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

NATI ONAL AERONAUTI CS UFGS-23 09 33.00 40 (Novenber 2020)
AND SPACE ADM NI STRATI ON

Preparing Activity: NASA Super sedi ng
UFGS-23 09 33.00 40 (Novenber 2015)
UNI FI ED FACI LI TI ES GUI DE SPECI FI CATI ONS
Ref erences are in agreenent with UVRL dated October 2023
ER R IR I I R R R R R I I I R R R R I I R R R R S I I I R R R R I I I I R R R S I I I R O I I I R R R S I I I
SECTI ON TABLE OF CONTENTS
DI VI SI ON 23 - HEATI NG VENTI LATI NG AND Al R CONDI TI ONI NG ( HVAC)
SECTI ON 23 09 33.00 40
ELECTRI C AND ELECTRONI C CONTROL SYSTEM FOR HVAC

11/ 20

PART 1 GENERAL

1.1 REFERENCES
1.2 SUBM TTALS
1.3 QUALI TY CONTRCOL
1.3.1 Predi ctive Testing and I nspection Technol ogy Requirenents
1.3.2 Product Installations
1.3.3 Mat erial and Equi pnent Qualifications
1.3.4 Alternative Qualifications
1.3.5 Servi ce Support
1.3.6 Manuf acturer's Nanepl ate
1.3.7 Modi fications of References
1.4 DELI VERY, STORAGE, AND HANDLI NG
1.5 PRQIECT/ SI TE CONDI TI ONS

PART 2 PRODUCTS

SYSTEM DESCRI PTI ON
FABRI CATI ON
EQUI PMENT
Ther monet er s
Pressure Gages
Control System Val ve Boxes
3.1 Hydr oni ¢
3.2 St eam
Instrunent Air Supply
.1 Air Supply Source
.2 Mechani cal Refrigeration-Type Air Dryer
Power - Cper at ed Danpers
.1 Frame and Bl ade Assenbly
2 Beari ngs
3 Danmper s
4 I nstallation

NN NN©NNWWW
WWWwWUIwwa®LWLN R
RN

w oo

SECTION 23 09 33.00 40 Page 1



Control System Val ve and Danper Operators
1 Qperators

.2 Pneurmati ¢ Operators

.3 El ectric Operators

Central Control Cabinet

Cabi net Construction

Factory Fini shing

Fi ni sh

Graphi c System Portrayal

I nstrunments and Comnponents

Panel | nstrument Tubing

I ndi vi dual System Control Panels
COVPONENTS

Tenperature Sensors

Hum dity Sensors

Recei ver Controllers

Recei ver |ndicators

Space Thernostats

.1 El ectrical Control

.2 Pneumati c Contr ol

.3 Space Thernpstat Accessories

Qut door Reset Ther npst at

| mrer si on Ther nostat s

Ai rstream Thernostats

Li ne- Vol t age Thernostats

10 El ectrical LowLimt Duct Thernost at
Fire Thernostats

12 Heat i ng/ Cool i ng Val ve- Top Ther nost at
13 Room Hum di stats

14 Duct Humi distats

15 High-Limt Duct Hum distats

16 Wat er Tenperature Controllers

17 Buil ding Static-Pressure Transmitter
18 Buil ding Static-Pressure Controller
19 Pressure Transmitter

20 Renot e Pressure Transmtter

21 Renot e El ement | nstruments

22 Airflow Switches

23 Pneumati c Rel ays

24 Swi t ches

NNNNNN
OO WNE

WINNNNNNONNN W

6
3
3
3
7
3.
3.
3
3
3
3
8

NNNNN BN

PhrArbbEAADARAADDEAEARBNDNARRRAA
[
[
g1 o1 O

NESTESESISESENENE SY SY Y SESESENESESESESESEN

2. ACCESSORI ES

5.1 Control and Instrunmentation Tubing
5.2  Valves
2.5.2.1 Di aphragm Control and | nstrunent Val ves (DClV)
2.5.2.2 Gage Cocks

2.5.3 Air-Pressure Reducing Stations
2.5.3.1 Pressure-Reduci ng Stations
2.5.3.2 Pressure Regul ators
2.5.3.3 Particle Filters
2.5.3.4 Conbi nation Filter/Regul ators
2.5.3.5 Airborne-G I Filter
2.5.3.6 Pressure Relief Valves

2.5.4 Pressure Gages

PART 3 EXECUTI ON

3.1 | NSTALLATI ON
3.1.1 Accessibility
3.1.2 Control - And Instrument-Air Tubing Installation

SECTION 23 09 33.00 40 Page 2



w w
W W W w N o

BEww

1
1
.3
4

.1 Copper Tubi ng

.2 Pl astic Tubi ng

Mechani cal Refrigeration Air Dryer Installation
Vi bration |solation

FI ELD QUALI TY CONTRCL
CLOSEQUT ACTI VI TI ES

3.1
3.
3.3

2

Qperator Training
Speci al Tool s
Operation and Mai nt enance

End of Section Table of Contents --

SECTION 23 09 33.00 40 Page 3



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

NATI ONAL AERONAUTI CS UFGS-23 09 33.00 40 (Novenber 2020)
AND SPACE ADM NI STRATI ON

Preparing Activity: NASA Super sedi ng
UFGS- 23 09 33.00 40 (Novenber 2015)

UNI FI ED FACI LI TI ES GUI DE SPECI FI CATI ONS

Ref erences are in agreenent with UVRL dated October 2023

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

SECTION 23 09 33.00 40

ELECTRI C AND ELECTRONI C CONTROL SYSTEM FOR HVAC
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NOTE: This guide specification covers the
requirenents for controls and instrunentation for
ai r handling equi pnent.

Coordinate with drawi ngs to include flow schematic
and control sequence. Indicate solar conpensation
requi renents in accordance with exposure on draw ngs.

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

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

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

[ Section 23 30 00 HVYAC AIR DI STRIBUTI ON applies to work specified in this
section.

][ Section 40 17 30.00 40 WELDI NG GENERAL PI PI NG applies to work specified in
this section.

][ Section 26 60 13.00 40 LOMVOLTAGE MOTORS applies to this section
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]1.1  REFERENCES
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NOTE: This paragraph is used to list the
publications cited in the text of the guide
specification. The publications are referred to in
the text by basic designation only and listed in

t hi s paragraph by organi zation, designation, date,
and title.

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

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

Ref erences not used in the text are automatically
deleted fromthis section of the project
speci fication when you choose to reconcile

references in the publish print process.
EE IR I Sk S S I S S S I O R R R Rk S S Sk S O R R S Ik S I S R R Sk I O

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

AVERI CAN SOC| ETY OF HEATI NG, REFRI GERATI NG AND Al R- CONDI TI ONI NG
ENG NEERS ( ASHRAE)

ASHRAE 90.1 - IP (2019) Energy Standard for Buil di ngs
Except Low Ri se Residential Buildings

ASHRAE 90.1 - Sl (2019) Energy Standard for Buil di ngs
Except Low Ri se Residential Buildings

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

ASME B16. 22 (2021) Wought Copper and Copper All oy
Sol der Joint Pressure Fittings

ASME B40. 100 (2022) Pressure Gauges and Gauge
Attachment s

AVERI CAN VELDI NG SOCI ETY ( AWS)

AWS VWHB- 2. 9 (2004) wel di ng Handbook; Vol ume 2, Wl ding
Processes, Part 1

ASTM | NTERNATI ONAL ( ASTM
ASTM A666 (2023) Standard Specification for Anneal ed
or Col d-Wrked Austenitic Stainless Stee
Sheet, Strip, Plate and Flat Bar

ASTM B62 (2017) Standard Specification for
Conposition Bronze or Qunce Metal Castings

ASTM B117 (2019) Standard Practice for Operating
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Salt Spray (Fog) Apparatus
ASTM B280 (2020) Standard Specification for Seanl ess
Copper Tube for Air Conditioning and
Refrigeration Field Service
ASTM D1693 (2015) Standard Test Method for
Envi ronnental Stress-Cracking of Ethyl ene
Pl astics
| NTERNATI ONAL SCCI ETY OF AUTOVATI ON (1 SA)
| SA 7.0.01 (1996) Quality Standard for Instrunment Air
| SA RP60. 9 (1981) Piping Guide for Control Centers
NATI ONAL AERONAUTI CS AND SPACE ADM NI STRATI ON ( NASA)

RCBEA GUI DE (2004) NASA Reliability Centered Buil di ng
and Equi pnent Acceptance Gui de

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMR)

NENVA DC 3 (2013) Residential Controls - Electrical
Wal | - Mount ed Room Ther nost ats

NATI ONAL FI RE PROTECTI ON ASSCOCI ATl ON ( NFPA)

NFPA 90A (2024) Standard for the Installation of
Air Conditioning and Ventilating Systens

SOCI ETY FOR PROTECTI VE COATI NGS ( SSPQ)
SSPC SP 6/ NACE No. 3 (2007) Commercial Blast O eaning
SOCI ETY OF AUTOMOTI VE ENG NEERS | NTERNATI ONAL ( SAE)

SAE AMS- STD- 595A (2017) Col ors used in Governnent
Pr ocur enent

U. S. DEPARTMENT OF DEFENSE ( DOD)

DOD- G 24508 (1977; Rev A, Am 4 1998) G ease, High
Per f ormance, Ml tipurpose (Metric)

M L- F- 18280 (1995; Rev F; Supp 1; CANC Notice 1)
Fittings, Flareless Tube, Fluid Connection

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

CID A-A-2962 (Rev A; Notice 2) Enamel, Al kyd, d oss,
Low VOC Cont ent

.2 SUBM TTALS

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

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

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

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

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

The "S" classification indicates submttals
requi red as proof of conpliance for sustainability
Quiding Principles Validation or Third Party
Certification and as described in Section 01 33 00
SUBM TTAL PROCEDURES.
Choose the first bracketed itemfor Navy, Air Force

and NASA projects, or choose the second bracketed
itemfor Arnmy projects.

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

Covernment approval is required for submittals with a "G or "S"
classification. Subnittals not having a "G' or "S" classification are
[for Contractor Quality Control approval.][for information only. Wen
used, a code following the "G' classification identifies the office that
will reviewthe submttal for the Governnment.] Subnmit the following in
accordance with Section 01 33 00 SUBM TTAL PROCEDURES:
SD-01 Preconstruction Subnittals
Mat eri al, Equipnent, and Fixture Lists[; C[, [__ 111
Records of Existing Conditions[; C[, [__ 111
SD- 02 Shop Drawi ngs
Fabrication Drawings[; C, [ 111
Installation Drawings[; C[, [__ 111
SD- 03 Product Data
Control Conponents[; G, [ 111

Thermoneters[; ¢, [ 111

Pressure Gages[; C[, [__ 111
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Valves[; G, [___ 11]
Danpers[; C[, [___ 1]
Qperators[; C, [ 1]

SD- 04 Sanpl es
Manuf acturer's Standard Color Charts[; C, [__ 111
Thernostat Covers[; ¢, [__ 1]]
Thernostat Guards[; ¢, [ 1]]
Room Humidistats[; G, [ ]1]

SD- 06 Test Reports
Set Points and Final Adjustnents OF Controls[; G, [ 1]1]
Test Reports[; ¢, [ 111

SD-07 Certificates
Listing of Product Installations[; G, [___ 111
Qualified Permanent Service Organizations[; G, [__ 111
Manuf acturer's Standard Factory Finishing[; ¢, [ 1]

SD-10 Operation and Mai ntenance Data
Operation and Mai ntenance Manuals[; C[, [__ ]]]
Schedul ed I nstructional Services[; C, [___ 1]1]
Air Supply Source[; ¢, [ 111
Mechani cal Refrigeration-Type Air Dryer[; G, [ 111
Pneumatic Operators[; G, [___ 111
Electric OQperators[; G, [___ 11]

1.3 QUALI TY CONTROL

1.3.1 Predi ctive Testing and | nspection Technol ogy Requirenents

R R R I R I R I R R I R R R I R R I R I R R I R R R R I R R I R R O

NOTE: The Predictive Testing and | nspection (PT&l)
tests prescribed in Section 01 86 12.07 40
RELI ABI LI TY CENTERED ACCEPTANCE FOR MECHANI CAL
SYSTEMS are MANDATORY for all [NASA] | ] assets
and systens identified as Critical, Configured, or

M ssion Essential. |[If the systemis non-critical
non- confi gured, and not m ssion essential, use sound
engi neering discretion to assess the value of adding
t hese additional test and acceptance requirenents.
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See Section 01 86 12.07 40 RELI ABI LI TY CENTERED
ACCEPTANCE FOR MECHANI CAL SYSTEMS for additiona
i nformati on regarding cost feasibility of PT&l

kkhkkhkkhkkhhkkhhkkhhkhhkhhkhhkhkhhkhhkhhkhhkhhkhhkhkdhhkhhkhhkhhkhhkhkkhkhkkhhkk hkrhkhhkhhkhkhkhkk kkkihkihkihkhkk khkkikkikki*x*%

This section contains systens and/or equi pment conponents regul ated by
NASA's Reliability Centered Buil ding and Equi pment Acceptance Program
This programrequires the use of Predictive Testing and | nspection (PT&)
technol ogi es in conformance with RCBEA GUI DE to ensure buil di ng equi pnent
and systens installed by the Contractor have been installed properly and
contain no identifiable defects that shorten the design life of a system
and/or its conponents. Satisfactory conpletion of all acceptance
requirenents is required to obtain Governnent approval and acceptance of
the Contractor's work.

Perform PT& tests and provide submittals as specified in Section
01 86 12.07 40 RELI ABI LI TY CENTERED ACCEPTANCE FOR MECHANI CAL SYSTEMS

.3.2 Product Installations

Provide listing of product installations for controls and instrunentation

systenms that include identification of at least [5] | ] units, sinmlar
to those proposed for use, that have been in successful service for a
m ni mum period of [5] | ] years. Include purchaser, address of

installation, service organi zation, and date of installation on list.
.3.3 Mat eri al and Equi pnent Qualifications

Provide material s and equi prent that are standard products of

manuf acturers regularly engaged in the nanufacture of such products, which
are of simlar naterial, design and workmanshi p. Provide standard
products that have been in satisfactory comrercial or industrial use for 2
years prior to bid opening that includes applications of equipnment and
materials under sinmilar circunmstances and of simlar size. Provide a
product that has been for sale on the commercial nmarket through
advertisenents, manufacturers' catal ogs, or brochures during the 2-year
peri od.

.3.4 Alternative Qualifications

Products having |l ess than a two-year field service record are acceptable
if acertified record of satisfactory field operation for not |ess than
6000 hours, exclusive of the manufacturer's factory or |aboratory tests,
are shown.

.3.5 Servi ce Support

Support the equi pnent itens by service organi zations. Subnit a certified
list of qualified pernmanent service organizations for support of the

equi prent which includes their addresses and qualifications. Provide
service organi zati ons that are reasonably convenient to the equi prent
installation and able to render satisfactory service to the equi pnent on a
regul ar and energency basis during the warranty period of contract.

.3.6 Manuf acturer's Nanmepl ate
Provi de each item of equi pnent with a namepl ate bearing the manufacturer's

nane, address, nodel nunber, and serial nunber securely affixed in a
conspi cuous place; the naneplate of the distributing agent is not
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accept abl e.

.3.7 Modi fi cati ons of References

In each of the publications referred to herein, consider the advisory
provi sions to be mandatory, wherever the words shall, should, will, would,
or may appear. Interpret references in these publications to the
"authority having jurisdiction,” or words of simlar meaning, to nean the
"Contracting Oficer."

.4 DELI VERY, STORAGE, AND HANDLI NG

Seal openings after nanufacturing and inspection, until ready for
installation.

Carefully handl e instrunents and equi pnent, do not subject to shock, and
protect from weather, dust, construction materials, and damage.

.5 PRQIECT/ SI TE CONDI Tl ONS

Submit records of existing conditions consisting of the results of survey
of work area conditions and features of existing structures and facilities
wi thin and adjacent to the jobsite. Conmmencenent of work constitutes
acceptance of existing conditions.

PART 2 PRODUCTS

2.

1 SYSTEM DESCRI PTI ON

Provi de automatic tenperature control systens that are conplete in al
details and that include all necessary accessories to naintain conditions
i ndi cated or specified.

Provi de [equi val ent pneumatic] [electronic] [electric/electronic]
[lowvoltage electric] [pneunmatic/electronic] automatic tenperature

control systens. As far as practical, provide control equipnent that is
the product of a single automatic control systems manufacturer. Provide
autonmatic control systens conponents not the product of the control system
manuf acturer that are approved for use with the control system as

i ndi cat ed.

Provide notors, controllers, disconnects and contactors with their
respective pieces of equipnent. Provide notors, controllers, disconnects
and contactors that conformto and have el ectrical connections provided
under Section 26 20 00 | NTERI OR DI STRI BUTI ON SYSTEM  Furni sh interna

wi ring for conponents of packaged equi pment as an integral part of the
equi prent. Extended voltage range notors are not permitted. Provide
controllers and contactors that have a maxi num of 120 volt control
circuits, and have auxiliary contacts for use with the controls

furni shed. Wen notors and equi prent furni shed are |larger than sizes

i ndi cated, include the cost of additional electrical service and rel ated
wor k under the section that specified that notor or equipnent. Provide
power wiring and conduit for field installed equi pment under and
conforming to the requirenents of Section 26 20 00 | NTERI OR DI STRI BUTI ON
SYSTEM

Provi de system m xi ng boxes and variable air vol une boxes with air-m xing

val ve operators and controllers that are furnished by the automatic
control systens manufacturer
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Provi de automatically controlled valves to control environment that are
furni shed by the automatic control systens nmanufacturer

Provi de automatically controll ed danpers, independent of danpers integra
wi th manufactured air-handling units, furnished by the automatic control
systenms manufacturer. Use a danper nmanufacturer that is licensed to

di spl ay the AMCA seal

.2 FABRI CATI ON

Submit fabrication drawings for control and instrunmentation systens
consi sting of fabrication and assenbly details to be perforned in the
factory.

.3 EQUI PMENT

Submit naterial, equipnent, and fixture lists for control and

i nstrunmentation systens including manufacturer's style or catal og nunbers,
specification and drawi ng reference nunbers, warranty i nformation, and
fabrication site information.

Submit Equi pnrent and performance data for the followi ng itens consisting
of use life, systemfunctional flows, safety features, and nechani ca
automated details. Submt curves indicating tested and certified

equi pnment response and performance characteristics.

a. Control Components

b. Thernoneters

c. Pressure Gages

d. Valves

e. Danpers

f. Operators

. 3.1 Ther nonet er s

Provi de thernmoneters adjacent to thernostats with nonferrous separabl e
sockets when in inmersion service. Select thernmoneter scal e range
according to service. Provide thernmoneters that are readable from
operating |evel.

Provi de dial type tenperature indicators that have a [65] [80] [90] [115]
[125] millinmeter [2-1/2] [3] [3-1/2] [4-1/2] [5] inch diameter
antiparallax dial face with white background and bl ack marki ngs.
Provide [friction] [mcrometer] maxi numregistering type pointer with
external calibrator adjustment. Provide accuracy within [1] | ]
percent of dial range.

Provide [corrosion-resistant steel] [cast aluminun] [brass],

[ bottom connection] [back-connection] [adjustable-head] type case, with
[corrosion-resistant steel] [chrone-plated] close-type ring.

Provide [vapor] [solid liquid] [binetal] activating nedi um
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Provide stemlength that is[ 15 mllinmeter 1/2 inch taper pipe thread,
fixed thread][ 20 millinmeter 3/4 inch taper pipe thread, separable socket].

Provide dial type thernonmeters or thernmometers with a m ni mum 230
mllimeter9 inch vertical scale.

Provi de tenperature sensor, sensor transmitter, and output signals that
are directly proportional to the variations in the neasured vari abl e.

Provide linearity that is within plus or mnus [1/2] | ] percent

t hr oughout the scale range for a [93.3] [ ] degree C [200] [ ]
degrees F span, and plus or mnus [1] [ ] percent for [10] [ ]
degrees C [50] [ ] degrees F span

VWhen the transmitter is over [15] [30] neter [50] [100] feet fromthe
recei ver indicator, use a signal booster to inprove signal response.
Provide a transmtter that has feedback incorporated in the design and has
a [10] [38] [93] degrees C [50] [100] [200] degrees F tenperature range.
Provide capillary that is conpensated and is available in short style,

[2.5] [____ 1 [8 [___1to[55] [____ 1 T[18] [____] neter foot
averagi ng lengths. Provide unit that operates on a [140] | ]

kil opascal [20] [ ] psi input pressure and has a [20] | 1 [3]
[ ] to [100] [ ] kil opascal [15] | ] psi output over the

speci fied range.

For multizone units, provide each zone discharge duct with a

renot e-readi ng panel -mounted dial thernonmeter. Locate sensor not |ess
than [3] [ ] meter [10] | ] feet downstream of the m xi ng danpers
or other device causing air turbul ence.

.3.2 Pressure Gages

Provi de pressure gages used to indicate supply and outlet air pressures of
automatic control instruments that are the nmanufacturer's standard,

m ni mum [ 90] [ 1 [3-1/2] | ] mllimeter inch dianeter

.3.3 Control System Val ve Boxes

Provi de bronze val ve bodies, DN50 2 inch iron pipe size (ips) and snaller
with [screwed] [flanged] end connections. |f DN65 2-1/2 inch ips and

| arger, provide cast iron valve bodies with flanged end connecti ons.

Provi de single seated val ves for dead-end service except where otherw se
i ndi cat ed.

Provi de nodul ating service valves with plugs matched to the
characteristics of the coil for effective control. Provide
tetrafl uoroethyl ene, spring-Iloaded, and sel f-adjusting val ve-stem packi ng.

Provide top and bottom guided and [AI SI, Type 303 corrosion-resistant
steel] [Monel] valve stem Cage construction is acceptable.

Provi de valves with position indicators and, where indicated or required
for proper operation, provide wth positioners.

Provi de valve linkage with an adjustnent for valve lift.
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2.

3.3.1 Hydr oni ¢

Provi de hydronic system valve bodies and trimthat are rated for service
pressures through [860] [ ] kil opascal at [121] [ ] degrees C
[125] [ ] psi at [250] | ] degrees F

Provi de hydroni c system val ves that have repl aceabl e plugs and seats of
[ SAE, Type 72 brass] [AISI, Type 303 corrosion-resistant steel], selected
for maxi mum|life depending on application conditions.

Provi de maxi mum pressure drop across any hydroni c system val ve at maxi num
flow of [15] | ] kil opascal [5] [ ] feet of water

12.3.3.2 St eam

2.

2

Provi de steam val ve bodies and trimthat are rated for service pressures
t hrough [860] [ ] kil opascal [125] [ ] psi saturated steam

Provi de steam val ve repl aceabl e plugs and seats that are Al SI, Type 440C
corrosion-resistant steel hardened to not |less than [500] | ] Brinell.

Provi de maxi mum pressure drop across any steam valve at maxi num fl ow as
i ndi cat ed.

3.4 Instrunent Air Supply

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

NOTE: First paragraph provides for centra

di stribution source. Subsequent three paragraphs
provide for local air conpressor source when cost of
central systemtap is prohibitive

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

.3.4.1 Air Supply Source

Supply instrunment air froma central, dry, conpressed-air header, conplete
with filter, pressure-reducing valve, pressure-relief valve, upstream and
downstream pressure gages, and shutoff and bypass val ves.

Provide a vibration-isolated, sinplex, instrument-air, conpressor/receiver
unit, conplete with base, notor controller, automatic pressure-regul ating
controls, off/automatic selector switch, nechanical and el ectrical safety
devices, filter-silencer intake, and conplete interconmponent piping and
wiring ready for terminal connections. Provide a standard unit of the
tenmperature-controls manufacturer sized to supply the entire control-air
requi renents for all connected systens on the basis of not nore than [20]
[ ] mnutes of conpressor operation in any [1] [ ] hour of total
connected control -systens operation

Provi de conpressor that is of oil-free construction.

Provide vibration isolation that consists of stable springs, with not |ess
than [50] [ ] milimeter [2] | ] inches deflection and not |ess
than[ 25] [ ] milimeter [1] [ ] inch freeboard underload to
support conpressor/receiver assenbly.

Install a wire-braid reinforced rubber hose fromthe conpressed air
connection to the distribution header

SECTION 23 09 33.00 40 Page 13



2.3.4.2 Mechani cal Refrigeration-Type Air Dryer

Provi de a noncycling, continuously operating, hernetically seal ed,
refrigeration unit air dryer, conmplete with heat exchangers, insulation
liquid separator, cabinet-type enclosure, dial-type thernoneter, valved
bypass, and condensate trap suitable for operation with oil-entrained air

Provide unit that is rated at [4.7] [ ] liter per second at [690]

[ ] kil opascal at [37.8] | ] [10] [ ] scfmat [100] [ ]
psig at [100] [ ] degrees inlet, producing atnospheric dewpoi nt at

m nus[ 23] | ] degrees C [10] [ ] degrees F, dehydrating at [690]

] kil opascal [100] [ ] psig. Provide unit with an operating
pressure of not less than [1035] | ] kil opascal [150] [ ] psig
Provide refrigeration unit of not |ess than [125] | ] wattage rating
[1/6] [ ] horsepower for 115-volt, 60-hertz, single-phase power supply.

2.3.5 Power - Cper at ed Danpers
2.3.5.1 Frame and Bl ade Assenbly

Provi de franes and bl ades that are constructed of [extruded al um nuni
[gal vani zed steel] [rolled carbon steel] [corrosion-resistant steel].

Provi de nechanically attached, field replaceable resilient seals.
Attachment by adhesive is not acceptable. Provide [neoprene] [flexible
netal conpression-type janb seals constructed of [al uni nuni
[corrosion-resistant steel]].

Provi de frames that have corner reinforcenent and stay rods, where
necessary. Provide franes that are fabricated by wel ding or riveting.
Repai r damaged gal vani zed surfaces by coating with an equal weight of zinc.

For static pressures in excess of [750] [ ] pascal [3] | ] inches
wg, provide master-blade-driven danpers with blades |onger than [610]

[ ] milimeter [24] | ] inches with a maxi mum bl ade wi dth of [200]
[ ] milimeter [8] [ ] inches. Provide maxi mum bl ade wi dth for

ot her services of [250] | ] milinmeter [10] | ] inches. Provide
[1220] | ] milinmeter [48] | ] inches maxi mum bl ade | ength. For
danpers nore than [1220] [ ] milinmeter [48] | ] inches wi de,

provi de danpers that are made in two or nore sections with internedi ate
mul lions; with each section nechanically interlocked with adjoining
section or sections.

Provi de m ni mum shaft size of [15] | ] milinmeter [1/2] [ ] inch
[round] [square].

VWere |inkage is such that operator torque is applied to a master bl ade
and transmtted therefrom provide a master blade that is reinforced and a
shaft that is full length. This type construction is limted to [500]

[ ] pascal [2] | ] inch wg, static pressure.

Provi de bl ades that are attached to round shafts by hardened cup- point
setscrews, or by being pinned. Provide a mninmmthree-thread engagenent.
VWere setscrews are used, provide two setscrews, 90 degrees apart, to
secure master blade. Secure shaft end retainers by pins or spring washers
in grooved shaft or by simlar construction

Caul k franes with el astomer conpounds to prevent bypass | eakage.

[ Provide blades without resilient seals that have interlocking edges.
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] Provide maxi mrum | eakage of danpers of [ ].

2.3.5.2 Beari ngs

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

NOTE: When possible the use of sealed bearings is
encouraged. One of the mmjor causes of bearing
failures is over lubrication and |ubrication
contam nation. Using seal ed bearings helps to
elimnate this failure node.

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

[ Provide [oil-inpregnated sintered bronze] [graphite-inpregnated nylon
sl eeve type] shaft bearings, except as otherw se indicated. Provide
t hrust washers at bearings, when necessary to maintain blade alignnent.

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

NOTE: Select for danpers with high pressure per
square neter foot of area and simlar special
application.

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

[ Provide single row, unground, flanged, radial, antifriction type shaft
bearings with extended inner race suitable for press nounting in danper
franme. Provide Al SI type 316 corrosion-resistant steel bearing
materials. Provide lubricant free bearings. Mrk operation and
mai nt enance manual, and attach instructions to the damper frame noting:
"DO NOT LUBRI CATE CORROSI ON- RESI STANT STEEL BEARINGS." Factory seal ed,
shi el ded carbon-steel ball bearings are acceptabl e provided |ubricant
conforns to DOD- G 24508.

] Provide [oil-inpregnated sintered bronze] [graphite-inpregnated nyl on]
I i nkage pivot bearings.

2.3.5.3 Danmper s
Provi de danpers that are equi pped with operators of sufficient power to
control dampers, without flutter or hunting, through the entire operating
range at air velocities at least [20] | ] percent greater than maxi mum
design vel ocity.

2.3.5.4 I nstallation
Install danmpers in accordance with the manufacturer's instructions.

2.3.6 Control System Val ve and Danper Operators

2.3.6.1 Operators

Provi de notor operators that provide smooth proportional control under
operating conditions normal to the system

Provi de spring-return operators for two-position control

Provide spring returns on reversible operators where required for
fail-safe operation.

For operators operating in sequence with other operators, provide
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operators that have adjustable operating ranges and set points.

Provi de operators that have sufficient power on close-off to provide tight
seal i ng agai nst maxi mum system pressures.

Provi de operators that close valves and danpers to fail-safe position
i ndi cat ed.

.3.6.2 Pneurmati ¢ Operators
Provi de positioners where two or nore operators are controlled fromthe

sanme controller, and where indicated. Mount positioners directly on the
driven device. Provide feedback fromthe [sten] [rod] through a pil ot

spring. Provide adjustable starting point from [15] [ ] to [85]

[ ] kil opascal [2] [ ] to [12] | ] psi. Provide adjustable
operati ng span fron [35] [ ] to [90] [ ] kil opascal [5] [ ] to
[13] [ 1 psi.

.3.6.3 El ectric Operators

Provi de reversible type electric notor operators for nodul ati ng control
Provi de split-phase type electric notor operators with oil-inmersed gear
train. Provide notor that has anple capacity to handl e applied | oads
under operating conditions normal to the system Heat |ocations where
tenperatures fall bel ow m ni mrum operating tenperature of operator.

. 3.7 Central Control Cabinet

Provi de a free-standi ng nodul ar type control cabinet w th hinged, |ocking
access door, one per nodul e.

][ Provide control cabinet that consists of enclosed wall-nounted nodul ar

cabi net sections. Provide |ockable cabinets with hinged fronts to provide
access to the interior of each cabinet.

] Provide a 1.5 nmillineter 60-m | thick, high-pressure |am nate-covered

witing surface and recessed storage drawers with | ocks.

2.3.7.1 Cabi net Construction

Provi de cabi nets made of [steel] [alum nun], suitably reinforced and
braced to provide a flat-faced, rigid-front panel

Provi de surfaces that are free of scale, welding slag, and dirt, and are
flat without waves. Do not distort or buckle the cabinet during
installation handling.

Provi de square cutouts with panels to ensure that instrunents are
installed | evel and square.

Make finished cutouts and holes free of burrs and sharp edges. Provide
cutouts made up of [nodul ar sections] [fabricated sections] in sizes
suitable for handling. Provide neat and straight section joints. Securely
fasten together and align cabinets, and securely wall or floor anchor each
cabi net, as required.

Provi de hi gh-grade steel exterior hardware with [polished-nickel]
[chrone-plated] finish.
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Provi de cadmi um pl ated steel interior hardware

Provi de access doors with hinges, latches, and | ocks. Provide
sufficiently sturdy cabinet frames to prevent doors from saggi ng when
open. Provide latches to hold doors open at 90 degrees and provide roller
| atches to hold doors closed. Furnish keys that are conmon to all access
door | ocks.

[2.3.7.2 Factory Fini shing

Manuf acturer's standard factory finishing is acceptable with certification
that the factory painting systemapplied withstands 125 hours in a
salt-spray fog test, and equi pnent | ocated outdoors w thstands 500 hours
in salt-spray fog test. Performsalt-spray fog test in accordance with
ASTM B117, and for that test the acceptance criteria are the foll ow ng:

i mediately after conpletion of the test, the paint shows no signs of
blistering, winkling, or cracking, and no | oss of adhesion; and the

speci men shows no signs of rust creepage beyond 3.0 nmm 0.125 inch on

ei ther side of the scratch nmark.

Provide a filmthickness of not |less than the filmthickness used on the
test specinmen for the factory finishing systemapplied on the equi prment.
I f manufacturer's standard factory finishing systemis being proposed for
use on surfaces subject to tenperatures above 50 degrees C 120 degrees F
provide a factory finishing systemdesigned for the tenperature service.

1[2.3.7.3 Fi ni sh

Cl ean surfaces in accordance with SSPC SP 6/ NACE No.3. Provide bl ast
pattern that has a nmaxi num surface profile of [0.05] [ ] mllinmeter
[2.0] [ ] mls. Not nore than [8] | ] hours after cleaning

foll ow the manufacturer's standard procedure for primng and finish
painting. Conformto CID A-A-2962 or SAE ANMS- STD-595A for final coat,
sem -gl oss green enamel for all external surfaces. Use soft gloss white
paint for interior surfaces. Wen painting is not started within 8 hours
after cleaning, reclean surfaces before painting.

12.3.7.4 Graphi c System Portrayal

Provi de cabinets with individual nodul es portraying systens
configurations. Provide portrayals by approved col or-coded graphic tapes

in lanm nated plastic securely fastened to the front panel. Provide
bevel ed edges that are finished snmooth and free of waves, scratches, or
gouges. ldentify instruments and auxiliary equi pnent by engraved

[plastic] [formica] |abels. Tape is not acceptable.
2.3.7.5 I nstrunents and Conponents

Provi de pipe connections in air lines at each pneumatic roomcontroller to
connect gages for testing.

a. Receiver-Type Indicator
Provi de receiver-type dial size indicators as indicated.
Provi de i ndicator cases that are made of drawn steel, flush nmounted with

three equally spaced [screws] [panel clanps] and panel cutout to match
i ndi cator as furnished.
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Provi de bourdon tube of material and construction suitable for 20 to 100
kil opascal 3 to 15 psig input.

Acconpl i sh indicator novenment by [precision brass] [approved
manuf acturer's standard practice].

Provide a dial with black nunerals and graduating nmarks on a flat white
backgr ound.

Provi de fixed needl e pointer

Provide indicator calibration by nmeans of calibration screw on face of
indicator, with dial accuracy to within 0.5 degree C 1 degree F in the
appl i cabl e range.

Provi de scal e ranges that operate full scale between 20 and 100 kil opasca
3 and 15 psig, with scal e ranges as indicat ed.

b. Electronic Tenperature |ndicator

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

NOTE: This indicator is for use with tenperature
transmitters that transmt an air signal of 20 to
100 kil opascal 3 to 15 psig proportional to the

i mposed tenperature.

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

Provide el ectronic tenperature indicator that indicates the sensor input
t hr oughout the operating range of the system Provide accuracy within

plus or mnus [1/2] | ] percent of the systemrange. Provide input
that is proportional to the neasured variable. Provide scale range of
m nus [29] | ] to plus [95] | ] degrees C [20] [ ] to plus
[200] [ ] degrees F.

c. Electronic Pressure |Indicator
Provi de el ectronic pressure indicator, calibrated in pascal inches wg,

that indicates the pressure drop through range of transmitter. Provide
accuracy of not less than plus or minus [10] | ] pascal [0.05] [ ]

i nch wg.

d. Renmpte Control Point Adjuster

Provi de renote adjustnment for resetting the set point of the contro
device in [2] | ]-degree increments for the full range of the contro
span.

e. Manual M nimum Position Switch

Provi de manual m ni mum position switch that has an adjustable m ni mum

out put between [20] [ ] and [90] [ ] kil opascal, [3] | ] and
[13] [ ] psi, that is furnished with a calibrated [0] [ ] to [100]
[ ] percent set point scale with scale divisions of [5] | ] or

| ess, and that has a set point-Ilocking adjustnment knob. Provide a switch
suitable for a maxi mum pressure of not less than [175] | ] kil opasca
[25] [____] psig.

f. Renote Tenperature Transmtter
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2.

Provi de renpte tenperature transm ssion of discharge air and space
tenmperature that transnmits a signal in proportion to the measured
tenperature to an electronic thermoneter in the central control panel
Provide plus or mnus [0.25] degree C [0.5] degree F | ] total system
accuracy.

g. Renmpte Filter Pressure Transmitter

Provide filter pressure-drop transnmitter that transmits an electronic
signal to a conmon pressure indicator, calibrated in pascal inches wy, at
the control center. Provide accuracy of not |ess than plus or mnus [10]

[ ] pascal [0.05] [ ] inch wg. Provide pressure transmtter range
from[0] [ ] to [1500] [ ] pascal [6] | ] inches wg.

.3.7.6 Panel | nstrument Tubi ng

Provi de copper or black polyethylene instrument tubing wthin panels.
Provi de tubi ng connections at panels that are made with through-bul khead
type fittings.

Neatly install and properly support tubing. For instruments and
accessories nounted on hinged access panels, provide sufficient flexible
tubing to all ow the door to open at |east 135 degrees. Tie flexible
tubing into a single cable.

Provi de pressuretight fittings and joints, and as indicated.

3.8 I ndi vi dual System Control Panels

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

NOTE: Ability to open and/or renove access covers
is required for maintenance activities. In
addition, access is required to inspect this device
while circuits are energized (for exanple, using
infrared inmaging). M nimum di stances to energized
circuits is specified in OSHA Standards Part

1910. 333 (El ectrical - Safety-Rel ated work
practices). OSHA Standards are avail able on the

I nternet.
B R R

Provi de each air handling systemw th an individual control panel nounted
adj acent to and vibration isolated fromthe air handling unit.

Provi de manufacturer's standard steel construction control panel of
adequat e gage and sufficient reinforcenent to be conpletely rigid.
Provi de manufacturer's color finish approved by the Contracting O ficer
Provi de nechanically attached, engraved, [3] | ] milimeter [1/8]

[ ] inch thick, |am nated, black and white plastic identification
pl ates. Locate panel as indicated.

Provi de panel that contains a thernoneter for each duct or inmersion
thernostat, as indicated, and for el ectropneunatic and pneunpel ectric

swi tches not connected to starters, pilot lights for fan air filters, punp
notors, filter runout pilot lights, air switches, or other accessories, as
i ndi cated. Provide panel that contains all controllers, recorders, and
other instrunents, including a 40 millinmeter 1-1/2 inch gage show ng
pressure of primary air to pneumatic controllers; and 40 nmillineter 1-1/2
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i nch gages showi ng pressures of controlled air fromeach controller, other
t han room controllers.

.4 COVPONENTS
4.1 Tenper ature Sensors

Provi de tenperature sensors, sensor transmtters, and controller output
signals that are directly proportional to the variations in the neasured

variable. Provide linearity that is within plus or mnus [1/2] | ]
percent for a 93 degrees C 200 degrees F span, and plus or mnus [1]

[ ] percent for a 10 degrees C 50 degrees F span, throughout the scale
range.

VWere extrenely accurate tenperature sensing is required or the
transmitter is a considerable distance fromthe receiver controller, use a
two-pi pe relay-type transmtter. Provide instrunent that has feedback

i ncorporated into the design and [10] [38] [93] degrees C [50] [100] [200]
degrees F tenperature range. Provide capillary that is conmpensated and is
avail able in [short style] 2500 and 5000 millineter 8 and 16-f oot

averaging lengths. Provide unit that operates on [140] | ] [ 20]
[ ] kil opascal pounds per square inch (psi)input pressure, and has a
[20 to 100 kil opascal] [ ] [3to 15-psi] [ ] output over the

speci fied range.
. 4.2 Hum dity Sensors

Provide hum dity sensors, sensor transmitters, and controller output
signals that are directly proportional to the variations in the neasured
variable. Provide linearity that is within plus or mnus [1] | ]
percent for a [70] | ]-percent relative humdity span. Provide

el ement that is capable of withstanding [98] | ] percent relative
hum dity without |oss of calibration when hunmidity sensor is duct-nounted
downstream from a cooling coil

.4.3 Recei ver Controllers

Provi de receiver controllers that have a calibrated set point adjustnent,

m ni mum cal i brated scale with no greater than mnus [16.7] | ] degrees
Cl2] | ] degrees F degrees divisions for duct and i mrersion
application and mnus [17.2] [ ] degrees C [1] [ ] degrees F

di visions for roomcontrol application. Provide set point indication and
an adjustabl e proportional band covering the conplete range necessary for
the specific application. Provide controller range that nmatches that of
the tenperature sensor. Provide devices that incorporate authority and
renote set point calibrated adjustnments, as required.

.4.4 Recei ver Indicators

Provi de recei ver indicators that have visual readout for tenperature and
hum dity, using the transmtted signal fromthe sensor device to the
recei ver-controll er device. Provide readout and accuracy of the receiver
i ndicator that has the indicated value within plus or mnus [1/2] [ ]
percent of the span of the neasured variable, as transmtted by the
sensor. Mark factory calibration on back of instrument. Provide range
that matches that of the tenperature or humidity sensor

Provi de a conbi ned accuracy of the sensor and the receiver indicator that
iswithin [mnus 16.7] [ ] degrees C [2] [ ] degrees F and [5]
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[ ] percent relative hunmidity of the span

Provi de anmbi ent conditions to [65.6] [ ] degrees C [150] | ]
degrees F that do not cause a shift in control point in pneumatic sensor
recei ver controller, or indicator systens.

. 4.5 Space Thernostats

.4.5.1 El ectrical Control

Provi de | owvol tage type space thernostat with [non-setback/ setup]

[ set back/ setup] tenperature control for [cooling only] [heating only]
[cooling and heating]. Provide thernopstat that conforns to NEVA DC 3, and
is as indicated.

.4.5.2 Pneurmatic Contro

Provi de the adjustable proportioning type space thernbstat containing [a
single binetallic elenment for [heating only] [cooling only]] [dua
binetallic elenents, one for heating and one for cooling].

Provi de thernostats that have | ocking covers and built-in conceal ed
t her nost at s.

Thernostats with fiel d-adjustable or renovable set point limts are not
permtted.

Provi de thernostats that conformto ASHRAE 90.1 - SI ASHRAE 90.1 - |P, and
that have tenperature restrictions as indicated.

.4.5.3 Space Thernpstat Accessories

Provi de brushed al um num Ther npst at covers.

Provi de insulating bases for thernostats |ocated on exterior walls.
Provi de cast-netal Thernpstat guards in unfinished spaces.

Mount guards and thernpstats on separate bases.

Submit sanples of thernostat covers, thernpstat guards and manufacturer's
standard col or charts showi ng the manufacturer's reconmmended col or and
finish sel ections.

.4.6 Qut door Reset Ther npst at

Provide a [renpte-bulb type] [functionally equivalent bimetallic rod and
tube type] outdoor reset thernmostat for proportioning action with an
adjustable throttling range. Provide scale range of [mnus 23.3 to plus
21.2] [1.7 to 35.0] degrees C [minus 10 to plus 70] [35 to 95] degrees F
wi th adj ustable set point over the full range. Mount unit indoors, with
sensi ng bulb mounted outdoors with solar conpensati on when indi cated.
Provide unit that proportionally resets the control point of a renote
sensi ng subnaster tenperature controller

47 | mrer si on Thernostats

Provide [rempte-bulb type] [functionally equivalent bimetallic rod and
tube type] imrersion thernpstats, for proportional action with adjustable
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set point over the full operating range, and adjustable throttling range.
Provi de a nonferrous separabl e socket for each thermal elenent.

VWhen used as a secondary controller, provide a renotely set adjustable set
poi nt .

.4.8 Ai rstream Ther nost ats

Provi de renote-bulb type or functionally equivalent bimetallic rod and
tube type airstreamtwo-position thernostats, with adjustable set point.
Provide set point in mddle third of range of device.

Provide airstreamthernostats for control of nodul ating devices that are
the renote-bulb type for proportional action with adjustable set point
over the full operating range, and adjustable throttling range.

Provide airstreamthernostats for averagi ng service that have a
renote-bul b el enent not | ess than one-half as |long as the | ongest side of
the airstreamcross section, of a type suitable for averaging service with
liquid-filled bulb or equivalent. Gas- or vapor-filled bulbs are not
acceptabl e for averaging service. Locate bulb to sense average

t enper at ure.

Provide airstreamtenperature primary controllers for renote reset or
conpensating operation, that are renote-bulb type for proportiona
operation with adjustable set point over the full operating range,
adjustable throttling range, and an adjustable authority of the secondary
controller. Low or high-linmt thernpstats, or other instruments having
one-si ded control, are not acceptable where reset or compensating
control l ers are indicated.

. 4.9 Li ne- Vol t age Thernostats

Provide line-voltage thernostats that have integral "MANUAL ON OFF/ AUTCO!
sel ector switch, a maximumdifferential of [1] | ] degrees C [2]

[ ] degrees F, conceal ed tenperature adjustnment, and a | ocki ng cover.
Provide line-voltage thernostats that are rated for the |oad, [single]
[two] - pol e as required.

Provi de insul ating bases for thernostats | ocated on exterior walls.
Provi de cast netal type thernpbstat guards in unfinished spaces.
Mount guards and thernpstats on separate bases, unless otherw se approved.

Provide line-voltage thernmostats that are furni shed and nounted under this
section, and wired in accordance with applicable sections of D VISION 26
ELECTRI CAL unl ess ot herw se specified.

.4.10 El ectrical Low Limt Duct Thernostat

Provide air-handling unit freeze protection. Mke the | owest tenperature
across any 300 millineter 12 inches of bulb length, [single] [nultiple]
tube, sufficient to trip a snap-acting, single-pole, single-throw swtch
when the tenperature sensed is equal to, or below, set point. Provide
610020 [ ] milineter | ] foot mininmmlength of bulb. Provide
one limt thernostat for every 1.8 20 [ ] square meter | ] square
feet of coil surface. Provide thernpstats that have nanual reset.
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2.4.11 Fire Thernpstats

Provide fire thernmostats that are UL-approved and listed, are factory set
i n accordance with NFPA 90A, and have nornally closed contacts. Perform
reset manual ly.

2.4.12 Heat i ng/ Cool i ng Val ve- Top Ther nost at

Furni sh induction air-conditioning units with valve-top thernostats.
Provide units that are proportional acting for proportional flow,
renote-bulb liquid-filled elenent, direct and reverse acting at variable
pressures to naximmr 170 | ] kil opascal, gage 25 | ] pounds per
square inch, gage (psig) air supply. Provide nolded rubber operator

di aphragm die-cast housing, and furnish unit with position indicator and
adj usti ng knob.

2.4.13 Room Huni di st ats

Provi de room hum distats that are wall-nobunted, reverse acting,
proportioning type, with adjustable mnimnumthrottling range no greater
than [2] [ ]-percent relative hunmidity. Provide hum distats that are
capabl e of maintaining the relative humdity within the limts of the
throttling range for relative humidity of [30 to 80] [ ] percent and
tenperatures to [43.3] | ] degrees C [110] | ] degrees F

Submit nanufacturer's standard color charts showi ng the manufacturer's
recommended col or and finish sel ections.

2.4.14 Duct Humi di stats

Provide insertion type duct hum distats, nounted on outside of duct, with
sensing elenent within duct. Provide reverse acting, proportioning type
duct humidistats, with adjustable mninumthrottling range no greater than
[2] [ ] percent relative humdity. Provide hum di stats capabl e of

mai ntaining relative humdity within the limts of the throttling range
for relative humdity of [20 to 80] percent and tenperatures to [65. 6]

[ ] degrees C [150] | ] degrees F. Provide sensing el ement
suitable for the indicated installation |ocation

2.4.15 Hi gh-Limt Duct Hum distats

Provide insertion type high-limt duct hum distats, nounted on outside of
duct, with sensing elenent within duct. Provide reverse acting,
two-position type humdistats, with mininumdifferential no greater than
[2] [ ] percent relative humdity. Provide sensing el ement suitable
for the indicated installation |ocation.

2.4.16 Wat er Tenperature Controllers
Insert water tenmperature controller in a nonferrous separabl e socket
installed in the waterline. Provide controller that operates [renptely]
[integrally] on an adjustable differential over an adjustable tenperature
range, and is suitable for operating in conjunction with the control valve
provi ded.

2.4.17 Buil ding Static-Pressure Transmitter

Provi de a double-bell, differential type building static-pressure
transmitter with tenperature conpensation. Provide scale range of [m nus
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125 to plus 125] | ] [mMnus 0.5 to plus 0.5] | ] kil opascal, gage
inch water gage (wg), and sensitivity within plus or minus [0.124] | ]
0. 0005 [ ] kil opascal, gage inch wyg. Provide transmtter that
transmits an [el ectronic] [pneumatic] signal to an indicating receiver
with a matched scal e range.

Provide a total system accuracy of not less than [12] | ] [0.05]
[ ] kil opascal, gage inch wg.

2.4.18 Buil ding Static-Pressure Controller

[ Provide a slack diaphragmtype building static-pressure controller, wth
an adjustable set point, and adjustable throttling range. Provide

controller range of [2.5 to 1500] [ ] [0.01 inch to 6.0] [ ]

ki | opascal, gage inches wyg. Provide throttling range that is adjustable
from [5 to 12] | ] [0.02 to 0.0] [ ] kil opascal, gage inch wg.
Provide [electronic] [pneumatic] output.

][ Provide a double bell, differential type building static-pressure
controller with tenperature conpensation. Provide scale range of [ni nus
125 to plus 125] | ] [mMnus 0.5 to plus 0.5] | ] kil opascal, gage
inch wyg, and sensitivity within plus or mnus [12] | ] [0.05] [ ]

kil opascal, gage inch wy. Provide controller with an adjustable set point
over the full-scale range and adjustable throttling range, proportiona
band. Provide [electronic] [pneumatic] output.

12.4.19 Pressure Transmitter

Provide the indicating type pressure transmtters for gas, liquid, or
steam service. Provide transmitter range suitable for system operating
characteristics. Provide output that is proportional to system pressure
and is electronic or pneunatic. Provide indicating receiver with a

mat ched scal e range.

Provide total system accuracy that is not less than [1/2] | ] percent
of systemrange.

2.4.20 Renot e Pressure Transmtter
Provi de pressure sensors for gas, liquid, or steamservice renpte
i ndication that are [pneumatic] [pressure-to-current] type. Provide
direct current output and power supply that is conpatible with the renpte
readout i ndicator.

2.4.21 Renot e El enent Instrunents
Provide renote el enent instruments that have sufficient |ength of
capillary to nount the instrunment on the control panel in an accessible
| ocation. Provide excess capillary that is coiled and conceal ed. Provide
arnored capillary where indicated.

2.4.22 Airflow Sw t ches

Provi de UL approved airflow switches, with pressure range of [30 to 2500]

[ ] [0.12 to 10] | ] kil opascal, gage inches wyg, and el ectrica
rating of [220 volts ac, 5 anpere] [110 volts ac, 10 anpere] and [560]
[ 1 [3/4] [ ] wattage rating horsepower ac pilot duty.
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2.4.23 Pneurmati c Rel ays

Provide [positive-acting] [gradual -acting] [direct] [reverse] relays.
2.4.24 Swi t ches

Provi de switches as indicat ed.

Provi de adjustable switches with indicating plates and accessible
adjustrment. Calibrate and mark m ni num positioning switches that contro
danpers in percent of maxi mumairfl ow determ ned by airflow test.

2.5 ACCESSCRI ES

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

NOTE: Delete the following when only electric or
el ectric/electronic systens are used.

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

Provi de pipe connections in air lines at each pneumatic roomcontroller to
connect gages for testing.

2.5.1 Control and Instrumentation Tubing

Provi de copper tubing with [6] [ 1 [1/4] [ ] millimeter inch
outside dianmeter that is [hard drawn] [anneal ed] seamnl ess copper
conform ng to ASTM B280.

Provi de sol der joint, wought copper fittings, conformng to ASME B16. 22.

Provi de conpression type, [rod] [forged] brass ball-sleeve conformng to
SAE, Type [72][88] UL-approved, conformng to M L-F-18280, with m ninmum
pressure rating of [1380] [ ] kil opascal at [38] [ ] degrees C
[200] [ ] psi at [100] [ ] degrees F

Provide 95-5 tin-anti nony sol der, alloy Sb5, conforming to AWS VHB- 2. 9.
Provi de bl ack virgin polyethyl ene tubing, neeting stress crack test
performed in accordance with ASTM D1693. Provide nmulti-tube harness
materi al as specified above, with polyester filmbarrier and vinyl jacket
not less than [1.57] [ ] millimeter [0.062] [ ] inch thick

Provi de ball-sl eeve conpression type fittings, [brass] [aluminun], with
i nternal sleeves.

2.5.2 Val ves
2.5.2.1 Di aphragm Control and I nstrunent Val ves (DClV)
Provi de di aphragm val ves in sizes [8] | ] [10] | ] mllinmeter
[1/4] [ ] and [3/8] | ] inch that have a forged brass body with
rei nforced tetrafl uoroethyl ene di aphragm AISI 300 series
corrosion-resi stant steel spring, and round phenolic handle. Provide
handl e that is fitted with disks color coded in accordance with | SA RP60. 9.
2.5.2.2 Gage Cocks
Provide [T-head] [I|ever-handl e ground-key type] gage cocks, w th washer

and screw, constructed of polished ASTM B62 bronze and rated for 860

SECTION 23 09 33.00 40 Page 25



ki | opascal 125-psi saturated-steam service. Provide end connections that
suit the service

.5.3 Air-Pressure Reducing Stations
.5.3.1 Pressur e- Reduci ng Stations

Install pressure-reducing station conplete with pressure-reduci ng val ve,
particle filter, valved bypass, pressure indicator upstream of station
pressure indi cator downstream of station, and regul ated air-pressure
relief valve

.5.3.2 Pressure Regul ators

Provi de pressure regulator body that is constructed of [zinc] [alumnuni
die castings rated for the service. Provide a reinforced air-, oil-, and
wat er-resi stant el astomer di aphragm Provide [nonferrous netallic]
[nonmetallic naterials] for all conponents exposed to the fluid stream
being controlled. Provide a bal anced-construction relieving type valve to
automatically prevent excessive pressure buildup. Provide valve that
produces an essentially flat, reduced pressure curve for the capacity
demand of the system

.5.3.3 Particle Filters

Provide filters that are constructed of [zinc] [aluminun] die castings,
rated for the service, and furnished with ips connections. Provide

al umi num bow material. Provide filter that is serviceable by

qui ck- di sconnect devices. Provide bow that is equipped with nmanua
drai ncock. Separate liquid particles by centrifugal and quiet zone
action. Renove solid particles, to [15] [ ] mcroneter, by filter
el ements of [sintered bronze] [corrosion-resistant steel] nesh

.5.3.4 Conbi nation Filter/Regul ators

Conbi nati on nanual drain filter/regulator units conforning to the above
requi renents are acceptable in |ieu of separate units.

.5.3.5 Airborne-G 1| Filter

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

NOTE: Sel ect when necessary to provide oil-free
conpressed air. Use particle filter for prefilter

to extend airborne oil filter life.
EE IR I b R S I I I I IR I I I IR I I R S R I I I I R I R I I R R I I I I I I R R I S I S b E b I IR I R I R I S I I b b I b b I b I

Provide a filter with filtration efficiencies of [99.9] | ] percent
for particles of [0.5] | ] mcrometer or larger in addition to
renoving [99.4] | ] percent of [2.0] [ ]-mcronmeter and | arger
particles of airborne lubricating oil. Provide filter
pressure/tenperature ratings of [1035] [ ] kil opascal and [66] degrees
C [150] [ ] psi and [150] [ ] degrees F, respectively.

.5.3.6 Pressure Relief Valves

Provi de pressure relief valves that are rated for the pressure of the

hi gh- pressure side and sized for the full installed capacity of the
pressure regulating station at the pressure of the | ow pressure side. Set
val ve at not nore than [20] | ] percent above the correct |owside
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pressure. Provide seat material suitable for the service.
2.5.4 Pressure Gages

Provi de pressure gages that conformto ASMVE B40.100 and as indicated.
Provi de pressure gages that are Type |, gage for air, steam oil, and
water, Class 1, pressure gage, with range as indicated. Provide 90
mllineter 3-1/2 inch nonminal dianeter sized pressure-gage. Provide AlSI
300 series corrosion-resistant steel case with No. 4 standard conmercia
polish, or better, conformng to ASTM A666. Provide gages that are

equi pped with adjustabl e marki ng poi nter and danmper screw adjustnent in

i nl et connection. Provide gages that have safety case, safety glass, and
bl owout pl ug.

PART 3 EXECUTI ON
3.1 | NSTALLATI ON

[ IInstall control conponents using qualified control and instrunentation
speci al i sts worki ng under the direction of the manufacturer's
representative

][Install control conmponents using Contractor-certified control and
i nstrunentation specialists.

] Install in accordance with the manufacturer's instructions and as
i ndi cat ed.

Submit installation drawings and include details of equi prment room | ayout
and desi gn.

3.1.1 Accessibility

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

NOTE: The followi ng requirenent is intended to
solicit the installer's help in the prudent |ocation
of equi pnment when he has sone control over

| ocations. However, designers should not rely on it
at all since enforcing this requirenent in the field
woul d be difficult. Therefore, the system designer
needs to layout and indicate the |ocations of

equi pnment, control devices, and access doors so that
nost of the accessibility questions are resol ved

i nexpensi vely during design.
ER R IR I I R R R R R I I I R R R R I I R R R R S I I I R R R R I I I I R R R S I I I R O I I I R R R S I I I

Install all work so that parts requiring periodic inspection, operation
nmai nt enance, and repair are readily accessible. Install conceal ed val ves,
expansion joints, controls, danpers, and equi pnent requiring access, in
| ocations freely accessible through access doors.

3.1.2 Control - And Instrument-Air Tubing Installation

Conceal tubing, except in nechanical roons or areas where other piping is
exposed.

Neatly nest multiple tube runs.

Mechani cal |y attach tubing to supporting surfaces. Supporting adhesives
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are not acceptable. See additional requirenents under Section
23 05 48.00 40 VI BRATI ON AND SEI SM C CONTROLS FOR HVAC PI PI NG AND
EQUI PMENT.

Make tubi ng penetrations in concrete surfaces through m ni mum [25]

[ ] milimeter [1] [ ] inch ips, Schedule 40, rigid

unpl astici zed, polyvinylchloride (PVC) sleeves. Extend sleeves [150]

[ ] milimeter [6] [ ] inches above floors and [25] | ]
mllinmeter [1] | ] inch bel ow bottom surface of slabs. Were water-
or vapor-barrier sealing is required, apply [15] [ ] milimeter [1/2]
[ ] inch deep el astoner caulk to surfaces cleaned free of oil and

ot her del et eri ous subst ances.

Purge tubing with dry, oil-free conpressed air to rid systemof inpurities
generated during joint making and installation and to renmove atnospheric
noi sture before connecting control instrunents.

3.1.2.1 Copper Tubi ng

Cut tubing with nmechanical joints square and renove burrs. Do not
wor k- harden copper surfaces. Cut off or anneal tube ends by heating and
air cooling in accordance with the manufacturer's instructions.

Cut copper tubing for solder joints square and renove burrs. C ean inside
surfaces of fittings and outside surfaces of tubes in joint area before
assenbly of joint. Apply joint flux, filler material, and heat source in
accordance with the manufacturer's instructions. Provide valves in copper
pi pi ng that have screwed ends with end adaptors to suit mechanica
connections, unless solder jointing is otherw se indicated. Remake copper
joints that fail pressure tests with new materials, including pipe or
tubing fittings and filler netal.

Use hard-drawn copper tubing in all exposed areas. Use [hard drawn]
[ anneal ed tubi ng] where tubing is conceal ed.

Provi de wrought -copper solder-joint type fittings for supply system copper
t ubi ng except at connection to apparatus where using specified brass
nmechani cal and ips thread-adapter fittings. Tool-nmade bends in copper
tubing are acceptable in lieu of fittings.

Provi de anneal ed copper-tubi ng runs enbedded in concrete and protect by
[metallic] [plastic electric] conduit.

Provi de copper tubing horizontal supports for |ess than three tubes that
are rigid [25 by 10] [ ] milimeter [1- by 3/8] | ] inch neta
channel and are proprietary netal tube race for three or nore tubes.

[ Provide jointless copper tubing runs in soil that are protected by [0.305
mllinmeter 12-m | thick bitum nous coating] [PVC tape w apping].

13.1.2.2 Pl astic Tubi ng
Use plastic tubing, [sheathed] [unsheathed], except as otherw se
indicated, in lieu of, or in conjunction with, copper tubing upon prior
approval , provided:
Tubing is not exposed to ultraviolet |light or continuous anbient

tenmperatures in excess of [50] [ ] degrees C [120] | ] degrees
Fat any point al ong run.
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3.

Tubing is free from danger of nechani cal danage and readily accessible
for replacenent with a mninumof tools and w thout need to renpve
pl aster, furring, equipnent, or sinilar permanent construction

Tubing is enclosed within conduit or control panel cabinets, or is
conceal ed behi nd control panels.

Provi de col or coded or number coded plastic tubing, installed inside or
behi nd control panels. Neatly tie and support tubing. Neatly fasten

fl exi bl e connections bridging the cabinet and cabi net door al ong the hinge
side and protect agai nst abrasion

Run plastic tubing, in nechanical roons or in spaces where copper tubing
i s exposed, within adequately supported nmetal raceways or in nmetallic or
plastic electric conduit.

Use multiple-tube plastic harness or sheathing in place of single plastic
t ubes where a nunber of plastic tubes run to the sanme point, unless such
use i s otherw se prohibited.

Use fittings for plastic tubing in accordance with the manufacturer's
i nstructions.

Enbeddi ng nultipl e-tube plastic [harness] [sheathing] in concrete or
running it in soil below concrete w thout additional protection is allowed
provided it is jointless, contains [30] [ ] percent spares, and prior
approval has been obt ai ned.

Provide terminal single |lines made of hard-drawn copper tubing, except
that where the run is less than [300] [ ] milinmeter [12] | ]
i nches, use plastic tubing.

.1.3 Mechani cal Refrigeration Air Dryer Installation

Wal | nount through rubber-in-shear nmounts. Connect dryer to air
conpressor outlet with pressure regulator installed downstream of dryer.

.1.4 Vi bration |Isolation

To prevent vibration, isolate controllers by location or by munting
devi ces supplied by the equi prent manufacturer.

Install tubing and conduit to prevent the transm ssion of equi pnent

vi bration. Munt single tube runs in aircraft-type clanps containing an
el astomer insert, preventing contact with ducting or air handling unit
housi ng, casing, or enclosure. Provide multiple runs that conformto the
sanme isolation requirenents, but subnmit nounting details for approval.
Refer to Section 23 05 48.00 40 VI BRATI ON AND SEI SM C CONTROLS FOR HVAC
Pl PI NG AND EQUI PMENT for vibration isolation considerations.

2 FI ELD QUALI TY CONTRCL

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

NOTE: Provide inspection of the installation by the
Systens Engi neer/ Condition Monitoring

O ficelPredictive Testing Group during acceptance
testing using advanced nonitoring technol ogi es such
as Infrared I maging or Utrasonic Listening. These
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technol ogi es can identify |oose electrica
connections (hot spots), insulation voids/settling,

and system pressure/ vacuum | eaks.
EE IR I Sk S S I S S S I O R R R Rk S S Sk S O R R S Ik S I S R R Sk I O

Provi de equi pnent to check the calibration of instrunents. Recalibrate or
repl ace instrunents not in calibration

Performtests in accordance with referenced standards in this section

Test multizone unit danpers for tenperature pickup due to | eakage when hot

deck is closed and cold deck is open. Provide [1] [ ] degrees C [2]
[ ] degrees F maxi numtenperature rise when the tenperature difference
bet ween the hot and cold decks is [10] [ ] degrees C [20] [ ]

degrees F, unless otherw se approved.
After the inspection has been conpl eted, check systens for continuity.

After conpletion of control and instrunent piping, test and adjust control
equi pnment in terns of design, function, systens bal ance, and perfornance,
and ot herwi se make ready for air handling systens acceptance tests.
Provi de data showi ng set points and final adjustnments of controls.

After air handling system acceptance and after the systens have operated
in normal service for [2] [ ] weeks, check the adjustnment on
instruments and devices. Correct itens found to be out of order. Wen
air handling systenms are in specified operating condition and when al

ot her pertinent specifications requirenents have been net, automatic
tenmperature-control systemnms are acceptable.

Test pneunatic systens in accordance with I SA 7.0.01. Provide system
pressure that does not exceed [200] [ ] kil opascal [30] | ] psig

Submit test reports to the Contracting O ficer.
.3  CLOSEQUT ACTIVITIES
. 3.1 Qperator Training

Provide witten operating instructions and not less than [8] | ] hours
of operator training.

Provi de classroomand field instructions in operation and nai nt enance of
systens equi prent where required by the technical provisions. Direct

t hese services using the manufacturer's factory trained personnel or
gqualified representative. Gve the Contracting Oficer [seven] [ ]
cal endar days witten notice of schedul ed instructional services. Mke
instructional materials belonging to the nmanufacturer or vendor avail able
to the Contracting Oficer.

.3.2 Speci al Tool s

Provi de special tools as required for the operation and adjustnent of
controllers, instruments, or other control systemdevices. Provide the
list of special tools for acceptance to the Contracting O ficer

.3.3 Operation and Mai nt enance

Provi de operation and mai nt enance manual s that are consistent with
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manuf acturer's standard brochures, schenatics, printed instructions,
general operating procedures and safety precautions. Submt manuals in
el ectronic fornmat.

-- BEnd of Section --
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