [nylon cloth]. [Filter
casings for installation in pressure lines shall have a working pressure
rating in excess of the specified maxi mum punp di scharge pressure.] [Filter
casing for separate filtration circuits shall have a rated working pressure
in excess of the maxi num pressure of the filter circuit.] Filters shall be
provided with [adjustable] [nonadjustable] [internal] [external] bypass.
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[An indicator shall be provided to show when the bypass has opened.] The
cracking pressure of the bypass on pressure filters shall be as indicated.
The cracking pressure of the bypass on filters installed on the suction
side of punps shall be as required by the punp manufacturer

11 LI NES AND FI TTI NGS
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NOTE: Unl ess the designer needs to nake the
choi ces, because of unique criteria situations,
selection of materials and configurations should
remain as Contractor's options and the brackets
shoul d be renmoved

The contents of these paragraphs are dependent on
design requirements which nmay necessitate revision
or expansion to cover different conditions and
standards. In sone cases, systemdesign nay permt
conbi ni ng test connections and drain or vent val ves;
in other cases, separate valves for each function
will be required.
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Pi pi ng and tubi ng connections shall be designed and installed to permt
qui ck renoval and reassenbly with hand tools.

11,1 Pipe

Unl ess ot herwi se indicated, hydraulic pipe shall be seanl ess steel pipe
conform ng to ASTM A106/ A106N, Grade B. Piping weight class shall be
[standard] [extra strong] [double extra strong] [Schedule 160]. Pipe shal
conformto the cleanliness requirenments of |SO 10763.

.11.2 Pi pe Fittings and Fl anges

Pipe fittings shall be steel. Fittings that incorporate separate
synthetic, or netal-to-netal seals, or seals that seal with pressure, shal
be equi pped with Unified National Fine (UNF) straight thread port
connections. Fittings that incorporate synthetic, or metal-to-netal seals,
or seals that seal with pressure, may be used with pipe thread port
connections. Pipe flanges shall be steel, [ | ] MPa psi steam working
pressure rated, and shall be faced for use with netallic Oring gaskets.

Fl ange bolts shall be steel and shall have steel self-Ilocking nuts.
Mechani cal connections, proven suitable for the pressure and service, nmay
be used instead of flanged connections. The seals shall be conpatible with
the hydraulic fluid used in the system Threaded fittings shall conformto
ASME B16. 11 forged carbon steel, pressure class C ass [2000] [3000] [6000]

[ 2000] [3000] [6000] pounds threaded in conformance with ASME Bl. 20.2M
ASME B1.20.1 or ASME B1.20.3. Wlded fittings shall conformto

ASTM A234/ A234N, Grade WPB. Fl anges shall conformto ASTM A182/ A182N

grade suitable for pipe to which attached. Facing on flanges shall be in
accordance with ASME B16. 5.

.11.3 Tubing and Fittings

Tubi ng shall be seanl ess or wel ded steel tubing confornmng to | SO 10763.
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2.11.3. 1 Wal | Thi ckness

Wal | thickness for each size not otherw se indicated shall be selected to
provide a safety factor of six based on the manufacturer's ratings for
burst strength.

.11.3.2 Fittings

Sol derl ess steel fittings shall be used. Connections nay be flared,
flareless, self-flaring, or equivalent. Wen flared-type fittings are
used, the tubing end of the connector body, nut, and sl eeve when used,
shal |l be 37 degrees fromcenter (74 degrees included angle), and shal
conformto SAE J514 for m ni mum performance requirenments. Copies of test
reports for all tubing fittings shall be submitted with detail draw ngs.
Adapters for connecting tubing to threaded pipe ports shall be straight
thread type with | ocknut, washer, and Oring seal. Fittings that

i ncorporate separate synthetic or netal-to-netal seals, or seals that sea
with pressure shall have UNF straight-thread port connections. Fittings
that incorporate synthetic, or netal-to-netal seals, or seals that sea
with pressure may be used with pipe thread port connections.

.11. 4 Fl exi bl e Li nes

Fl exi bl e hydraulic lines shall be wire reinforced, high-pressure type hose
with synthetic rubber Iining and outer cover. Synthetic rubber shall be
sel ected for maxi mum conpatibility with the hydraulic fluid specified for
use in the system Flexible hose shall be rated by the manufacturer for a
wor ki ng pressure not |ower than the system operating pressure indicated.
Fittings shall be specifically designed for use with the hose sel ected and
shal | be as recommended by the hose manufacturer. Fittings shall be
[stainless steel] [carbon steel] and shall have straight or el bow ends as
best suited to the installation conditions. Fittings shall be [reusabl e]

[ permanently attached] type. Each hose assenbly shall be factory assenbl ed
usi ng procedures and tools reconmended by the manufacturer of the hose.

.11.5 Manifolds

Provi de manifol ds where indicated. Each manifold nust be [cast] [rmachined
fromsolid plate] [constructed by lanminating two or nore pl ates together by
furnace brazing]. Machine snooth ports and passages, free of burrs and
sharp edges. Machine surfaces to which valves and other conponents wll be
mount ed snooth and flat. Machine counterbores to hold Oring port seals to
di mensi ons reconmended by the Oring manufacturer

.12 HYDRAULI C FLU D

Supply a sufficient amount of hydraulic fluid, of the type specified and as

recomended by the fluid manufacturer, to conpletely fill the system
initially plus at | east 10 percent additional reserve fluid. Also provide
extra fluid to make up all | osses resulting fromventing operations, from

servicing filtration equiprment, fromleakage and fromall other causes
before final acceptance. Check the fluid Ilevel and bring to the proper
operating level imediately after satisfactory conpletion of fina
acceptance tests. Deliver the hydraulic fluid to the site in unopened
containers with factory seals intact. Cearly label containers in
accordance with ASTM D3951. Hydraulic fluids nust be certified by the
manuf acturer as fire-resistant in conformance with NFLPA T2.13.1. Fluid
shall be [water-glycol] [synthetic] [water-in-oil enulsion] type. Fresh
hydraulic fluid shall be filtered to 10 micron | evel
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.13 PACKI NG GASKETS, AND SEALS
Hydraul i ¢ conmponents shall be equi pped with seals, packings, gaskets, and
Orings selected and recomended by the respective manufacturers for

maxi mum conpatibility with the particular hydraulic fluid specified for use
in the system

.13.1 Static Seal s

Static-type seals shall be arranged to seal with pressure and shall be
provided with backup rings or other approved confining devices to prevent
mat eri al extrusion during expansion and contraction resulting from pressure
and tenperature changes. Static-type seals shall be continuous rings.
.13.2 Dynami ¢ Seal s

Dynam c seals may be lip, cup, V-ring, Uring, flange, or squeeze type,

unl ess otherwi se specified or indicated. Split netallic rings (autonotive
type) may be used only when specifically indicated.

.14  ACCESSORIES

Accessories shall conformto the foll ow ng:

.14.1 Bolts, Nuts and Cap Screws

ASME B18.2.1, ASME B18.2.2, ASME B18.6.2 or ASTM A574, as applicable. Al
bolts, cap screws, and nuts not otherw se indicated or specified shall be
medi um carbon steel and shall be cadm um plated. Threads shall conformto
ASME Bl. 1.

.14.2 Locknuts

I FI 100/ 107 for hexagon | ocknuts, prevailing torque type, or a type
standard with the manufacturer provided they neet or exceed the
requirenents of the I Fl specifications.

.14. 3 Setscrews

ASME B18.6.2 unless otherw se indicated or specified. Setscrews shall not
be used for transmtting torsion

.14.4 Met hods of Securing Fasteners

Al'l fasteners not secured by nechani cal devices, such as | ock washers,
cotter pins, safety wire, or locknuts, shall have the threaded portion of
the fastener coated with sealing/locking conpound, Grade E or Grade B, as
applicable, before installation. Fasteners shall be cleaned of all
rust-inhibiting conpounds and | ubricants before applying the

seal i ng/ | ocki ng conpound.

.14.5 Keys and Keyways

ASME B17.1 or ASME B17.2, unless otherw se specified or required.

.14. 6 Pi pe Hangers and Supports

M5S SP-58
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15 SHAFT COUPLI NGS

Shaft Couplings shall have strength equal to the full strength of the
shafting which they connect and shall be pressed and keyed thereon. In
determning the coupling capacity, the manufacturer's rating shall be
divided by a service factor of [1.5] |

.15.1 FI exi bl e Coupl i ngs

Unl ess ot herwi se indicated, flexible couplings shall be of forged steel and
shall transmit torque by [a steel grid spring fitted into grooves in the
peri phery of the coupling's hubs] [external gear teeth on hubs engaging in
internal gear teeth in the coupling sleeves] [or] [flexible annular discs
bolted alternately to the end flanges and center nenber by body bound
bolts]. [Flexible couplings of the [geared] [or] [grid] type shall be
fully enclosed and sealed to retain lubricant and shall be oil-tight under
both static and operating conditions.]

.15.2 Ri gi d Coupl i ngs

Ri gid couplings shall be cast or forged steel and shall be flanged or
conpression type with recessed bolts.

.16 PRESSURE GAUGES

Pressure Gauges shall conformto ASME B40.100 with [ bl ack enanel ed
corrosion-resisting nmetal case] [phenolic case]. The scale range of the
gauge shall be approximately tw ce the maxi mum pressure of the circuit in
which installed. Gauges shall be safety type with solid fronts and bl owout
backs. Each gauge shall be provided with an approved gauge snubber. Al
permanently install ed gauges shall have a shutoff valve arrangenment to
permit isolation of the gauge and snubber fromthe rest of the system

.17 SHIMS

Shins shall be provided in graduated thicknesses which shall permt
adjustnent in increnents of 0.13 mm 0.005 inches fromO to 6.4 M 0 to 1/4
inch. Shins for use between machi nery conponents, subassenblies, or

machi nery bases and mounting brackets and unfinished surfaces of structura
menber shall provide adjustnent in increnents of 0.79 nm 1/32 inch fromé6.4
mm 1/ 4 inch to 150 percent of the shimallowance indicated. Tapered shins
shal |l be provided as required to accurately align nmachi nery conponents and
bases which are nounted directly on unfinished structural steel surfaces.
Fi el d measurenents shall be taken to deternine the exact anmpunt of taper
required to obtain proper alignnment. Mterial for all shinms shall be

Al ST PB-229, Types 304 or 316 unless otherw se indicated.

.18 EQUI PMENT BASES

Noni nt egral equi pment bases including brackets and nmounts shall be

al | -wel ded construction and shall be fabricated of ASTM A36/ A36N st eel

After installation and final adjustnment of all the system conponents on the
equi pnent bases in the shop, each piece of equipnent shall be positively
secured in place by dowels to ensure accurate | ocation during installation
inthe field. Shear blocks nay only be used where installation of dowels
is conpletely inpractical
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2.19 CONTROL COVPONENTS
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NOTE: 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 programed controller is used in nodern
fluid power systens where a series of operations is
to be performed in a sequential order on each

cycle. It can be programmed to cause a numnber 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 progranmabl e, consisting
of a consol e plugged into 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.

c. To counter unwanted oscillation in sone types of
actuators, where axis novenment or |oad change causes
actuator deflection coupled with the mass of the
actuator systemand results in danagi ng or undesired
oscillation, mcroconputer-based el ectroni c nodul es
can be programmed to conmpute vel ocity and

accel erati on danpening oscillation and permtting
faster operating speed and greater accuracy. This
elimnates the need for actuator sensors to provide
position, speed, and accel eration feedback, and

el i m nat es harnesses and connectors associated with
sensors.

d. Electronic control conponents are used to build
el ectrohydraulic control systens and include power
supplies and anplifier nodules to supply proper
input to the various servo valves, control punps,
pressure val ves, and flow control valves that
conpri se an el ectrohydraulic controlled system
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2.19.1 Control Devices and Wring
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NOTE: Wien expl osi on proof enclosures are required,
fill in the blanks indicating the hazard
classification. Were nore than one type of

encl osure is required, expand the sentence to

i ndi cate where or how each type is used.
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Manual or automatic control protective or signal devices required for the
specified operation and all control wiring for these controls and devices
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shal | be provided whether indicated or not. Electrical control devices
shal | have m ni mum current and voltage ratings in accordance with the
requirenents of NEMA ICS 2 contact rating designation A 300, as applicable
unl ess larger ratings are indicated or 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 [general purpose] [weatherproof] [NEMA Type 4 for [exterior]
[interior] [hazardous] [nonhazardous] application] [corrosion-resistant] [
NFPA 70 Class [___ ] Division [___ ], expl osion-proof] enclosures as

i ndi cated. Conponents shall be electronically and el ectrohydraulically
controll ed as indicated.

2.19.2 Pressure Swi tches

*kkkkkkkkkkkkkkkkkkkkkkkkkhkhhhhkkkkkkkkkkkkhkhhkhhkkkkkkkkkkkkhkhhkhhkhkkkkkkkkkik

NOTE: \Where differential pressure linits are
essential to the design, the particular limts
shoul d be stated on the drawi ngs. Were specific
types of actuators are required, include the
applicable type or types. \Were nore than one type
is used, expand the sentence to include where or how
each type is used. Were adjustable-setting
switches are used, delete the brackets fromthe
sentence regarding the upper limt of adjustnent.

I f manual reset switches are used, indicate on the
drawi ngs those sw tches which are included, and
delete the brackets fromthe |l ast sentence.
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Pressure switches shall have the operating pressure [settings] [and]
[ranges] [and nmaxi mum al | owabl e differentials] indicated. Actuators shal
be of the [bellows] [piston] [Bourdon tube] [diaphragm type [indicated]
[required for the operating conditions]. Actuators shall have a rated
proof or shall wi thstand pressure of not |ess than 150 percent of the

maxi mum possi bl e pressures for the systens in which they are installed.

[ The maxi num setting for switches with an adjustabl e range of operating
pressures shall be limted to 80 percent of the proof pressure ratings.]
Actuators shall be fabricated frommaterials which are conpatible with the
fluids enployed. Switches shall be the automatic reset type [except where
manual reset type are indicated].

2.19.3 Limt Switches
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NOTE: Where a very critical switch operation is
requi red, such as a safety stop, positive drive
switch installations are sonetinmes used. If a
normal | y-cl osed contact should weld cl osed
accidentally, the positive drive will either break
the weld and open the circuit or destroy itself in
the attenpt. Where such drives are required, delete
the brackets in the appropriate sentence and incl ude
suitable information on the drawings. |f nmanual
reset switches are used, indicate themon the

drawi ngs and del ete the brackets fromthe | ast
sentence of paragraph "Pressure Switches."
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Limt switches shall have activating nmechanisns of the [roller arn] [push
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rod] [plunger] [fork] type [indicated] [required to detect the particular
positions]. Except where manual reset type is specifically indicated,
activating nmechanisns and switch nmountings shall be arranged so that over
travel of the nonitored nenber will not danage the activator and switch

.19.4 Manual Swi tches

Manual | y- operated switches, including pushbutton sw tches, selector

swi tches and key-operated switches, shall be heavy-duty oil-tight type
conformng to the requirements of NEMA ICS 1. Switches shall be nonmentary
contact type with standard operators [except where naintai ned contacts or
speci al operators, such as nushroom head, illum nated button, and | atching
button are indicated].

.19.5 Relays

Rel ays used in control circuits shall be industrial magnetic control relays
conformng to NEMA ICS 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 overlapping or nonoverl appi ng.

.19.6 Timers

Ti m ng devices shall be electrically-activated [synchronous notor] [oi
dashpot] [pneunatically] [electrically] [___ ] -timed type with adjustable
timng ranges as indicated. Where the adjustnent range is not indicated,
range shall be adjustable fromat |east 50 to 150 percent of the del ay
setting indicated, specified, or required. Tinmers shall provide tinme del ay
on energizing and shall be of the automatic reset type unless otherw se
indicated.

.19.7 I ndi cating Lights

Indicating lights shall be the oil-tight type with jewel color as
indicated. Light unit shall be the integral transformer type with 6-8 volt
| anp and shall be fitted with a glass color cap

.20 CONTROL CONSOLES AND VALVE AND GAUGE PANELS
.20.1 Control Consol e Construction

The control console shall include a basic frane with netal panels fully
custom fabricated as specified, or nmay consist of custom nodul es using

st andar di zed components where avail able to neet the dinmensional and
functional characteristics indicated and specified. Unless otherw se

i ndi cated, the console shall be constructed of steel neeting the
requirenents of NEMA ICS 6. Steel sheet shall conformto ASTM A659/ A659N
Renovabl e panels shall be secured in place using captive, spring |oaded,
sel f-1ocking spring nuts and hardened sheet netal screws. Screws and nuts
shal |l be corrosion-resistant material or shall have corrosion-resistant
protective coating. Access panels shall be secured with spring | oaded
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 di ssipate the heat generated within the console. Specia

equi prent supports and gui des shall be provided as required to support the
equi prrent and ot her conponents within the console. Unless otherw se
specified, interior and exterior surfaces shall be finished with one coat
of primer and two coats of manufacturer's standard finish
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2.

2.

20.2 Val ve and Gauge Panel s 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
convenient for the connection of external lines. Primer and finish shal

be manufacturer's standard coati ng.

.20.3 Namepl ates and I nstruction Plates

Nanmepl ates shall be provided for each device on the control console, valve
panel s and gauge panels. Naneplates shall clearly indicate the function of
each device and, in the case of manually-operated controls, shall indicate
the condition established for each position of the control. Instruction

pl ates shall clearly indicate the proper procedures and sequences of
operations to activate the system to operate the system and to secure the
system after conpletion of operation. Lettering on nanmeplates shall be
machi ne-engraved on plastic lamnate with white characters on a bl ack

background. Instruction plates shall contain pernanent black letters on a
whi te background. Instruction plates shall be nounted on a rigid backing
and covered with clear, rigid plastic sheeting. Instruction plates shal

be nounted in a location easily visible to an operator stationed at the
consol e or panel

.20.4 Security Provisions

Control consoles shall be constructed and installed to prevent unauthorized
or accidental operation of the system [The main power control swtch
mount ed 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.]

.20.5 Weat her Protection

Control consol es and val ve and gauge panels exposed to the weat her or
subjected to water or dirt in the atnosphere shall be NEMA Type 4 for
exterior [hazardous] [nonhazardous] application. Enclosures shall have

hi nged and | atched covers. Hinges shall be separable type to permit

conpl ete renoval of the cover for nmintenance. Hinges and |atches shall be
constructed of corrosion-resistant steel or approved nonferrous netals.

.21 TEMPCRARY CORROSI ON PROTECTI ON

Unpai nted netal surfaces shall be protected from corrosion during shipnrent,
storage at the site, and during construction operations so that the
surfaces are free of corrosion until application of final field finish

The tenporary coating shall be conpletely renoved and the surfaces properly
prepared for final finishing as specified in Section 09 90 00 PAINTS AND
COATINGS. Products, including punps, reservoirs, cylinders, and simlar
assenbl i es, shall not be provided unpainted or with tenmporary coating, but
shal |l be factory finished as specified.

22 ELECTRI C MOTCRS AND CONTRCLS

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhhkkkkkkkkkkk

NOTE: \Where notor starters are provided in notor
control centers, delete the reference to notor
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starters.
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El ectric notor-driven equi pment shall be provided conplete with notors
[motor starters] and controls. Electric equipnment and wiring is specified
in [Section 26 20 00 | NTERI OR DI STRI BUTI ON SYSTEM ] [Section 33 71 02
UNDERGROUND ELECTRI CAL DI STRIBUTION.] [Section 33 71 01 OVERHEAD

TRANSM SSI ON AND DI STRI BUTION.] Electrical characteristics shall be as

i ndi cated or specified. [Mdtor starters shall be provided conplete with
properly sized thermal overload protection and ot her appurtenances
necessary for the notors specified.] Mnual or automatic control and
protective or signal devices required for the operation, and any contro
wiring required for controls and devices but not shown on the electrica
drawi ngs, shall be provided. Were two-speed or variabl e-speed notors are
i ndi cated, solid-state variable speed controller nmay be provided to
acconplish the speed function. Each notor shall be sized | arge enough to
drive the equi pment at the specified capacity w thout exceeding the

nanepl ate rating of notor when operating at proper electrical system
voltage.

PART 3 EXECUTI ON

3.

1 EXAMINATION

After becoming famliar with all details of the work, verify dinensions in
the field and advise the Contracting Oficer of any discrepancy before
perform ng the work.

.2 INSTALLATION

Installation of hydraulic conponents shall be in accordance with the
manufacturer's witten instructions and under the direction of the
hydraulics technician. Conplete units or assenblies shall be installed

wi t hout di sassenbly. Necessary supports for all appurtenances, punps,

nmot ors, heat exchangers and ot her equi pnent or conponents shall be

provi ded. Floor-nounted equi pnent shall be anchored to concrete pads by
dowel s set in the concrete. Shear bl ocks may only be used where
installation of dowels is conpletely inpractical. Concrete for foundations
shall be as specified in Section 03 30 00.00 10 CAST-| N PLACE CONCRETE.
Drain lines shall be installed fromthe reservoir to each conponent
requiring a drain connection. All valves and other fluid control devices
shal |l be nobunted as indicated. Munting subplates shall be installed on
rigid supporting surfaces in a nmanner that will preclude inposition of
forces on the piping and tubing other than those created by fluid pressure
alone. Shinms shall be provided at |ocations required to pernit proper

adj ustnent, alignnent, and position of system conponents and assenbli es.
Conponents shall be nmarked to indicate pertinent operational requirenents,
warni ngs, and limtations such as maxi nrum al | owabl e operating pressure,
tenperature, velocity, range of adjustnent, flow capacity, stroke
direction of flow, rotation or nmotion, safety precautions, and materials
conpatibility. The markings shall be by stanping or enbossing on the
component or on an attached plate or tag which shall, barring nutilation
remain affixed and legible for the life of the conponent.

2.1 Installation Drawing Subnitta

Submit drawi ngs consisting of a conplete list of equipnent and materials,
i ncludi ng manufacturer's descriptive and technical literature; catal og
cuts; performance charts and curves; and installation instructions.
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Drawi ngs shall also contain conplete wiring and schematic di agrans and
other details required to denonstrate that the system has been coordi nated
and will properly function as a unit. Drawings for notors, actuators,
cylinders, punps, controls, and other conponents shall be included. Mving
parts fluid control diagrans shall follow the nethods in NFLPA T3.28.9.
Drawi ngs shall show proposed | ayout and anchorage of equi pnment and
appurtenances, and equi pnent relationship to other parts of the work

i ncluding clearances required for mai ntenance and operation. Details shal
i nclude | oadings and types of franes, brackets, stanchions and other
supports, and pipe anchors for supported pipe and equi prent. Foundation
drawi ngs shall include bolt setting information for equi prment indicated or
required to have concrete foundations.

.2.2 Conponents and Subassenblies

Conponents shall be securely mounted to the supporting surface. Care shal
be exercised that fastenings are not overtightened to the extent that
conmponent bodi es are distorted or damaged. Pivot type nountings shall be
carefully aligned to ensure free operation throughout the entire range of
movenent. Cylinders shall be carefully aligned so that no side |oads are
i nposed on the piston rod at any point in the full stroke. Subassenblies
shal | be nobunted and braced i ndependently of the connecting |ines.

.2.3 Connections to Mechani sns

Punps and notors shall be carefully aligned with the mechani snms to be
operated and shall be shinmed as necessary to elimninate angul ar and radi al
m sal i gnment between the mating shafts. Shaft couplings which require

| ubrication shall be lubricated at the tine of installation. Pivot-type
connections shall be lubricated at assenbly.

.2.4 Ri gi d Conductors

Hydraul i c pi pe and tubing shall be securely nounted and anchored to
structural nenbers. Supports and anchors shall be |ocated as indicat ed.
Guards shall be provided at all |ocations where the structure does not
provide protection for the lines from damage due to novenent of personne
and equi pnent. Seals shall not be renoved from pi pe and tubi ng assenblies
or fromports on conponents until the Iines are ready for connection

Provi sions, including but not limted to providing portable screens and
shelters, shall be taken to minimze the entrance of abrasives, dirt, netal
chips, and other foreign materials into the hydraulic systemthrough open
ends of lines and ports of conponents.

.2.5 Fl exi bl e Conductors

Fl exi bl e conductors shall be installed in accordance with the

manuf acturer's recomendati ons. Special care shall be exercised to avoid
inmparting any twist in the conductors during tightening of fittings.
Supports shall be provided and | ocated to prevent conductors from
contacting and chafing against fixed menbers.  anps and straps used to
support hoses shall be provided with soft resilient sleeves, |inings or
bushings to prevent cutting and abradi ng of the hose. The routing of

fl exi bl e hoses shall be arranged to preclude inparting a twist in the hose
due to relative notion between the conponents to which the hose is
connected. The m ni mum bend radius of the hose shall not be | ess than that
recommended for the particular hose size and maxi nrum system operati ng
pressure. Heat shields or insulating jackets shall be provided where hose
passes cl ose to heated surfaces.
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3.2.6 Installation of Tubing

Tubi ng shall be cut square using tube cutters specifically designed for the
material to be cut. The use of hacksaws or other chip-produci ng equi pnent
will not be permtted. Burrs shall be conpletely renoved after the tubing
is cut and the inside dianeter of the tube shall be chanfered slightly.
After the cutting and deburring operations, all nmetal fragnents shall be
removed fromthe tubing interior and fromsealing surfaces. Tube benders
desi gned and reconmended by the manufacturer shall be used for bending
stainl ess steel tubing of the wall thicknesses and sizes specified for the
installation. Bends shall be accurately nade to the proper angle so that
fittings align properly and nate w thout application of force or springing
of the tube or fitting and alignnent shall be true enough so that threads
may be engaged and hand turned not less than three turns. Bends shall be
completely free fromwinkling, and flattening shall not exceed 5 percent
of the outside dianeter. Tube benders shall be provided with necessary
radi us bl ocks, slide blocks, and special close radius blocks, as required
to adapt the bending tools to the requirenents of the work. Were
necessary to ensure properly fabricated bends, internal mandrels of proper
diameter for the size and wall thickness of the tubing shall be used.

3.2.7 Test Connecti ons

Test connections and test val ves shall be provided at each | ocation
indicated. Unless otherwi se indicated, all test connections shall be 6.4 mm
1/4 inch size.

3.2.8 Wel ded Installation

Hydraul i c pi pe wel dnments shall be as indicated. Changes in direction of

pi ping shall be made with welding fittings only; mitering or notching pipe
to formel bows and tees or other sinilar type construction will not be
permitted. Branch connection may be nmade with either welding tees or
forged branch outlet fittings. Branch outlet fittings shall be forged,
flared for inprovenent of flow where attached to the run, and reinforced
agai nst external strains. Beveling, alignnent, heat treatnent, and

i nspection of welds shall conformto ASME B31.1. Wl d defects shall be
removed and repairs made to the weld, or the weld joints shall be entirely
removed and rewel ded at no additional cost to the Government. After filler
met al has been renoved fromits original package, it shall be protected or
stored so that its characteristics or welding properties are not adversely
affected. Electrodes that have been wetted or that have | ost any of their
coating shall not be used.

3.3 MANUFACTURERS' FI ELD SERVI CES

Provi de services of a manufacturer's representative who is experienced in
the installation, adjustnent, and operation of the equi pment specified.
The representative shall supervise the installation, adjustnment and tests
of equi prent.

3.3.1 Hydraul i ¢ Techni ci an

Provi de services of a hydraulics technician to coordinate and supervise the
installation, adjustments, tests, and field instructions for the hydraulic
system The hydraulics technician shall have at |east 3 years of current
experience in the installation and operation of simlar systens and shal

be recommended by the system supplier or nay be the manufacturer's
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representative.

.3.2 Field Instructions Preparation

Subnit proposed diagrans, instructions, and other sheets, before posting.
Wring and control diagrans showi ng the conplete |layout of the entire
system i ncl udi ng equi pnent pi pi ng, val ves, and control sequence, franed
under glass or in lam nated plastic, shall be posted where indicated for
| ocal operator and nmaintenance assistance. |In addition, condensed
operating instructions explaining preventive mai nt enance procedures,

met hods of checking the system for normal safe operation, and procedures
for safely starting and stopping the systemshall be typed, franed as
specified for the wiring and control diagrans, and posted beside the
diagrans. Post the framed instructions before acceptance testing of the
systems.

4 FI ELD TESTS AND CLEANI NG OF HYDRAULI C LI NES

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: If the hydraulic systemis delivered as a

sel f-contai ned packaged unit, tested, seal ed, and
certified by the manufacturer, delete the second

par agraph under SD-06, Repair Requirenents, under
par agraph SUBM TTALS and al so this paragraph and its
subparagraphs in their entirety.
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Secure the services of a hydraulic engineer or technician, as approved by
the Contracting Oficer, for [ ] working days to nonitor the fina
cleaning and testing of the hydraulic system

a. Subnit test reports in booklet formshowing field tests performed to
adj ust each conponent and field tests performed to prove conpliance
with the specified performance criteria, upon conpletion and testing of
the installed system |Indicate in each test report the final position
of any system controls.

b. As a portion of the cleaning procedure, subnit details of the sanpling
and testing operations and the possible locations for w thdraw ng
hydraulic fluid sanples.

4.1 Proof Testing
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NOTE: |If the work involves nodifications to

exi sting hydraulic systens, delete the brackets in
the first sentence. Oherwi se, delete the
expression within the brackets and the brackets.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Al lines [including reinstalled existing |ines], except conponent drain
lines, shall be proof tested to not |ess than 150 percent of design
operating pressure. Conponent drain lines shall be proof tested to 150
percent of the design working pressure or 690 kPa 100 psi, whichever is the
greater. Al welded, flanged, flared, and threaded connections shall be
carefully exanined for | eakage and all lines shall be inspected for

evi dence of defl ection caused by inadequate anchorage. The proof test
medi um shall be either the fluid approved for use in the systemor a

fl ushi ng conpound specifically approved for use by the manufacturer of the
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fluid approved for use in the system
mai nt ai ned | ong enough to permit thorough and conplete inspection but

case less than 1 hour for each test.

4.

2

Fi el d C eaning

NOTE: |If the work involves nodifications to

exi sting hydraulic systenms, delete the brackets in
the first sentence. Qherw se, delete the
expression within the brackets and the brackets.

The allowable Iimt of contamination in this
paragraph is subject to the specific project design
requi renments which nmay necessitate revision or
expansi on to cover varying standards of acceptance.
The amount and sizes of particles which any given
conponent can tolerate is a function of the

cl earances between noving parts, the frequency and
speed of operation, and the materials of
construction. Tol erances range fromlow 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 tines cleaner (SAE J1165 15/12). Genera
gui delines are as follows:

Proof test pressure shal

System Type Code Leve
Low pressure - nanual control 18/ 15 or better
Low to nedi um pressure - 17/ 14 or better

el ectrohydraulic controls

Systems with servo or proportional 17/ 14 or better
control valves

Hi gh pressure - servo controlled 15/ 12 or better

Hydraulic fluid power equipnent is rated according

to maxi mum pressure. Generally |low pressure is 0 to
4.1 MPa 0 to 600 psi, nediumpressure to 21 MPa 3000

psi, and high pressure to 35 MPa 5000 psi.

Results of nicroscopic particle count in accordance
with SAE AS598 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. Segnents of the ordinate
are assigned code levels and the code | evel for
particle sizes greater than 15 nicrons is reported
as the nunerator and the code |evel for particle
sizes greater than 5 microns is reported as the

denom nator in the pair of range nunbers in the |ISO

(I'nternational Organization for Standardization)
Solid Contam nant Code, as identified in SAE J1165.
H gher code | evels indicate higher particle counts
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per mlliliter. Exanple: 15/12 neans a code | evel
of 15 for particles greater than 5 nmicrons 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
contam nation | evel s and anal ysis and have avail abl e
portable kits for nore general detection of
contamination.
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After proof tests have been satisfactorily conpleted, field installed
hydraulic lines [including reinstalled existing lines] shall be cleaned in
place. Subnit a detailed field cleaning procedure for approval in
accordance with paragraph SUBM TTALS not less than [___ ] days before
start of cleaning operations. The procedure shall include detailed
description of equipment, materials, fornulations of cleaning agents,
solution tenperatures, duration of each phase of the cleaning operation
met hod of renoval of cleaning agents, and nethod of drying after cleaning.
The procedure shall free the systemof particles so that the contam nation
| evel shall be below 15/12 [__ ] in accordance with SAE J1165

Col I ection of samples and conduct of tests shall be performed by an
approved i ndependent testing | aboratory selected by the Contractor. The
sanpl es shall be exam ned for particle size and popul ation count by the
mllipore or equivalent nethod in accordance with SAE AS598. Tabul ati on of
particle size and popul ation shall be in accordance with the size groupings
in accordance with SAE J1165; and to the extent possible, particles shal
be visually identified as netallic or nonnetallic, nmagnetic or nonmagneti c,
and by color and conposition. Fluid shall be circulating in the system at
not |ess than systemdesign fluid operating velocity during wthdrawal of
the sanples. Three 500 nmilliliter size sanples shall be taken at random

| ocations in each flushing of the system [|f any sanple does not conply
with the permissible contanination linmts, the systemshall be recl eaned
and reinspected. Accessible interior portions of the systemshall also be
subj ected to visual and wi pe tests and any evi dence of contam nants
exceeding allowable Iimts shall require recl eaning of the system

. 4.3 Fi el d Training
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NOTE: The blank will be filled with the appropriate
nunber of hours required for giving instructions.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Provide a field training course for designated operating staff nenbers.
Trai ning shall be provided for a total period of [__ ] hours of norma
working time and shall start after the systemis functionally conpl ete but
prior to final acceptance tests. Field training shall cover itens
contained in the Operation and Mai ntenance Manual s.

.4.3.1 Oper ati on Manual

Submit operating instructions outlining the step-by-step procedures
required for system startup, operation, and shutdown. The instructions
shal | include the manufacturer's nane, nodel nunber, service nmanual, parts
list, and brief description of all equipnent and their basic operating
features. Field cleaning procedures designed to clean the systemto the
requi renents specifi ed.
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3.4.3.2 Mai nt enance Manua
Submit nmai ntenance instructions listing routine mai ntenance procedures,
possi bl e breakdowns and repairs, and troubl eshooting guides. The
instructions shall include equipnent |layout and sinplified wiring and
control diagrans of the systemas installed.

3.4.4 Hydraul i c System Fi nal Acceptance Tests

3.4.4.1 Preparation

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: The requirenent for prelimnary tests by the
Contractor before the final acceptance tests may be
del eted for those systens for which the Corps of

Engi neers has the sole responsibility for acceptance
of the systemor for sinple systens which can be
acceptance-tested in one working day and require
only one inspector to observe the test.
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In preparation for the final acceptance tests, and after conpletion of
installation, lubrication, and adjustnent, operate the hydraulic systemto
prove acceptability. Conplete this test not |less than 10 days before
beneficial occupancy. Conduct prelimnary tests at m ni num pressures and
velocities until initial adjustnments have been proven safe for normal
operation. Details of all operations shall be constantly nonitored for
signs of inpending trouble and corrections made as necessary to prevent
damage to equipnment. [A witten statenent that the hydraulic system has
been field tested and neets all operational requirenents shall be furnished
to the Contracting Oficer before scheduling the final acceptance tests.]

3.4.4.2 Conducting Final Acceptance Tests

At such tinme as the Contracting O ficer may direct, conduct the follow ng
conpl ete acceptance tests on the hydraulic systemfor approval. Al tests
shal |l be conducted in the presence of the Contracting Oficer. Each
deficiency or nal adjustnment disclosed by the tests shall be corrected

i medi 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.

3.4.4.2.1 Initial Start-Up

The hydraulic reservoirs shall be inspected to ensure that fluid is at the
proper level. [It shall be verified that the fluid equalizing valve is
fully open.] [The reservoir pressurization systemshall be inspected to
ensure that all valves are open and that the pressure regulating valve is
adjusted to provide the specified pressure in the reservoirs.] [The
accunul at or precharge pressure shall be inspected and adjusted to specified
val ue.] The hydraulic punps shall be started using the controls at the
control console. The operation of the punps shall be inspected for proper
operation and di scharge pressure. [The pressure conpensator shall be
adjusted as required.] [The pressure conpensators shall be adjusted to
equal i ze the discharge pressures.] The discharge pressure of [the] [each]
punp shall be read and recorded. [The pressure relief valve shall be
adjusted to limt systempressure to the specified value.] [The unl oading
val ve shall be adjusted to unload the punps to the reservoir when the
accunul at or has been charged to the specified pressure.] Hydraulic lines
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and conponents which are under pressure shall be inspected for evidence of

| eakage and for evidence of distortion because of inadequate or inproper
support. [Branch circuit pressure reducing valve and relief valve settings
shal |l be inspected and adjusted as required to obtain specified val ues.]

.4.4.2.2 Conbi ned System Tests
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NOTE: The contents of this paragraph are dependent
upon the size and conplexity of the systens covered
by this specification. Conplete testing of the
entire system may necessitate expansion by including
addi ti onal appropriate paragraphs if the system

i nvol ves several subsystens which warrant individua
testing.
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Tests and inspections of [the hydraulic systenml [each branch of the
hydraulic systen] shall be perfornmed concurrently with the testing

speci fied under other sections which test the nechani smoperated by the
hydraulic system During each test operation hydraulic lines and devices
shall be inspected for |eakage and for evidence of distortion due to

i nadequate or inproper support. The pressure in the supply and return
lines for each direction of operation shall be read and recorded. Response
of conponents to operation of applicable controls [on the control consol €]
shall be inspected to ensure that all connections have been made properly.

[ Fl ow control valves shall be checked and adjusted as required to conform
to indicated operating time requirenents.] [Sequence valves shall be

i nspected and adjusted as required to obtain the indicated sequence of
operation.] [Chokes in pilot circuits of pilot-operated valves shall be
adj usted to obtain snooth, shock-free operation.] [Restriction in
external ly piloted counterbal ance val ves shall be adjusted to obtain snooth
operation wi thout vibration.]

.4.4.2.3 Test Logs

NOTE: Edit the list as required.
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Prepare and conplete a test log showing in detail the results of the
tests. Three copies of the conpleted test | og shall be delivered to the
Contracting O ficer not nore than 48 hours after conpletion of the tests.
Prepare a conplete and detail ed tabul ati on showi ng val ues of pressures,
flowrates, and all adjustnents recorded during final tests, adjustnent,
and calibration of the entire system During each test run, the follow ng
data and observations shall be recorded:

a. Control operation

b. Voltages

c. Currents

d. Hydraulic pressures

e. Speeds and tines

f. Flow control valve settings
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g. Alignment and operating cl earances
h. Excessive vibration, by conponent
i. Tenperature of notors and hydraulic fluid

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

.5 PAI NTI NG AND COLOR CODI NG
.5.1 Painting

Al'l exposed exterior surfaces of assenblies and equi pnent except
corrosion-resistant steel, synthetic rubber, and plastic, shall be shop
prinmed and coated as specified: Conplete system including color coding
and piping, shall be painted as specified in Section 09 90 00 PAI NTS AND
COATINGS. Insofar as practicable, the conplete coating systemshall be
applied to individual conponents and itens before assenbly to ensure
conmpl ete coverage and naxi mum protection agai nst corrosion.

.5.2 Pi pe Col or Code Marking

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Designer will coordinate col or code marking
with Section 09 90 00. Color code marking for

pi ping not listed in Table |I of Section 09 90 00
will be added to the table.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Col or code narking of piping shall be as specified in Section 09 90 00
PAI NTS AND COATI NGS.

.5.3 Fi el d Touch-Up

Chi ps, scratches, and ot her damage to shop-applied painted surfaces shal

be repainted in the field. Finish field colors shall match those of marred
finishes.

-- End of Section --
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