EE R R Ik R I R R R I I O I R R I R O I R R I R R I I O R O

USACE / NAVFAC / AFCESA / NASA UFGS- 23 09 23 (Decenber 2009)
Preparing Activity: USACE Super sedi ng
UFGS- 23 09 23 (Novenber 2008)

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

Ref erences are in agreenent with UVRL dated January 2010

IR R R R E R RS EEEEEREEEEEEEEEREEEREREEEREEEREEEREEREREEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

SECTI ON TABLE OF CONTENTS
DI VI SION 23 - HEATI NG VENTI LATI NG, AND Al R CONDI TI ONI NG
SECTI ON 23 09 23
DI RECT DI G TAL CONTROL FOR HVAC AND OTHER LOCAL BUI LDI NG SYSTEMS

12/ 09

PART 1 GENERAL

REFERENCES
DEFI NI TI ONS
SUBM TTALS
SYSTEM DESCRI PTI ON
.1 Syst em Requi renents
.2 Verification of Dinmensions
.3 Dr awi ngs
PRQIECT SEQUENCI NG
QUALI TY CONTROL (QC) CHECKLI STS
DELI VERY AND STORACE
OPERATI ON AND MAI NTENANCE (O&M | NSTRUCTI ONS
MAI NTENANCE AND SERVI CE
Description of Wohrk
Per sonnel
Schedul ed | nspecti ons
Schedul ed Wor k
Ener gency Servi ce
Qperation
Records and Logs
Wor k Request s
System Modi fications
0 SURGE PROTECTI ON
10. 1 Power - Li ne Surge Protection
10. 2 Surge Protection for Transmitter and Control Wring
1.11 | NPUT MEASUREMENT ACCURACY
1.12 BU LDl NG CONTROL NETWORK
1.12.1 Backbone Medi a
1.12.2 Control Network Requirenents

PR RRR [ N N
A b D

PRERRPRPRRPRRPRRPRPPRPOONOORRERRONE

Loovovooooo
©CONOUTAWNR

PART 2 PRCODUCTS

2.1 EQUI PMENT
2.1.1 General Requirenents
2.1.2 Qperation Environnent Requirenents

SECTION 23 09 23 Page 1



NANNNONNN

SESISESISISESEGESESESESYSRRR S

NN

NEINEE

NNNNNNNNNNNONNGNNNN

NN

www

»

Y
ARPRPZW
e

aoooon

R SN S S S

NNNNNN

ENCLOSURES AND WEATHERSHI ELDS

21
.2

Encl osur es
Weat her shi el ds

TUBI NG

1

N

sw

NOUOPAWNREPID>ORWNE

Copper
St ai nl ess St eel
Pl astic

ETWORK HARDWARE

CEA-709. 1B Net wor k Har dwar e
1 CEA- 709. 1B Routers

2 CEA-709. 3 Repeaters
Gat eways

RE AND CABLE

Term nal Bl ocks

Control Wring for Binary Signals
Wring for 120-Volt Circuits
Control Wring for Analog Signals
Transformers

UTOVATI C CONTRCL VALVES

Bal | Val ves
Butterfly Val ves
Two- Wy Val ves
Thr ee- Wy Val ves

Duct-Coil and Term nal -Unit-Coil Val ves
Val ves for Chill ed-Water, Condenser-Water,
Val ves for Hi gh-Tenperature Water, Hot-Water and Dual

Tenperature Service

. 8

Val ves for Steam Service

DAMPERS

3 30 90 00 00 00 00 00 00 0O 0O P W W U1 B 00 000N I (NN N NN

NNDNDN

Danper Assenbly
Operating Li nkages
Damper Types

. 3.1 Fl ow Control Danpers
. 3.2 Mechani cal Roons and Qther Wility Space Ventilation Danpers
. 3.3 Snoke Danpers

ENSORS AND | NSTRUMENTATI ON

Transmitters
Tenperature Sensors

.1 Sensor Ranges and Accuracy
.2 Poi nt Tenperature Sensors

.3 Aver agi ng Tenperature Sensors
.4 Thernowel s

Rel ative Humi dity Sensor
Carbon Di oxi de (COQ2) Sensors
Differential Pressure Instrunmentation

5.1 Differential Pressure Sensors

(3]

PO PO
PR OONOUTAWNR

= O

.2 Differential Pressure Switch

FI ow Sensors
Airfl ow Measurenment Array (AFMA)
Oifice Plate
Fl ow Nozzl e
Venturi Tube
Annul ar Pitot Tube
I nsertion Turbine Fl owreter
Vort ex Sheddi ng Fl owret er
Positive Displacenment Fl ow Meter
Fl ow Meters, Paddle Type

FIl ow Swi t ch

Gas Utility Flow Meter

SECTION 23 09 23 Page 2

and d ycol



NN

NNNNNNNN

NECEN

.10

2.

2
2
2
1
1

1
2

DNND00000EBNNNEP00NNNNN®

1
9.
. 9.
2
3

R 12 © 00 00 00 00 00 00
NNNNN

® 0 0
e el
[N NN

PRRRRRER
O~NOUTAWN "

19

.8.19
.8.19

20
I NDI

1.
1.

El ectrical Instrunents

1 Watt or Watthour Transducers

2 WAt t hour Revenue Meter (with and w thout Demand Regi ster)
3 Current Transducers

4 Current Sensing Rel ays (CSRs)

.5 Vol t age Transducers

pH Sensor
Oxygen Anal yzer
Car bon Monoxi de Anal yzer
Cccupancy Sensors
.1 Passive Infrared (PIR) Occupancy Sensors
.2 U trasoni ¢ Occupancy Sensors
.3 Dual - Technol ogy Occupancy Sensor (PIR and U trasonic)
Vi bration Switch
Conductivity Sensor
Conpressed Air Dew Point Sensor
NOx Mbni t or
Turbidity Sensor
Chl orine Detector
Fl oor Mounted Leak Detector
Temperature Switch
.1 Duct Mount Tenperature Low Limt Safety Switch (Freezestat)
.2 Pi pe Mount Tenperature Limt Switch (Aquastat)
Danper End Switches
CATI NG DEVI CES
Ther nonet er s
1 Pi pi ng System Ther nonet ers
2 Ai r-Duct Thernoneters
Pressure Gauges
Low Differential Pressure Gauges

OUTPUT DEVI CES
10.1
2.10.1.1 Val ve Actuators
2.10.1.2 Danper Actuators
2.10.1.3 Positive Positioners
10.2
10.3
10. 4
USER | NPUT DEVI CES

MUL

2.12.1
2.12.2
COVPRESSED Al R STATI ONS
2.13.1
2.13.2
2.13.2.1 Refrigerated Dryer, Filters and, Pressure Regul ator
2.13.2.2 Fl exi bl e Pi pe Connecti ons
2.13.2.3 Vibration Isolation Units
DI RECT DI G TAL CONTROL (DDC) HARDWARE
2.14.1
2.14.2
2.14.3
2.14. 4

.13

.14

PART 3

21
.2
3

. 2.

Actuators

Sol enoi d- Operated Electric to Pneunmatic Switch (EPS)
El ectric to Pneumati c Transducers (EP)
Rel ays

TI FUNCTI ON DEVI CES
Current Sensing Relay Command Switch
Ther nost at s

Air Conpressor Assenbly
Conpressed Air Station Specialties

General Requirenents

Har dware | nput-Qutput (I1/0O Functions
Application Specific Controller (ASC

General Purpose Programmabl e Controller (GPPC)

EXECUTI ON

EXI STI NG CONDI TI ONS SURVEY
CONTROL SYSTEM | NSTALLATI ON

1

CGeneral Installation Requirenents

SECTION 23 09 23 Page 3



w

W W s W wwwww

wWwwww

NOWWRRRENNNNNOONOENNNNNNNNNNNNNDN W W

WWWWWhWwWwWwwWwwhA

HVAC Control System

Devi ce Mounting Criteria
Label s and Tags

DDC Har dwar e

Local Display Panel (LDP)

Gat enways

Network Interface Jack

Room I nst rument Mounti ng

PEPE
WN P

Duct Snoke Detectors

Cccupancy Sensors

10 Tenperature Limt Switch

11  Averagi ng Temperature Sensing El ements
12 Air Fl ow Measurenent Arrays (AFMA))

13 Duct Static Pressure Sensors

14 Rel ative Hum dity Sensors

15 Fl ownet er s

16 Danper s

.2.16.1 Danper Actuators
.2.16.2 Danper Installation

17 Val ves

.2.17.1 Bal | Val ves
.2.17.2 Butterfly Val ves

18 Local Gauges for Actuators
19 Wre and Cabl e

20 Copper Tubi ng

21 Pl astic Tubi ng

22 Pneunmati c Lines

2.22.1 Pneurmatic Lines in Mechanical/El ectrical Spaces
2.22.2 Pneumati c Lines External to Mechanical/El ectrical
2.22.3 Term nal Single Lines

2.22.4 Connection to Liquid and Steam Li nes

2.22.5 Connection to Ductwork

2.22.6 Tubing in Concrete

2.22.7 Tubi ng Connection to Actuators

23 Conpressed Air Stations
DRAW NGS AND CALCULATI ONS

.1 Net wor k Bandwi dt h Usage Cal cul ati ons
.2 DDC Contractor Design Draw ngs

.3 Draft As-Built Draw ngs

.4 Final As-Built Draw ngs

HVAC SYSTEMs SEQUENCES COF OPERATI ON

1 Al ar m Handl i ng

2 Schedul i ng

4.2.1 Syst em Mode

4,2.2 Syst em Schedul er Requi renents

4.2.3 Syst em Schedul er Qutput Determ nation

4.2.4 Air Handl er System Schedul i ng

4.2.5 St and- Al one Term nal Unit Scheduling

3 Sequences of Qperation for Air Handling Units

4.3.1 All-Air Small Package Unitary System

4.3.2 Heating and Ventilating Unit (or Unit Ventilator)

4.3.3 Singl e Zone with Heating and [DX] [ Cooling] Coils

4.3.4 Si ngl e Zone wi th Dual - Tenperat ure Coil

4.3.5 Singl e Zone with Heating and Cooling Coils and Return Air
Bypass

4.3.6 Single Zone with Humidity Control

4.3.7 Mul tizone [Dual -Duct] [with][w thout] Return Fan

4.3.8 Mul tizone with Hot Deck Bypass [with][w thout] Return Fan

SECTION 23 09 23 Page 4

I ndi cation Devices Installed in Piping and Liquid Systens



3.4.3.9 Variable Air Volume System[with][wi thout] Return Fan
3.4.4 Sequences of Qperation for Terminal Units
3.4.4.1 Zone Temperature Control - Cooling-Only VAV Box
3.4.4.2 Zone Tenperature Control - VAV Box with Reheat
3.4.4.3 Zone Tenperature Control - Fan Powered VAV Box
3.4.4. 4 Peri meter Radiation Control Sequence
3.4.4.5 Unit Heater and Cabinet Unit Heater
3.4.4.6 Gas-Fired Infrared Heater
3.4.4.7 Dual Tenperature Fan-Coil Unit
3.4.5 Sequences of Qperation for Hydronic Systens
3.4.5.1 Hydroni ¢ Heating Hot Water from Distributed [ Stean][ HTHW
Converter
3.4.5.2 Hydroni ¢ Heating Hot Water From Singl e-Buil ding Boiler
3.4.5.3 Hydroni ¢ Dual - Tenperature Systemw th [ Steani[H gh
Tenperature Hot Water] and Chilled Water
3.4.5.4 Hydroni ¢ Secondary with Vari abl e Speed Punp
.5 CONTROLLER TUNI NG
.6 START- UP AND START- UP TEST
T PERFORMANCE VERI FI CATI ON TEST ( PVT)
3.7.1 PVT Procedures
3.7.2 PVT Executi on
3.7.3 PVT Report
.8  TRAI NI NG
3.8.1 Trai ni ng Docunent ati on
3.8.2 Trai ni ng Course Content

End of Section Table of Contents --

SECTION 23 09 23 Page 5



Rk bk bk A IR R R Sk O O S R S AR R Rk O o O IR Ik S I S b R R

USACE / NAVFAC / AFCESA / NASA UFGS- 23 09 23 (Decenber 2009)
Preparing Activity: USACE Super sedi ng
UFGS- 23 09 23 (Novenber 2008)

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

Ref erences are in agreenent with UVRL dated January 2010

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

SECTION 23 09 23

DI RECT DI G TAL CONTROL FOR HVAC AND OTHER LOCAL BUI LDl NG SYSTEMs
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NOTE: This gui de specification covers the
requirenents for direct digital control for HVAC and
other local building systens.

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

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

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

Recommended changes to a UFGS should be subnmitted as
a Criteria Change Request (CCR)

Addi tional information and gui dance on use of this
gui de specification is contained in ECB 2004-11.
whi ch may be found on the Internet on the Techlnfo
web site at:

htt p: //ww. hnd. usace. arny. ni | /techi nfo/ ECoul | . ht m

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

PART 1 GENERAL

Rk Ik kR R IR R R Sk S ke S O R AR Rk R R Rk O o O O R R R IR R I S b I Rk o

NOTE: This specification covers installation of

| ocal (building-1level) controls using LonWrks-based
DDC. It is primarily intended for building | eve
control systems which are to be integrated into a
Uility Monitoring and Control System (UMCS) as
specified in Section 25 10 10 UTILITY MONI TORI NG AND
CONTROL SYSTEM (UMCS). For projects that require
the building systemto provide UMCS functionality
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(wi thout connection to a UMCS), the designer nust
i ncl ude the necessary requirenments from UFGS 25 10
10. Sone requirements to include in this case are:
1) LonWorks Network Configuration Too
2) Monitoring and Control Software
3) Conputer Wrkstations and Servers
Furt her details on specifying a stand-al one buil di ng
systemare in UFC 3-410- 02A.

The HVAC Control System design shall be in
accordance with UFC 3-410-02A. This specification is
based on the use of standard HVAC control systens
and the designer shall coordinate the design with
this specification. Additionally, the standard
drawi ngs, as delineated in UFC 3-410-02A, mnust be
used in the preparation of the contract draw ngs and
t hose drawi ngs nust be included in the conpl eted
desi gn package. Tenplates for typical contract type
drawi ngs, based on the standard draw ngs in UFC
3-410- 02A, have been devel oped and are available in
Aut oCAD and M croStation formats on the Internet on
t he Engi neeri ng Knowl edge Online Buil ding Autonmation
Systens website | ocated at:
https://eko.usace.arny.nil/fal bas/

EZE IR R R S I R R I I O R R R Ok S R R I R R R I O R O O

1.1 REFERENCES

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

NOTE: This paragraph is used to list the
publications cited in the text of the guide
specification. The publications are referred to in
the text by basic designation only and listed in
this paragraph by organi zation, designation, date,
and title.

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

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

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

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

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

Al R MOVEMENT AND CONTROL ASSOCI ATI ON | NTERNATI ONAL ( AMCA)

AMCA 500-D (1998) Laboratory Methods of Testing
Danpers for Rating
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AMVERI CAN SOCI ETY OF HEATI NG, REFRI GERATI NG AND Al R- CONDI TI ONI NG
ENG NEERS ( ASHRAE)

ASHRAE FUN | P (2009) Fundanental s Handbook, |-P Edition
ASHRAE FUN SI (2009) Fundanental s Handbook, SI Edition

ASME | NTERNATI ONAL ( ASMVE)

ASME B16. 15 (2006) Cast Bronze Threaded Fittings
Cl asses 125 and 250

ASME B16. 34 (2009) Vval ves - Flanged, Threaded and
Wl di ng End

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

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

Vessel s Division 1 - Basic Coverage
ASTM | NTERNATI ONAL (ASTM
ASTM A 269 (2008) Standard Specification for Seam ess

and Wel ded Austenitic Stainless Steel
Tubing for General Service

ASTM B 88 (2009) Standard Specification for Seanl ess
Copper Water Tube

ASTM B 88M (2005) Standard Specification for Seam ess
Copper Water Tube (Metric)

ASTM D 1693 (2008) Standard Test Method for
Envi ronmental Stress-Cracking of Ethyl ene
Pl astics

ASTM D 635 (2006) Standard Test Method for Rate of

Burni ng and/or Extent and Tinme of Burning
of Sel f-Supporting Plastics in a
Hori zontal Position

CONSUMER ELECTRONI CS ASSOC!I ATI ON ( CEA)

CEA-709. 1B (2002) Control Network Protocol
Speci fication

CEA-709. 3 (1999) Free-Topol ogy Twi sted-Pair Channel
Speci fication

CEA- 852- A (2004) Tunnel i ng Conponent Network
Prot ocol s Over Internet Protocol Channels

FLU D CONTROLS | NSTI TUTE (FCl)

FCl 70-2 (2006) Control Valve Seat Leakage
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| NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENG NEERS (| EEE)
| EEE C62.41.1 (2002; R 2008) |EEE Cuide on the Surges
Envi ronment in Low Voltage (1000 V and
Less) AC Power Circuits
| EEE C62.41.2 (2002) | EEE Reconmended Practice on
Characterization of Surges in Low Voltage
(1000 V and Less) AC Power Circuits
| EEE Std 142 (2007) Recommended Practice for G ounding
of Industrial and Conmercial Power Systens
- | EEE G een Book (Col or Book Series)
| SA - | NTERNATI ONAL SOCI ETY OF AUTOVATI ON (I SA)
| SA 7.0.01 (1996) Quality Standard for Instrument Air
LONMARK | NTERNATI ONAL ( LonMar k)

LonMark Interoperability Guide (2002) LonMark Application-Layer
Interoperability Quide; Version 3.3

LonMar k SNVT Li st (2002) LonMark SNVT Master List; Version
11 Revision 2

LonMark Xl F Cui de (2001) LonMark External Interface File
Ref erence Guide; Revision 4.0B

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NENVA 250 (2008) Enclosures for Electrical Equipnment
(1000 Vol ts Maxi mum
NEVA Cl12.1 (2008) Electric Meters; Code for
El ectricity Metering
NEVA C12. 10 (2004) Physical Aspects of Watthour Meters
NEVA Cl12. 20 (2002) Electricity Meter - 0.2 and 0.5

Accuracy Cl asses
NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 70 (2008; AMD 1 2008) National Electrical
Code - 2008 Edition

NFPA 90A (2008; Errata 2009) Standard for the
Installation of Air Conditioning and
Ventilating Systens
U.S. NATI ONAL ARCHI VES AND RECCRDS ADM NI STRATI ON ( NARA)
47 CFR 15 Radi o Frequency Devi ces
UNDERWRI TERS LABORATORI ES (UL)
UL 5085-3 (2006el; Rev thru Jun 2007) UL Standard
for Safety Standard Low Vol t age
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Transforners - Part 3: Cass 2 and C ass 3
Transforners

UL 555 (2006; Rev thru Feb 2009) Standard for
Fi re Danpers

UL 555S (1999; Rev thru Mar 2009) Snoke Danpers

UL 916 (2007; Rev thru Nov 2009) Energy

Managenent Equi pnent

UL 94 (1996; Rev thru Jun 2009) Tests for

.2

Flanmebility of Plastic Materials for
Parts in Devices and Appliances

DEFI NI TI ONS

The following list of definitions may contain terns not found el sewhere in
the Section but are included here for conpleteness.

a.

Application Specific Controller: A device that is furnished with a
pre-established built in application that is configurable but not
re-programuable. An ASC has a fixed factory-installed application
program (i.e Program I D) with configurable settings.

Bi nary: A two-state systemwhere an "ON' condition is represented by a
hi gh signal |level and an "OFF" condition is represented by a | ow signa
level. 'Digital' is sonetines used interchangeably with 'binary’

Bi ndi ng: The act of establishing comunications between CEA-709. 1B
devi ces by associating the output of a device to the input of another.

Bui | di ng Control Network: The CEA-709.1B control network installed
under this Section, consisting of a backbone and one or nore | oca
control busses.

Bui | di ng Poi nt of Connection (BPOC): The BPOC is the point of
connection between the UMCS networ k backbone (an I P network) and the
bui | di ng control network backbone. The hardware at this |ocation, that
provi des the connection is referred to as the BPOC Hardware. In
general, the term "BPOC Locati on" neans the place where this connection
occurs, and "BPOC Hardware" neans the device that provides the
connection. Sonetines the term"BPOC' is used to nean either and its
actual neaning (i.e. location or hardware) is determ ned by the context
in which it is used.

Channel : A portion of the control network consisting of one or nore
segnents connected by repeaters. Channels are separated by routers.
The device quantity lintation is dependent on the topol ogy/ medi a and
device type. For exanple, a TP/FT-10 network with locally powered
devices is limted to 128 devices per channel

Configuration Paranmeter: Controller setting usually witten to EEPROM
Al so see 'Standard Configuration Paraneter Type (SCPT)'

Control Logic Diagram A graphical representation of control logic for
mul ti ple processes that make up a system

Domai n: A grouping of up to 32,385 nodes that can conmmunicate directly
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with each other. (Devices in different domains cannot conmuni cate
directly with each other.) Part of the Node Addressing schene.

Explicit Messaging: A method of communi cati on between devices where
each nmessage contains a nessage code that identifies the type of
nessage and the devices use these codes to deternmine the action to take
when the nessage is received. These nessages are non-standard and

of ten vendor (application) dependent.

External Interface File (XIF): Afile which docunments a device's
external interface, specifically the nunber and types of LonMark

obj ects; the nunber, types, directions, and connection attributes of
networ k vari abl es; and the nunber of nessage tags.

Functional Profile: The description of one or nore LonMark Objects used
to classify and certify devices.

Gateway: A device that translates fromone protocol to another
Gat eways are al so call ed Comuni cations Bridges or Protocol Transl ators.

CGeneral Purpose Programmble Controller (GPPC): Unlike an ASC, a GPPC
is not furnished with a fixed application program A GPPC can be
(re-)progranmed, usually using vendor-supplied software.

LonMark Object: A collection of network variables, configuration

par ameters, and associ ated behavi or defined by LonMark Internationa
and described by a Functional Profile. Defines how information is
exchanged between devices on a network (inputs fromand outputs to the
net wor k) .

LNS Pl ug-in: Software which runs in an LNS conpatible software tool
Devi ce configuration plug-ins provide a 'user friendly' interface to
configuration paraneters.

LonMark: See LonMark International. Also, a certification issued by
LonMark International to CEA-709. 1B devi ces.

LonMark International: Standards commttee consisting of numerous

i ndependent product devel opers and systens integrators dedicated to
determ ning and maintaining the interoperability guidelines for the
LonWorks industry. Maintains guidelines for the interoperability of
CEA-709. 1B devi ces and issues the LonMark Certification for CEA-709.1B
devi ces.

LonMark Interoperability Association: See 'LonMark International'.

LonWor ks: The overall communi cati ons technol ogy, devel oped by Echel on
Corporation, for control systens. The termis often used to refer to
the technology in general, and may include reference to any/all of the:
protocol, network nanagenment, and interoperability guidelines where the
technol ogy i s based on the CEA-709. 1B protocol and enpl oys

i nteroperabl e devices along with the capability to openly nmanage these
devices (via nmultiple vendors) using a network configuration (or
service) tool

LonWor ks Network Services (LNS): A network managenent and dat abase
standard for CEA-709. 1B devi ces.

Moni toring and Control (M&C) Software: The UMCS 'front end' software
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aa.

bb.

CcC.

dd.

ee.

ff.

gg.

hh.

whi ch perfornms supervisory functions such as al arm handl i ng, scheduling
and data | oggi ng and provides a user interface for nonitoring the
system and configuring these functions.

Net wor k Vari abl e: See 'Standard Network Variable Type (SNVT)'.

Net wor k Configuration Tool: The software used to configure the contro
networ k and set device configuration properties. This software creates
and nodifies the control network database (LNS Dat abase).

Node: A device that comuni cates using the CEA-709. 1B protocol and is
connected to an CEA-709. 1B networKk.

Node Address: The |ogical address of a node on the network. Variations
i n node addressing are possible, but the 'Domain, Subnet, Node' fornat
is the established standard for this specification

Node ID: A unique 48-bit identifier assigned (at the factory) to each
CEA-709. 1B devi ce, sonetines called the Neuron |D.

Program ID: An identifier (nunber) stored in the device (usually
EEPROM that identifies the node manufacturer, functionality of device
(application & sequence), transceiver used, and the intended device
usage.

Repeater: A device that connects two control network segments and
retransmts all information received on one side onto the other

Router: A device that connects two channels and controls traffic

bet ween the channels by retransnitting signals received fromone subnet
onto the other based on the signal destination. Routers are used to
subdi vide a control network and to control bandw dth usage.

Segnent: A 'single' section of a control network that contains no
repeaters or routers. The device quantity limtation is dependent on
t he topol ogy/ medi a and device type. For exanple, a TP/ FT-10 network
with locally powered devices is linmted to 64 devices per segnent.

Service Pin: A hardware push-button on a device which causes the
device to broadcast a nessage (over the control network) containing its
Node ID and Program ID. This broadcast can also be initiated via
sof t war e

St andard Configuration Parameter Type (SCPT): Pronounced 'skip-it'. A
standard format type (nmaintained by LonMark International) for
Configuration Paraneters.

Standard Network Variable Type (SNVT): Pronounced 'snivet'. A
standard format type (naintained by LonMark International) used to
define data information transmtted and received by the individua
nodes. The term SNVT is used in two ways. Technically it is the
acronym for Standard Network Variable Type, and is sonetinmes used in
this manner. However, it is often used to indicate the network
variable itself (i.e. it can nean "a network variable of a standard
network variable type"). |In general, the intended neaning should be
clear fromthe context.

Subnet: Consists of a logical (not physical) grouping of up to 127
nodes, where the logical grouping is defined by node addressing. Part

SECTION 23 09 23 Page 12



1.

3

TP/ FT-10: A Free Topol ogy Twi sted Pair
This is the nbst conmmon nedia type for an ANSI-709.1 control

User - defi ned Configuration Paraneter Type (UCPT):
"u-keep-it'. A Configuration Paraneter format type that is defined by
t he devi ce manufacturer.

User-defined Network Variable Type (UNVT):
defined by the device manufacturer. Note that UNVTs create
non- st andard conmmuni cati ons (ot her vendor's devices nmay not correctly
it) and may close the systemand therefore are not
by this specification.

i nterpret

of the Node Addressing schene.

SUBM TTALS

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

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

For submittals requiring 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.

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

The subnmittals included in this guide specification
are critical for new projects and require Governnment
review. Any added submittals, normally, should be
for information only and revi ewed through the
Contractor Quality Control system

SECTION 23 09 23 Page 13

Pr onounced

net wor k defi ned by CEA-709. 3.

net wor k.

UMCS Network: An | P network connecting nultiple building | evel control
net wor ks usi ng the CEA-852-A standard.

A network vari abl e fornat

permtted
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The acquisition of all technical data, data bases
and conputer software itens that are identified
herein will be acconplished strictly in accordance
with the Federal Acquisition Regulation (FAR) and

t he Departnent of Defense Acquisition Regulation
Suppl enent (DOD FARS). Those regul ations as well as
the Services inplenentation thereof should al so be
consulted to ensure that a delivery of critica

items of technical data is not inadvertently |ost.
Specifically, the Rights in Technical Data and
Comput er Software C ause, DOD FARS 52.227-7013, and
the Data Requirenents C ause, DOD FAR 52.227-7031

as well as any requisite software |icensing
agreements will be made a part of the CONTRACT
CLAUSES or SPECI AL CONTRACT REQUI REMENTS. In
addition, the appropriate DD Form 1423 Contract Data
Requirements List, will be filled out for each

di stinct deliverable data item and nade a part of
the contract. Were necessary, a DD Form 1664, Data

Item Description, will be used to explain and nore
fully identify the data itens listed on the DD Form
1423. It is to be noted that all of these clauses

and forns are required to ensure the delivery of the
data in question and that such data is obtained with
the requisite rights to use by the Governnent.

Include with the request for proposals a conpleted
DD Form 1423, Contract Data Requirenents List. This
formis essential to obtain delivery of al
docunentation. Each deliverable will be clearly
specified, both description and quantity being

required.
EE IR R I Sk S S I S S I I R R R Rk S I S Sk S kI R R R Rk S S I S O Sk I S O R

CGovernment approval is required for submttals with a "G' designation;
submittals not having a "G' designation are for [Contractor Quality Contro
approval .] [information only. Wen used, a designation following the "G
designation identifies the office that will review the submttal for the
CGover nment . |

Techni cal data packages consisting of technical data and conputer software
(meani ng technical data which relates to conputer software) which are
specifically identified in this project and which may be defined/required
in other specifications shall be delivered strictly in accordance with the
CONTRACT CLAUSES and in accordance with the Contract Data Requirenents
List, DD Form 1423. Data delivered shall be identified by reference to the
particul ar specification paragraph against which it is furnished. Al
submittals not specified as technical data packages are considered 'shop
drawi ngs' under the Federal Acquisition Regulation Supplenent (FARS) and
shall contain no proprietary information and be delivered with unrestricted
rights.

Subnmit the following in accordance with Section 01 33 00 SUBM TTAL
PROCEDURES, the CONTRACT CLAUSES and DD Form 1423 and according to the
sequenci ng specified in paragraph PRQIECT SEQUENCI NG

SD- 02 Shop Drawi ngs

DDC Contractor Design Drawings[; Cl[; G |
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DDC Contractor Design Drawi ngs shall be submitted in hard copy
and on CDROM in [AutoCAD|[M crostation] fornmat.

Draft As-Built Drawings[; C[; G [_____ 1]

Draft As-Built Drawi ngs shall be submitted in hard copy and on
CDROM i n [ Aut oCAD| [ M crostation] format.

Final As-Built Drawings[; C[; G [____ 11

Final As-Built Drawi ngs shall be submitted in hard copy and on
CDROM i n [ Aut oCAD] [ M crostation] format.

SD- 03 Product Data
Manufacturer's Catalog Data[; C[; G |

Product specific catalog cuts shall be subnmitted for each
product provided under this specification.

Programming Software[; G [; G [____ 11

The nost recent version of the Programm ng software for each
type (manufacturer and nodel) of General Purpose Programabl e
Controller (GPPC) shall be subnitted as a Techni cal Data Package
and shall be licensed to the project site. Software shall be
submtted on CO-ROMand [ ] hard copies of the software user
manual shall be subnitted for each piece of software provided.

GPPC Application Progranms[; C[; G [

Al installed GPPC Application Prograns shall be submitted on
CD- ROM as a Technical Data Package. The CD-ROM shall include a
list or table of contents clearly indicating which application
programis associated with each device. [2][___ ] copies of the
GPPC Application Program s CD-ROM shall be subnitted.

XIF files[; C[; G [

External interface files (XIF files) shall be submitted as a
techni cal data package for each nodel of DDC Hardware provided
under this specification. X F files shall be subnitted on CD- ROM

LNS Dat abase[; Cl[; G |

Two copies of the LNS Database for the conplete control network
provi ded under this specification shall be subnmitted as a
Techni cal Data Package. Each copy shall be on CD-ROM and shall be
clearly marked identifying it as the LNS Database for the work
covered under this specification and with the date of the nost
recent database nodification.

LNS Plug-in[; C[; G [_____ 1]
LNS Plug-ins for each Application Specific Controller shall be
submitted as a Technical Data Package. LNS Plug-ins distributed

under a license shall be licensed to the project site. Plug-ins
shal |l be subnitted on CD-ROM Hard copy nanuals, if avail able,
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shal |l be subnitted for each plug-in provided.
SD- 05 Design Data
Net wor k Bandwi dt h Usage Cal culations[; C[; G [___ 11

[Four][___ ] copies of the Network Bandw dth Usage Cal cul ations
shall be submtted.

SD-06 Test Reports

Exi sting Conditions Report[; C[; G [___ 11
[Four][___ ] copies of the Existing Conditions Report shall be
submitted.
Start-Up and Start-Up Testing Report[; Cl[; G [___ 11
[Four][___ ] copies of the Start-Up and Start-Up Testing Report

shall be subnmitted. The Start-Up and Testing report may be
submitted as a Technical Data Package.

PVT Procedures[; C[; G [___ 11

[Four][___ ] copies of the PVT Procedures shall be submtted.
The PVT Procedures nmay be subnmitted as a Techni cal Data Package.
PVT Report[; C[;: G [___ 1]

[Four][___ ] copies of the PVT Phase Report shall be

submitted. The PVT Phase Report nay be subnmitted as a Techni cal
Dat a Package.

Pre-Construction Q Checklist[; CG[; G [___ 11

[Four][___ ] copies of the Pre-Construction QC Checklist shall
be submitted.
Post - Construction QC Checklist[; Cl[; G [___ 11

[Four][___ ] copies of the Post-Construction QC Checklist shall

be submitted.
SD-10 Operation and Mai ntenance Data
Qperation and Mai ntenance (O&) Instructions[; C[; G [___ 11

(211~ ] copies of the Operation and Maintenance Instructions,
i ndexed and in booklet formshall be submitted. The Operation and
Mai nt enance I nstructions shall be a single volune or in separate
vol unmes, and may be submitted as a Technical Data Package.

Training Docunentation[; CG[; G [___ 11

Trai ni ng manual s shall be delivered for each trainee on the
Course Attendee List with [2][__ ] additional copies delivered
for archival at the project site. [2][___ ] copies of the Course
Attendee List shall be delivered with the archival copies. The
Trai ni ng Docunentation may be subnmitted as a Technical Data
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Package
SD- 11 Cl oseout Submittals
O oseout QC Checklist[; C[; G [___ 11

[Four][___
subm tted

] copies of the O oseout QC Checklist shall be

1.4 SYSTEM DESCRI PTI ON

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

NOTE: Designer is to add location and site specific
requirenents

Rk Ik kb I IR R R I kO e S R R ARk Rk R Rk O ok O O kR SRR I b R R R o

The Direct Digital Control (DDC) systemshall be a conplete system suitable
for the control of the heating, ventilating and air conditioning (HVAC) and
ot her building-1evel systens as specified and shown.

1.4.1 System Requi renent s

Systens installed under this guide specification shall have the follow ng
characteristics:.

a. The control system shall be an open inplenmentation of LonWrks
t echnol ogy using CEA-709. 1B as the conmuni cati ons protocol and using
LonMar k Standard Network Variable Types as defined in LonMark SNVT Li st
for conmmuni cation over the network.

b. LonWrks Network Services (LNS) shall be used for all network
management i ncl udi ng addressi ng and bi ndi ng of network variables. A
copy of the LNS database shall be submitted to the project site as
speci fi ed.

c. The hardware shall performthe control sequences as specified and shown
to provide control of the equi pment as specified and shown.

d. Control sequence logic shall reside in DDC hardware in the building.
The buil ding control network shall not be dependent upon connection to
a Uility Mnitoring and Control System (UMCS) for perfornance of
control sequences in this specification. The hardware shall, to the
greatest extent practical, performthe sequences w thout reliance on
t he buil di ng networKk.

e. The hardware shall be installed such that individual control equi pnment
can be replaced by simlar control equipnent from other equi pnent
manuf acturers with no |l oss of systemfunctionality.

f. Al necessary docunentation, configuration information, configuration
tool s, programs, drivers, and other software shall be licensed to and
otherwi se remain with the Government such that the Government or their
agents are able to performrepair, replacenent, upgrades, and
expansi ons of the system wi thout subsequent or future dependence on the
Contractor.

g. The Contractor shall provide sufficient docunentation and data,

including rights to docunentation and data, such that the Government or
their agents can execute work to performrepair, replacenent, upgrades,
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and expansi ons of the system w t hout subsequent or future dependence on
the Contractor.

h. Hardware shall be installed and configured such that the Governnent or
their agents are able to performrepair, replacenent, and upgrades of
i ndi vi dual hardware wi thout further interaction with the Contractor

i. Control hardware shall be installed and configured to provide all input
and out put Standard Network Variabl es (SNVTs) as shown and as needed to
neet the requirenents of this specification

j. Al DDC devices installed under this specification shall conmunicate
via CEA-709.1B. The control systemshall be installed such that a SNVT
out put from any node on the network can be bound to any other node in
t he donai n.

1.4.2 Verification of D nensions

After becoming famliar with all details of the work, the Contractor shal
verify all dinensions in the field, and shall advise the Contracting
O ficer of any di screpancy before perform ng any work.

1.4.3 Dr awi ngs

The Government will not indicate all offsets, fittings, and accessories
that may be required on the drawi ngs. The Contractor shall carefully

i nvestigate the mechanical, electrical, and finish conditions that could
affect the work to be perforned, shall arrange such work accordingly, and
shal |l provide all work necessary to neet such conditions.

1.5 PROJECT SEQUENCI NG

TABLE |: PROJECT SEQUENCI NG lists the sequencing of submittals as specified
i n paragraph SUBM TTALS (denoted by an 'S in the 'TYPE colum) and
activities as specified in PART 3: EXECUTION (denoted by an '"E' in the
"TYPE' colum).

a. Sequencing for submttals: The sequencing specified for submittals is
t he deadline by which the submittal shall be initially submtted to the
Government. Foll owi ng subm ssion there will be a Governnment review
period as specified in Section 01 33 00 SUBM TTAL PROCEDURES. If the
submittal is not accepted by the Governnent, the Contractor shal
revise the subnmittal and resubnit it to the Government within

[14] ] ] days of notification that the submttal has been rejected.
Upon resubnmittal there shall be an additional Governnent review
period. |If the submttal is not accepted the process repeats until the

submittal is accepted by the Governnent.

b. Sequencing for Activities: The sequencing specified for activities
indicates the earliest the activity nmay begin.

c. Abbreviations: |In TABLE | the abbreviation AAO is used for 'after
approval of' and 'ACO is used for '"after conpletion of'.
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TABLE |. PRQIECT SEQUENCI NG

SEQUENCI NG
(START OF ACTIVITY or
I TEM #  TYPE DESCRI PTI ON DEADLI NE FOR SUBM TTAL)

1 S Exi sting Conditions Report

2 S DDC Contractor Design Draw ngs

3 S Manuf acturer's Catal og Data

4 S Net wor k Bandwi dt h Usage

Cal cul ati ons

5 S Pre-construction QC Checkli st

6 E Install Building Control System AAO #1 thru #5

7 E Start-Up and Start-Up Testing ACO #6

8 S Post - Construction QC Checkl i st [ ] days ACO #7

9 S Pr ogr anm ng Sof t war e [ ] days ACO #7

10 S XIF Files [ ] days ACO #7

11 S LNS Pl ug-ins [ ] days ACO #7

12 S Start-Up and Start-Up [ ] days ACO #7

Testing Report

13 S Draft As-Built Draw ngs [ ] days ACO #7

14 S PVT Procedures [ ] days before schedul e
start of #15 and AAO #12

15 E PVT AAO #13 and #14

16 S PVT Report [ ] days ACO #15

17 S GPPC Application Prograns [ ] days AAO #16

18 S LNS Dat abase [ ] days AAO #16

19 S Final As-Built Draw ngs [ ] days AAO #16

20 S &M | nstructions AAO #19

21 S Trai ni ng Docurent ati on AAO #12 and | ] days
bef ore schedul ed start
of #22

22 E Trai ni ng AAO #20 and #21

23 S Cl oseout QC Checkl i st ACO #22

1.6  QUALI TY CONTROL (QC) CHECKLI STS

The Contractor's Chief Quality Control (QC) Representative shall conplete
the QC Checklist in APPENDI X A and submit a Pre-Construction QC Checklist,
Post - Constructi on QC Checklist and a Cl oseout QC Checklist as specifi ed.
The QC Representative shall verify each itemin the Checklist and initial

in the provided area to indicate that the requirenment has been net. The QC
Representative shall sign and date the Checklist prior to submission to the
Gover nment .

1.7 DELI VERY AND STORAGE
Products shall be stored with protection fromthe weather, humdity, and
tenperature variations, dirt and dust, and other contam nants, within the
storage condition limts published by the equi prent manufacturer.

1.8 OPERATI ON AND MAI NTENANCE (Q&M) | NSTRUCTI ONS

The HVAC control System Operation and Maintenance I nstructions shal
i ncl ude:

a. "Manufacturer Data Package 3" as specified in Section 01 78 23
OPERATI ON AND MAI NTENANCE DATA for each piece of control equipnent.
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b. "Manufacturer Data Package 4" as described in Section 01 78 23
OPERATI ON AND MAI NTENANCE DATA for all air conpressors.

c. HVAC control system sequences of operation formatted as specified.

d. Procedures for the HVAC system start-up, operation and shut-down
i ncluding the manufacturer's supplied procedures for each piece of
equi prent, and procedures for the overall HVAC system

e. As-built HVAC control systemdetail drawi ngs formatted as specifi ed.
f. Printouts of configuration settings for all devices.

g. Routine maintenance checklist. The routine maintenance checklist shal
be arranged in a columar format. The first columm shall list al
installed devices, the second colum shall state the maintenance
activity or state no nmintenance required, the third columm shall state
the frequency of the maintenance activity, and the fourth colum for
addi ti onal comments or reference.

h. Qualified service organization list.
i. Start-Up and Start-Up Testing Report.
j. Performance Verification Test (PVT) Procedures and Report.

1.9 MAI NTENANCE AND SERVI CE

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

NOTE: The nmai ntenance and service to be provi ded by
the Contractor for the duration of the maintenance
contract is specified in this paragraph. The

Mai nt enance and Service nay need to be a separate
bid item funded by O&M funds.

Requi rements shoul d be coordi nated with "WARRANTY
MANAGEMENT" in Section 01 78 00 CLOSEQUT SUBM TTALS

Rk Rk kR IR R R I kO e O O R AR R R R Rk kO I R R I O S R Rk o

Services, materials and equi pnent shall be provided as necessary to
maintain the entire systemin an operational state as specified for a
peri od of one year after successful conpletion and acceptance of the
Performance Verification Test. Inpacts on facility operations shall be
m ni m zed.

1.9.1 Description of Wrk
The adjustnment and repair of the systemshall include the manufacturer's
requi red sensor and actuator (including transducer) calibration, span and
range adj ustnent.

1.9.2 Per sonne
Servi ce personnel shall be qualified to acconmplish work pronptly and

satisfactorily. The CGovernnent shall be advised in witing of the nane of
the designated service representative, and of any changes in personnel.
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9.3 Schedul ed | nspecti ons

Two inspections shall be performed at six-nmonth intervals and all work
required shall be performed. |Inspections shall be scheduled in [June and
Decenmber][__ ]. These inspections shall include:

a. Visual checks and operational tests of equipnrent.
b. Fan checks and filter changes for control system equi prment.
c. Cean control system equipnent including interior and exterior surfaces.

d. Check and calibrate each field device. Check and calibrate 50 percent
of the total analog inputs and outputs during the first inspection
Check and calibrate the remaining 50 percent of the anal og inputs and
out puts during the second mpjor inspection. Certify analog test
i nstrunmentation accuracy to be twice the specified accuracy of the
device being calibrated. Randomy check at |east 25 percent of al
digital inputs and outputs for proper operation during the first
i nspection. Randomly check at |east 25 percent of the remaining
digital inputs and outputs during the second inspection

e. Run system software diagnostics and correct diagnosed probl ens.

f. Resolve any previous outstandi ng probl ens.

.9.4 Schedul ed Wor k

This work shall be perforned during regular working hours, Mpnday through
Fri day, excluding Federal holidays.

.9.5 Emer gency Servi ce

The Governnment will initiate service calls when the systemis not
functioning properly. Qualified personnel shall be available to provide
service to the system A tel ephone nunber where the service supervisor can
be reached at all tines shall be provided. Service personnel shall be at
the site within 24 hours after receiving a request for service. The
control systemshall be restored to proper operating condition as required
per Section 01 78 00 CLOSEQUT SUBM TTALS

.9.6 Qper ation

Schedul ed adjustnments and repairs shall include verification of the contro
system operation as denonstrated by the applicable tests of the performance
verification test.

. 9.7 Records and Logs

Dat ed records and | ogs shall be kept of each task, with cumul ative records
for each mmjor component, and for the conplete systemchronologically. A
continuous |log shall be maintained for all devices. The log shall contain
initial anal og span and zero calibration values and digital points.

Conpl ete |1 ogs shall be kept and shall be available for inspection onsite,
denmonstrating that planned and systematic adjustnents and repairs have been
acconpl i shed for the control system
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1

1

9.8 Wor k Request s

Each service call request shall be recorded as received and shall include
its location, date and tinme the call was received, nature of trouble, nanes
of the service personnel assigned to the task, instructions describing what
has to be done, the amount and nature of the materials to be used, the time
and date work started, and the tine and date of conpletion. A record of
the work performed shall be submitted within 5 days after work is
acconpl i shed.

. 9.9 System Modi fications

Recommendati ons for system nodification shall be submitted in witing. No
system nodi fi cations, including operating paraneters and control settings,
shal | be nade wi thout prior approval of the Governnent. Any nodifications
made to the systemshall be incorporated into the Qperations and

Mai nt enance | nstructions, and other docunentation affected.

.10  SURGE PROTECTI ON

.10.1 Power - Li ne Surge Protection

Equi pnent connected to ac circuits shall be protected against or withstand
power-1line surges. Equipnent protection shall nmeet the requirenments of
| EEE C62.41.1, |EEE C62.41.2. Fuses shall not be used for surge protection.

.10.2 Surge Protection for Transmitter and Control Wring

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

NOTE: Deternmine if any additional inputs or outputs
require surge protecti on and show the requirenent
for themon the draw ngs.
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DDC hardware shall be protected agai nst or w thstand surges induced on
control and transnitter wiring installed outdoors and as shown. The
equi prrent protection shall be protected against the foll ow ng two wavef or ims:

a. A waveformw th a 10-m crosecond rise tine, a 1, 000-m crosecond decay
time and a peak current of 60 anps.

b. A waveformwi th an 8-microsecond rise tine, a 20-nicrosecond decay tine
and a peak current of 500 anperes.

11 I NPUT MEASUREMENT ACCURACY

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

NOTE: This paragraph is referenced el sewhere in the
specification. |If this paragraph is edited,

renoved, renaned etc make sure to verify that al
references to it are updated as needed.
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Sensors, transnitters and DDC Hardware shall be selected, installed and
configured such that the nmaxi numerror of the neasured value at the SNVT
out put of the DDC hardware is | ess than 150% of the maxi num al | owabl e error
specified for the sensor or instrumentation.

SECTION 23 09 23 Page 22



1.12 BUI LDI NG CONTRCL NETWORK
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NOTE: TP/ FT-

10 is specified as the nedia type for

the local control network as it is an ASA Standard

and t he nost
net wor K. I P
when needed,

common nedia type for a LonWrks
can be used as a hi gh-speed backbone
and gui dance on including IP is found

in the designer notes of this docunent and in UFC

3-410- 02A

TP/ FT-10 (and IP if needed) will generally neet al
t he needs of the building control network, and the

use of other

nmedi a types is strongly di scouraged

(see guidance in UFC 3-410-02A)
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The buil ding control network shall consist of a backbone and one or nore
| ocal control busses as specified.

1.12.1 Backbone Medi a

The backbone shall be a TP/ FT-10 network in accordance with CEA-709.3 or an

| P network as specified

in Section 25 10 10 UTILITY MONI TORI NG AND CONTROL

SYSTEMS (UMCS) according to the following criteria:

a.

b

The backbone shall be an IP network as specified in Section 25 10 10

UTI LI TY MONI TORI NG AND CONTROL SYSTEMS (UMCS) if both of the foll ow ng
conditions are met:

(1) the Network Bandw dth Cal cul ations for a heavily | oaded network
show that nmore than 70% of the 78 kbps (kilobits per second)
bandwi dth is used or the Network Bandwi dth Cal cul ations for a

normal Iy | oaded network show that nore than 30% of the 78 kbps
bandwi dth is used.

(2) the Governnent has approved the Network Bandw dth Cal cul ati ons
submittal

The backbone shall be a TP/ FT-10 network ot herw se.

1.12.2 Control Network Requirenents

Rk Ik kR IR R R O kO e O O I A Rk R R O Rk Ik I kS O O R R o

NOTE: Designer nust indicate Building Point of
Connection (BPOC) location (See itemb.).
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The

a.

control network shall neet the follow ng requirenents:

The backbone shall have no control devices connected to it. Only
CEA-709. 1B Routers and CEA-709. 1B TP/ FT-10 to I P Routers may be
connected to the backbone. CEA-709.1B TP/FT-10 to IP Routers are

specified in Section 25 10 10 UTILITY MONI TORI NG AND CONTROL SYSTEMS
(UMCS)

b. The backbone shall be installed such that a router at the Buildi ng Point

of Connection (BPOC) |ocation [as shown]| ] may be connected to the
backbone.
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e.
f.

PART 2

The | ocal control bus shall use CEA-709.1B over a TP/ FT-10 network in
doubl y-term nat ed bus topol ogy in accordance with CEA-709.3

The | ocal control busses shall be installed such that no node (device
connected to the control network) has nore than two CEA-709. 1B Routers
and CEA-709.3 Repeaters (in any conbination) between it and the
backbone, including the router connected to the backbone.

Al'l DDC Hardware shall connect to a |ocal control bus.

Al DDC Hardware shall be locally powered; |ink power is not acceptable.

PRODUCTS

PART 2 of this specification covers requirenments for Products (equi pnent).
Installation requirenents for these products are covered in PART 3 of this
speci fication.

2.1

2. 1.

EQUI PVENT

General Requirenents

Units of the sane type of equipnent shall be products of a single

manuf acturer. Each nmaj or conponent of equi pnent shall have the

manuf acturer's name and address, and the nodel and serial nunber in a
conspi cuous place. Materials and equi prent shall be standard products of a
manuf acturer regularly engaged in the manufacturing of these and simlar
products. The standard products shall have been in a satisfactory
commercial or industrial use for two years prior to use on this project.
The two year use shall include applications of equipnment and nmaterials
under simlar circunmstances and of simlar size. DDC Hardware not neeting
the two-year field service requirenent shall be acceptable provided it has
been successfully used by the Contractor in a m ninmum of two previous
projects. The equipnent itens shall be supported by a service

organi zation. Itens of the sane type and purpose shall be identical,

i ncl udi ng equi pnent, assenblies, parts and conponents. Mnufacturer's
cat al og data sheets docunenting conpliance with product specifications
shall be submitted as specified for each product installed under this
speci fication.

2. 1.

Al l

Qperation Environnent Requirenents

products shall be rated for continuous operation under the foll ow ng

condi tions:

a.

C.

Pressure: Pressure conditions normally encountered in the installed
| ocati on.

Vi bration: Vibration conditions normally encountered in the installed
| ocati on.

Tenper at ur e:

EZE IR R R S R R R I I O R R R Ok S R R R R I R I R I O R I O

NOTE: Designer nust decide if suggested outside air
tenperature range is sufficient, and provide a range
if it's not.

EE R R R S I R I R I R I O I R R R R I O S R R I R I I R S R R S R R R O
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2.

2.

(1) Products installed indoors: Ambient tenperatures in the range of
O to 50 degrees C 32 to 112 degrees F and tenperature conditions
outside this range normally encountered at the installed | ocation

(2) Products installed outdoors or in unconditioned i ndoor spaces:
Anbi ent tenperatures in the range of [-37 to plus 66 degrees C -35
to plus 151 degrees F] [__ ] and tenperature conditions outside
this range normally encountered at the installed | ocation

d. Humidity: 10%to 95% relative hunm dity, noncondensing and humdity
conditions outside this range nornally encountered at the installed
| ocati on.

2 ENCLOSURES AND WEATHERSHI ELDS

2.1 Encl osur es

EE IR R R I R R I I R R R I I O R R R R Ok S R R R R R I R I I O R O

NOTE: In outdoor applications specify Type 3 unless
hosedown of the enclosure is anticipated, in which
case specify Type 4.

For retrofit projects in older nechanical roons or
where hosedown of the enclosure is anticipated
specify Type 4 enclosures. Type 4 provides a
greater degree of protection in dirty and wet
environnents than does Type 2.

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

Encl osures shall neet the followi ng m ni mumrequirenents:

a. CQutdoors: Enclosures |ocated outdoors shall nmeet NEVA 250 [Type 3]
[ Type 4] requirenents.

b. Mechani cal and El ectrical Roons: Enclosures |ocated in mechanical or
el ectrical roons shall neet NEVA 250 [Type 2] [Type 4] requirenents.

c. Oher Locations: Enclosures in other |ocations including but not
limted to occupi ed spaces, above ceilings, and plenumreturns shal
neet NEVA 250 Type 1 requirenents.

Encl osures supplied as an integral (pre-packaged) part of another product
are acceptabl e.

. 2.2 Weat her shi el ds

Weat hershi el ds for sensors | ocated outdoors shall prevent the sun from
directly striking the sensor. The weathershield shall be provided with
adequate ventilation so that the sensing el ement responds to the anbient
conditions of the surroundings. The weathershield shall prevent rain from
directly striking or dripping onto the sensor. Wathershields installed
near outside air intake ducts shall be installed such that normal outside
air flow does not cause rainwater to strike the sensor. \Wathershields
shal | be constructed of gal vani zed steel painted white, unpainted al um num
al um num painted white, or white PVC
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.3 TUBI NG

.3.1 Copper

Copper tubing shall conformto ASTM B 88 and ASTM B 88M

.3.2 Stai nl ess Stee

Stainl ess steel tubing shall conformto ASTM A 269

.3.3 Pl astic

Pl astic tubing shall have the burning characteristics of linear |owdensity
pol yet hyl ene tubi ng, shall be self-extinguishing when tested in accordance
with ASTM D 635, shall have UL 94 V-2 flammability classification or
better, and shall w thstand stress cracking when tested in accordance wth
ASTM D 1693. Pl astic-tubing bundl es shall be provided with Mylar barrier
and flame-retardant pol yet hyl ene jacket.

.4 NETWORK HARDWARE

4.1 CEA-709. 1B Networ k Har dwar e

.4.1.1 CEA-709. 1B Routers

CEA-709. 1B Routers (including routers configured as repeaters) shall neet
the requirenents of CEA-709.1B and shall provide connection between two or
nore CEA-709.3 TP/ FT-10 channel s.

.4.1.2 CEA-709. 3 Repeaters

CEA-709. 3 Repeaters shall be physical |ayer repeaters in accordance wth
CEA- 709. 3.

.4.2 Gat eways

Gat eways shall perform bi-directional protocol translation fromone non-
CEA-709. 1B protocol to CEA-709.1B. Gateways shall incorporate exactly two
network connections: one shall be for connection to a TP/ FT-10 network in
accordance with CEA-709.3 and the second shall be as required to

communi cate with the non- CEA-709. 1B net wor k.

.5 W RE AND CABLE

All wire and cable shall meet the requirements of NFPA 70 and NFPA 90A in
addition to the requirenents of this specification.

.5.1 Term nal Bl ocks

Term nal bl ocks which are not integral to other equipnent shall be

i nsul ated, nodul ar, feed-through, clanp style with recessed captive
screwtype clanpi ng mechanism shall be suitable for rail nounting, and
shal | have end plates and partition plates for separation or shall have
encl osed si des.

.5.2 Control Wring for Binary Signals

Control wiring for binary signals shall be 18 AWG copper and shall be rated
for 300-volt service.
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2.

5.3 Wring for 120-Volt Circuits

Control wiring for 120-volt circuits shall be 18 AWG or thicker stranded
copper and shall be rated for 600-volt service.

.5.4 Control Wring for Analog Signals

Control Wring for Anal og Signals shall be 18 AWG copper, single- or
nmultiple-twisted, mninmunr 50 mr 2 inch lay of twist, 100% shi el ded pairs,
and shall have a 300-volt insulation. Each pair shall have a 20 AWG

ti nned-copper drain wire and individual overall pair insulation. Cables
shal | have an overall al unm num pol yester or tinned-copper cable-shield
tape, overall 20 AWG tinned-copper cable drain wire, and overall cable

i nsul ati on.

.5.5 Transforners

Transformers shall be UL 5085-3 approved. Transforners shall be sized so
that the connected load is no greater than 80% of the transformer rated
capacity.

.6 AUTOVATI C CONTROL VALVES

EZE IR R R S I R R I I O R R R Ok S R R I R R R I O R O O

NOTE: Ball valves are generally |ess expensive than
gl obe val ves, but because of potential cavitation
probl ens should only be used in 2-position and
chilled water applications. It is recommended that
you coordinate their use with the |ocal naintenance
staff because unlike gl obe val ves nmi ntenance is
nmore likely to require conplete renoval of the valve

Show each valve's Kv (nm3/hr) and/or Cv (gal/mn) on
the Val ve Schedule. Kv = 0.857 x Cv.
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Val ves shall have stainless-steel stens and stuffing boxes wth extended
necks to clear the piping insulation. Valve bodies shall meet ASVE B16. 34
or ASME B16. 15 pressure and tenperature class ratings based on the design
operating tenperature and 150% of the system design operating pressure.

Unl ess ot herwi se specified or shown, valve | eakage shall neet FC 70-2
Class |V | eakage rating (0.01% of valve Kv). Unless otherw se specified or
shown, val ves shall have gl obe-style bodies. Unless otherw se specified:

a. Bodies for valves 38 mm 1.5 inches and small er shall be brass or
bronze, with threaded or union ends.

b. Bodies for 50 nmr 2 inch val ves shall have threaded ends.

c. Bodies for valves 50 to 80 nr 2 to 3 inches shall be of brass, bronze
or iron.

d. Bodies for valves 65 mr 2.5 inches and | arger shall be provided with
fl anged- end connecti ons.

e. For nodul ating applications, valve Kv (Cv) shall be within 100 to 125%
of the Kv (Cv) shown.
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f. For two position applications (where the two positions are full open
and full closed) the Kv (Cv) shall be the largest available for the
val ve si ze.

g. Valve and actuator conbination shall be nornmally open or nornally
cl osed as shown.

2.6.1 Bal | Val ves

Bal | s shall be stainless steel or nickel plated brass. Valves shall have
bl ow out proof stems. |In steam and hi gh tenperature hot water
applications, the valve-to-actuator |inkage shall provide a thernal break.

2.6.2 Butterfly Val ves

Butterfly val ves shall be threaded lug type suitable for dead-end service
and nodul ation to the fully-closed position, with carbon-steel bodies and
non-corrosive discs, stainless steel shafts supported by bearings, and EPDM
seats suitable for tenperatures from -29 to plus 121 degrees C -20 to plus
250 degrees F. The rated Kv (Cv) for butterfly valves shall be the val ue
Kv (Cv) at 70% (60 degrees) open position. Valve |eakage shall neet

FClI 70-2 dass VI |eakage rating.

2.6.3 Two- Wy Val ves

Two- way nodul ati ng val ves used for |iquids shall have an equal - percent age
characteristic. Two-way nodul ating val ves used for steam shall have a
l'i near characteristic.

2.6.4 Thr ee- Wy Val ves

Thr ee-way nodul ati ng val ves shall provide equal percentage flow contro
with constant total flow throughout full plug travel.

2.6.5 Duct-Coil and Term nal -Unit-Coil Val ves

Control valves with either flare-type or solder-type ends shall be provided
for duct or terminal-unit coils. Flare nuts shall be provided for each
flare-type end val ve.

2.6.6 Val ves for Chilled-Water, Condenser-Water, and d ycol Service

Val ve internal trimshall be Type 316 stainless steel. Valves 100 nmr 4
inches and | arger shall be butterfly val ves.

2.6.7 Val ves for High-Tenperature Water, Hot-Water and Dual Tenperature
Servi ce

Val ves for hot water service between 99 and 121 degrees C 210 and 250
degrees F and dual -tenperature service shall have internal trim (including
seats, seat rings, nodul ating plugs, and springs) of Type 316 stainless
steel. Internal trimfor valves controlling water bel ow 99 degrees C 210
degrees F shall be brass, bronze or Type 316 stainless steel. Nonnetallic
val ve parts shall be suitable for a m ni mum conti nuous operating
tenmperature of 121 or 28 degrees C 250 or 50 degrees F above the system
desi gn tenperature, whichever is higher. Valves 100 mr 4 inches and | arger
shal |l be butterfly val ves.

For high-tenperature hot water service above 121 degrees C 250 degrees F
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val ve bodi es shall be carbon steel, globe type with wel ded ends on val ves
25 mr 1 inch and larger. Valves smaller than 25 mr 1 inch shall have
socket-wel d ends. Packing shall be virgin polytetrafl uoroethylene (PTFE)
Internal valve trimshall be Type 316 stainless steel

2.6.8 Val ves for Steam Service

Bodi es for valves 100 mm 4 inches and | arger shall be iron or carbon
steel. Internal valve trimshall be Type 316 stainless steel. If the
specified Kv (Cv) is not available the valve manufacturer's next | argest
size shall be used.

2.7 DAMPERS
2.7.1 Danper Assenbly

A singl e danper section shall have blades no |onger than 1.2 n 48 inch and
shall be no higher than 1.8 m 72 inch. WMaxi mum danper bl ade wi dth shall be
203 mr 8 inch. Larger sizes shall be made froma conbi nati on of sections.
Danpers shall be steel, or other materials where shown. Flat blades shal
be made rigid by folding the edges. Bl ade-operating |inkages shall be
within the frame so that bl ade-connecting devices within the sane danper
section shall not be located directly in the air stream Danper axles
shall be 13 mr 1/2 inch mnimum plated steel rods supported in the danper
frane by stainless steel or bronze bearings. Blades nounted vertically
shal | be supported by thrust bearings. Pressure drop through danpers shal
not exceed 10 Pa 0.04 inches water gauge at 5.1 m's 1,000 ft/mn in the

wi de- open position. Franes shall not be less than 50 mm 2 inch in w dth.
Danpers shall be tested in accordance with AMCA 500-D

2.7.2 Oper ati ng Li nkages

Operating links external to danpers, such as crank arnms, connecting rods,
and line shafting for transmtting notion from danper actuators to danpers,
shall withstand a |oad equal to at |east 300% of the nmaximum required
danper-operating force. Rod lengths shall be adjustable. Links shall be
brass, bronze, zinc-coated steel, or stainless steel. Wrking parts of
joints and cl evises shall be brass, bronze, or stainless steel.

Adj ust ments of crank arms shall control the open and cl osed positions of
danpers.

2.7.3 Damper Types
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NOTE: The desi gner should consider the application
requirenents and edit the | eakage ratings as needed.
Show exceptions to these specifications in the
Danper Schedul e.

AMCA 500 | eakage classifications at 4 iw (1017 Pa)
static:

Cass 1. 8 cfmper square foot of (406 L/s per
square neter) danper area.

Cass 2: 20 cfmsf (102 L/s per square neter).

Cass 3: 40 cfmsf (203 L/s per square neter).
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Class 4: 80 cfmsf (406 L/s per square neter).

Consi der specifying very | ow | eakage (O ass 1)

and/ or thermally broken (barrier) frames for QA
danpers in very cold climtes and/or where unit runs
24/ 7 during unoccupi ed node. Edit specification as

necessary.
R R R R R R R R R R R R

2.7.3.1 Fl ow Control Danpers

Qutside air, return air, relief air, exhaust, face and bypass danpers shal
be provi ded where shown and shall be parall el -blade or opposed bl ade type
as shown on the Damper Schedul e. Bl ades shall have interl ocking edges and
shal | be provided with conpressible seals at points of contact. The
channel franes of the danpers shall be provided with janb seals to mnimze
air | eakage. Unless otherw se shown, danpers shall be AMCA 500-D d ass 2
and shall not |eak in excess of 102 L/s per square neter 20 cfm per square
foot at 1017 Pa 4 inches water gauge static pressure when closed. CQutside
air danper seals shall be suitable for an operating tenperature range of
-40 to plus 75 degrees C -40 to plus 167 degrees F. Danpers shall be rated
at not less than 10 mis 2000 ft/mn air velocity.

.7.3.2 Mechani cal Roons and Other Wility Space Ventilation Danpers

Uility space ventil ation danpers shall be as shown. Unless otherw se
shown, danpers shall be AMCA 500-D class 4 and shall not |eak in excess of
406 L/s per square neter 80 cfm per square foot at 1017 Pa 4 inches water
gauge static pressure when closed. Danpers shall be rated at not |ess than
7.6 ms 1500 ft/mn air velocity.

.7.3.3 Snmoke Danpers

Snoke- danper and actuator assenbly shall neet the current requirenments of
NFPA 90A, UL 555, and UL 555S. Conbination fire and snoke danpers shall be
rated for 121 degrees C 250 degrees F Class Il |eakage per UL 555S.

. 8 SENSORS AND | NSTRUMENTATI ON

Unl ess ot herwi se specified, sensors and instrunentation shall incorporate
an integral transnitter or be provided with a transmitter co-located with
the sensor. Sensors and instrunentation, including their transnmtters,
shal |l neet the specified accuracy and drift requirenents at the input of
the connected DDC Hardware's anal og-to-digital conversion. Sensors and
instrumentation, including their transmtters, shall meet or exceed the
speci fied range.

.8.1 Transnmitters

The transnmitter shall match the characteristics of the sensor.

Transmitters providing anal og val ues shall produce a linear 4-20 mAdc, 0-10
Vdc or SNVT out put corresponding to the required operating range and shal
have zero and span adjustrment. Transmtters providing binary val ues shal
have dry contacts or SNVT output. Transmitters with SNVT output are
Application Specific Controllers (ASCs) and shall neet all ASC
requirenents. (note: ASCs are specified in paragraph DI RECT DI G TAL CONTROL
(DDC) HARDWARE)
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2.8.

Tenper ature Sensors

2.8.2.1 Sensor Ranges and Accuracy

Tenperature sensors nmay be provided without transmitters. Tenperature
sensors, including transmtter if used, shall have m ni mum operating
ranges, mnimum accuracy and nmaxi mumdrift as specified bel ow for the
appl i cation:

a.

C.

d.

Condi ti oned Space Tenperature
(1) Operating Range: 10 to 30 degrees C 50 to 86 degrees F.
(2) Accuracy: +/- 0.5 degrees C 1 degree F over the operating range.
(3) Drift: Maxinmun 0.5 degrees C 1 degree F per year.
Uncondi ti oned Space Tenperature
(1) Operating Range: -7 to plus 66 degrees C 20 to 150 degrees F.
(2) Accuracy: +/- 0.5 degrees C 1 degree F over the range of -1 to
pl us 55 degrees C 30 to 131 degrees F and +/- 2 degrees C 4
degrees F over the rest of the operating range.
(3) Drift: Maximun 0.5 degrees C 1 degree F per year
Duct Tenperature
(1) Operating Range: 5 to 60 degrees C 40 to 140 degrees F.
(2) Accuracy: +/- 1 degree C 2 degrees F.
(3) Drift: Maxinmun 1 degree C 2 degrees F per year.

Qutside Air Tenperature
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NOTE: Designer nust choose a range for outside air
sensors suitable to the environnment at the project
site.
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(1) Operating Range: | ] degrees C degrees F.

(2) Accuracy:

(a) +/- 1 degree C 2 degrees F over the range of -35 to plus 55
degrees C -30 to plus 130 degrees F.

(b) +/- 0.5 degrees C 1 degree F over the range of -1 to plus 40
degrees C 30 to 100 degrees F.

(3) Drift: Maxinmum 0.5 degrees C 1 degree F per year
Hi gh Tenperature Hot Water

(1) Operating Range: 65 to 232 degrees C 150 to 450 degrees F.
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(2) Accuracy: +/- 2 degrees C 3.6 degrees F.
(3) Drift: Maximum +/- 1 degree C 2 degrees F per year
f. Chilled Water
(1) Operating Range: -1 to plus 38 degrees C 30 to 100 degrees F.
(2) Accuracy: +/- 0.4 degrees C 0.8 degrees F over the range of 2 to
18 degrees C 35 to 65 degrees F and +/- 1 degree C 2 degrees F
over the rest of the operating range.
(3) Drift: Mximun 0.4 degrees C 0.8 degrees F per year.
g. Dual Tenperature Water
(1) Operating Range: -1 to plus 116 degrees C 30 to plus 240 degrees F.
(2) Accuracy: +/- 1 degree C 2 degrees F.
(3) Drift: Maximunm 1 degree C 2 degrees F per year
h. Heating Hot Water
(1) Operating Range: 21 to 121 degrees C 70 to 250 degrees F.
(2) Accuracy: +/- 1 degree C 2 degrees F.
(3) Drift: Maximunm 1 degree C 2 degrees F per year
i. Condenser Water
(1) Operating Range: -1 to plus 54 degrees C 30 to 130 degrees F.
(2) Accuracy: +/- 0.6 degrees C 1 degree F.
(3) Drift: Maximun 0.6 degrees C 1 degree F per year.
.8.2.2 Poi nt Tenperature Sensors

Poi nt Sensors shall be encapsul ated in epoxy, series 300 stainless steel,
anodi zed al um num or copper.

.8.2.3 Aver agi ng Tenperature Sensors

Aver agi ng sensors shall be a continuous elenent with a m nimum | ength equa
to 3 msquare neter 1 foot/square foot of duct cross-sectional area at the
installed | ocation. The sensing el enent shall have a bendabl e copper
sheat h.

.8.2.4 Ther nowel | s

Thernowel | s shall be Series 300 stainless steel with threaded brass plug
and chain, 50 mr 2 inch | aggi ng neck and extension type well. |Inside

di ameter and insertion length shall be as required for the application.
.8.3 Rel ative Hum dity Sensor

Rel ative hum dity sensors shall use bul k polynmer resistive or thin film
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capacitive type non-saturating sensing el enments capable of wthstanding a
saturated condition w thout permanently affecting calibration or sustaining
damage. The sensors shall include renovable protective nenbrane filters.
Where required for exterior installation, sensors shall be capable of
surviving bel ow freezing tenperatures and direct contact with noisture

wi t hout affecting sensor calibration. Wen used indoors, the sensor shal
be capabl e of being exposed to a condensing air stream (100% RH) with no
adverse effect to the sensor's calibration or other harmto the

instrument. The sensor shall be of the wall-nmounted or duct-nounted type,
as required by the application, and shall be provided with any required
accessories. Sensors used in duct high-limt applications shall have a
bul k pol yner resistive sensing elenent. Duct-nobunted sensors shall be
provided with a duct probe designed to protect the sensing el enent from
dust accunul ati on and nechani cal danage. Relative humidity (RH) sensors
shal | neasure relative hum dity over a range of 0%to 100% wi th an accuracy
of +/- 3% RH sensors shall function over a tenperature range of -4 to
plus 55 degrees C 25 to 130 degrees F and shall not drift nore than 2% per
year.

.8.4 Car bon Di oxi de (CO2) Sensors

Car bon di oxi de (CQ2) sensors shall neasure CO2 concentrations between 0 to
2000 parts per nmillion (ppm using non-dispersive infrared (ND R)
technol ogy with an accuracy of +/- 75 ppmand a nmaxi numresponse tine of 1
m nute. The sensor shall be rated for operation at anmbient air
tenmperatures within the range of 0 to 50 degrees C 32 to 122 degrees F and
relative humdity within the range of 0 to 95% (non-condensing). The
sensor shall have a maximumdrift of 2% The sensor chanber shall be
manufactured with a non-corrosive naterial (such as gold-plating) that does
not affect carbon di oxi de sanple concentration. Duct nmounted sensors shal
be provided with a duct probe designed to protect the sensing el ement from
dust accunul ati on and nechani cal danage.

.8.5 Differential Pressure Instrunentation
.8.5.1 Differential Pressure Sensors

Differential Pressure Sensor range shall be as shown or as required for the
application. Pressure sensor ranges shall not exceed the high end range
shown on the Points Schedule by nore than 50% The over pressure rating
shal |l be a m ni mum of 150% of the highest design pressure of either input
to the sensor. The accuracy shall be +/- 2%of full scale.

.8.5.2 Differential Pressure Swi tch

The switch shall have a user-adjustable setpoint. The setpoint shall not
be in the upper or lower quarters of the range. The over pressure rating
shal |l be a m ni mum of 150% of the highest design pressure of either input
to the sensor. The switch shall have two sets of contacts and each contact
shall have a rating greater than it's connected | oad. Contacts shall open
or close upon rise of pressure above the setpoint or drop of pressure bel ow
the setpoint as shown.

.8.6 Fl ow Sensors
.8.6.1 Airfl ow Measurement Array (AFMY)

Airflow Strai ghtener.-AFMAs shall contain an airflow strai ghtener if
required by the AFMA manufacturer's published installation instructions.
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The straightener shall be contained inside a flanged sheet netal casing,
with the AMFA | ocated as specified according to the published
recomendati on of the AFMA manufacturer. |In the absence of published
docunentation airflow strai ghteners shall be provided if there is any duct
obstruction within 5 duct dianeters upstreamof the AFMA.  Air-flow

strai ghteners, where required, shall be constructed of 3 nmm 0.125 inch

al um num honeyconb and the depth of the straightener shall not be |ess than
40 mr 1.5 inches.

Resi stance to airflow -The resistance to air flow through the AFMA,
including the airflow strai ghtener shall not exceed 20 Pa 0.08 i nch water
gauge at an airflow of 10 mis 2,000 fpn. AFMA construction shall be
suitable for operation at airflows of up to 25 ms 5,000 fpmr over a
tenperature range of 4 to 49 degrees C 40 to 120 degrees F

IR R R R E R RS EEEEEREEEEEEREEEREEEREREEEREEEEEEREEEEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

NOTE: Ensure that outside air tenperature range is
appropriate for the environnent at the project site,

; RSt
and provide a range if it's not.
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Qutside air tenperature.-In outside air measurenment or in | owtenperature
air delivery applications, the AFMA shall be certified by the manufacturer
to be accurate as specified over a tenperature range of [-29 to plus 49
degrees C -20 to plus 120 degrees F] [__ ].

Pitot Tube AFMA.-Each Pitot Tube AFMA shall contain an array of velocity
sensing elenents. The velocity sensing elenents shall be of the nmultiple
pitot tube type with averagi ng mani folds. The sensing el enents shall be
distributed across the duct cross section in the quantity and pattern
specified by the published installation instructions of the AFMA

manuf acturer. Pitot Tube AFMAs shall have an accuracy of +/- 3%over a
range of 2.5 to 12.5 ms 500 to 2,500 fpm.

El ectroni ¢ AFMA. - Each el ectronic AFMA shall consist of an array of velocity
sensing el enents of the resistance tenperature detector (RTD) or therm stor
type. The sensing elements shall be distributed across the duct cross
section in the quantity and pattern specified by the published application
data of the AFMA manufacturer. Electronic AFMAs shall have an accuracy of
+/ - 3% percent over a range of 0.6 to 12.5 m's 125 to 2,500 fpnm and the

out put shall be tenperature conpensated over a range of O to 100 degrees C
32 to 212 degrees F

.8.6.2 Oifice Plate

Oifice plate shall be nade of an austenitic stainless steel sheet of 3.3 mMm
0.125 inch nomnal thickness with an accuracy of +/- 1%of full flow. The
orifice plate shall be flat within 0.1 nmm 0.002 inches. The orifice

surface roughness shall not exceed 0.5 micro-neters 20 mcro-inches. The

thi ckness of the cylindrical face of the orifice shall not exceed 2% of the
pi pe inside dianeter or 12.5% of the orifice dianmeter, whichever is

smal ler. The upstream edge of the orifice shall be square and sharp.

Wiere orifice plates are used, concentric orifice plates shall be used in

all applications except steam fl ow neasurenent in horizontal pipelines.

.8.6.3 Fl ow Nozzl e

Fl ow nozzl e shall be nade of austenitic stainless steel with an accuracy of
+/- 1%of full flow The inlet nozzle formshall be elliptical and the
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nozzl e throat shall be the quadrant of an ellipse. The thickness of the
nozzl e wall and flange shall be such that distortion of the nozzle throat
fromstrains caused by the pipeline tenmperature and pressure, flange
bolting, or other methods of installing the nozzle in the pipeline shal

not cause the accuracy to degrade beyond the specified Iimt. The outside
di aneter of the nozzle flange or the design of the flange facing shall be
such that the nozzle throat shall be centered accurately in the pipe.

.8.6.4 Venturi Tube

Venturi tube shall be made of cast iron or cast steel and shall have an
accuracy of +/- 1% of full flow The throat section shall be lined with
austenitic stainless steel. Thernal expansion characteristics of the
lining shall be the same as that of the throat casting material. The
surface of the throat lining shall be machined to a +/- 1.2 micrometer 50
mcro inch finish, including the short curvature | eading fromthe
convergi ng entrance section into the throat.

.8.6.5 Annul ar Pitot Tube

Annul ar pitot tube shall be made of austenitic stainless steel with an
accuracy of +/- 2%of full flow and a repeatability of +/- 0.5% of neasured
value. The unit shall have at |east one static port and no | ess than four
total head pressure ports with an averagi ng manifol d.

.8.6.6 I nsertion Turbine Fl owmret er

I nsertion Turbine Fl owreter accuracy shall be +/- 1% of reading for a

m ni mum turndown ratio of 1:1 through a maxi mum turndown ratio of 50:1
Repeatability shall be +/- 0.25% of reading. The nmeter flow sensing

el ement shall operate over a range suitable for the installed |location with
a pressure loss limted to 1% of operating pressure at maxi num flow rate.
Desi gn of the flownreter probe assenbly shall incorporate integral flow,
tenmperature, and pressure sensors. The turbine rotor assenbly shall be
constructed of Series 300 stainless steel and use Teflon seals.

.8.6.7 Vort ex Sheddi ng Fl owret er

Vortex Sheddi ng Fl owreter accuracy shall be within +/- 0.8% of the actua
flow The flow neter body shall be made of austenitic stainless steel.
The vortex sheddi ng fl owneter body shall not require renoval fromthe
piping in order to replace the sheddi ng sensor.

.8.6.8 Positive Displacenment Fl ow Meter

The flow neter shall be a direct reading, gerotor, nutating disk or vane
type displ acenent device rated for liquid service as shown. A counter
shal | be nobunted on top of the neter, and shall consist of a non-resettable
nmechani cal totalizer for local reading, and a pulse transmtter for renote
reading. The totalizer shall have a six digit register to indicate the

vol ume passed through the neter in [liters] [gallons], and a sweep-hand
dial to indicate down to 1 liter 0.25 gallons. The pulse transmtter shal
have a hernetically sealed reed switch which is activated by nmagnets fi xed
on gears of the counter. The neter shall have a bronze body with threaded
or flanged connections as required for the application. Qutput accuracy
shall be +/- 2% of the flow range. The nmaxi mum pressure drop at full flow
shall be 34 kPa 5 psig.
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2.8.6.9 Fl ow Meters, Paddle Type

Sensor shall be non-nmagnetic, with forward curved inpeller blades designed
for water containing debris. Sensor accuracy shall be +/- 2% of rate of
flow, mnimmoperating flow velocity shall be 0.3 neters/second 1 foot per
second. Sensor repeatability and linearity shall be +/- 1% Materials
which will be wetted shall be made from non-corrosive materials and shal

not contaminate water. The sensor shall be rated for installation in pipes
of 76 mmto 1 m 3 to 40 inch dianeters. The transmitter housing shall be a
NENVA 250 Type 4 encl osure.

.8.6.10 Fl ow Swi tch

Fl ow switch shall have a repetitive accuracy of +/- 10% of actual flow
setting. Switch actuation shall be adjustable over the operating flow
range. The switch shall have Form C snap-action contacts, rated for the
application. The flow switch shall have non flexible paddle with
magnetically actuated contacts and be rated for service at a pressure
greater than the installed conditions. Flow switch for use in sewage
system shall be rated for use in corrosive environments encountered.

.8.6.11 Gas Uility Flow Meter

Gas utility flow neter shall be diaphragmor bellows type (gas positive

di spl acenment neters) for flows up to 19.7 L/sec 2500 SCFH and axial flow
turbine type for flows above 19.7 L/sec 2500 SCFH, designed specifically
for natural gas supply metering, and rated for the pressure, tenperature,
and flow rates of the installation. Mter shall have a m ni mum turndown
ratio of 10 to 1 with an accuracy of +/- 1% of actual flowrate. The neter
i ndex shall include a direct reading nechanical totalizing register and
electrical inpulse dry contact output for renote nmonitoring. For gas flows
of less than 45 cubic-neters/second 1500 cubic-feet/second, the electrica

i mpul se dry contact output shall provide not less than 1 pul se per 3 cubic
neters 100 cubic feet of gas and shall not exceed 15 pul ses per second for
the installed application. For gas flows 45 cubic-neters/second 1500

cubi c-feet/second or greater, the pulse rate shall not be the greatest

pul se-rate availabl e but not to exceed 15 pul ses per second for the
installed application. The electrical inmpulse dry contact output shall not
require field adjustnent or calibration.

.8.7 El ectrical Instruments

El ectrical Instruments shall have an input range as shown or sized for the
application. Unless otherw se specified, AC instrunentation shall be
suitable for 60 Hz operation.

.8.7.1 Watt or Watthour Transducers

Watt transducers shall neasure voltage and current and shall output kW
kWwh, or kWand kW as shown. kW outputs shall have an accuracy of +/ -
0.25% over a power factor range of 0.1 to 1. kW outputs shall be a pul se
out put and shall have an accuracy of +/- 0.5%over a power factor range of
0.1to 1.

2.8.7.2 Watt hour Revenue Meter (with and wi thout Demand Regi ster)
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NOTE: The intent of including neters in this
Section is for energy nonitoring as nmay be required
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for interface to a UMCS. Meters are typically only
required by this Section for retrofit applications.
Coordi nation of meter installation and neter
requirenents with other specifications nay be
required.

Sel ect the revenue neter accuracy as required for
the application. For nost applications, the 0.5
accuracy class should be suitable/sufficient. (Note
the 0.5 accuracy class allows a 0.5%error, while
the 0.2 class allows 0.2%.
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Al Watthour revenue neters shall neasure voltage and current and shall be
in accordance with NEVA C12.1 with an NEMA C12.20 Accuracy class of [0.5]
[0.2] and shall have pulse initiators for renote nonitoring of Watthour
consunption. Pulse initiators shall consist of formC contacts with a
current rating not to exceed two anperes and voltage not to exceed 500 V,
wi th conbi nati ons of VA not to exceed 100 VA, and a life rating of one
billion operations. Meter sockets shall be in accordance with NEVA C12. 10.
WAt t hour revenue meters with demand regi sters shall have an anal og out put
for instantaneous demand in addition to the pulse initiators.

.8.7.3 Current Transducers

Rk Rk kIR Rk S S O e S S S AR Rk R O R Rk Ik kS I O R SRR o

NOTE: Select the required accuracy for current
transducers. Note that higher accuracy transducers
will be nore expensive and will likely require a
nore expensive/ better quality controller
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Current transducers shall accept an AC current input and shall have an
accuracy of +/- [0.5] [2]%of full scale. An integral power supply shal
be provided if required for the anal og output signal. The device shal
have a neans for calibration.

.8.7.4 Current Sensing Rel ays (CSRs)

Current sensing relays (CSRs) shall provide a nornally-open contact with a
vol tage and anperage rating greater than its connected | oad. Current
sensing relays shall be of split-core design. The CSR shall be rated for
operation at 200% of the connected |oad. Voltage isolation shall be a

m ni mrum of 600 volts. The CSR shall auto-calibrate to the connected | oad.

.8.7.5 Vol t age Transducers

Vol t age transducers shall accept an AC voltage i nput and have an accuracy
of +/- 0.25%of full scale. An integral power supply shall be provided if
required for the anal og output signal. The device shall have a neans for
calibration. Line side fuses for transducer protection shall be provided.

.8.8 pH Sensor

The sensor shall be suitable for applications and chemi cals encountered in
wat er treatnent systens of boilers, chillers and condenser water systens.
Construction, wiring, fittings and accessories shall be corrosion and
chem cal resistant with fittings for tank or suspension installation.
Housi ng shall be polyvinylidene fluoride with Orings nade of chenica

SECTION 23 09 23 Page 37



resistant materials which do not corrode or deteriorate w th extended
exposure to chem cals. The sensor shall be encapsul ated. Periodic

repl acenent shall not be required for continued sensor operation. Sensors
shal |l use a ceramic junction and pH sensitive glass nenbrane capabl e of

wi t hstandi ng a pressure of 689 kPa at 66 degrees C 100 psig at 150 degrees F.
The reference cell shall be double junction configuration. Sensor range
shall be 0 to 12 pH, stability 0.05, sensitivity 0.02, and repeatability of
+/- 0.05 pH val ue, response of 90% of full scale in one second and a
linearity of 99% of theoretical electrode output neasured at 24 degrees C

76 degrees F.

2.8.9 Oxygen Anal yzer

Oxygen anal yzer shall consist of a zirconium oxi de sensor for continuous
sampling and an air-powered aspirator to draw flue gas samples. The

anal yzer shall be equipped with filters to renove flue air particles.
Sensor probe tenperature rating shall be 435 degrees C 815 degrees F. The
sensor assenbly shall be equi pped for flue flange nmounting.

2.8.10 Car bon Monoxi de Anal yzer
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NOTE: Enter the range for the CO Anal yzer
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Car bon nonoxi de anal yzer shall consist of an infrared |ight source in a
weat her proof steel enclosure for duct or stack mounting. An optica
detector/analyzer in a simlar enclosure, suitable for duct or stack
nounting shall be provided. Both assenblies shall include internal bl ower
systens to keep optical wi ndows free of dust and ash at all tinmes. The
third conponent of the analyzer shall be the el ectronics cabinet.
Automatic flue gas tenperature conpensati on and manual /automati c zeroi ng
devi ces shall be provided. Unit shall read parts per mllion (ppm of
carbon nonoxide in the range of | ] to | ] ppm and the response
time shall be |l ess than 3 seconds to 90% value. Unit neasurenent range
shal | not exceed specified range by nore that 50% Repeatability shall be
+/- 2%of full scale with an accuracy of +/- 3% of full scale.

2.8.11 Cccupancy Sensors
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NOTE: Avoid using occupancy sensors with instant
start fluorescent ballasts for instant start of

| anps because they shorten the lanp life. Use only
rapid start fluorescent ballasts.

Show whi ch type of occupancy sensor to use

drawi ngs: U trasonic sensors are best suited for
spaces with partitions or dividers; Infrared sensors
are best suited in line-of-sight applications.

Show occupancy sensor nounting | ocation on
drawings. O fice furniture is less likely to
interfere with (block) ceiling nounted sensors. In
retrofit applications, occupancy sensors can be
installed in place of existing Iight switches.

Dual -t echnol ogy sensors (one sensor incorporating
both types) ordinarily turn |lighting ON when both
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t echnol ogi es sense occupancy. Then, detection by
either technology will hold Iighting ON
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Qccupancy sensors shall have occupancy-sensing sensitivity adjustnment and
an adjustable off-delay tinmer with a range enconpassi ng 30 seconds to 15
m nutes. COccupancy sensors shall be rated for operation in anbient air
tenperatures ranging fronm 10 to 40 degrees C 50 to 104 degrees F or
tenmperatures nornmally encountered in the installed | ocation. Sensors
integral to wall nount on-off |ight switches shall have an auto-off
switch. Wall switch sensors shall be decorator style and shall fit behind
a standard decorator type wall plate. Al occupancy sensors, power packs,
and sl ave packs shall be UL listed. |In addition to any outputs required
for lighting control, the occupancy sensor shall provide a contact out put
rated at 1A at 24 Vac or a SNVT out put.

2.8.11.1 Passive Infrared (PIR) Cccupancy Sensors

PI R occupancy sensors shall have a multi-level, multi-segnented view ng

| ens and a conical field of vieww th a view ng angle of 180 degrees and a
detection of at least 6 neters 20 feet unl ess otherw se shown or

specified. PIR Sensors shall provide field-adjustable background
light-1evel adjustnent with an adjustnment range suitable to the light |eve
in the sensed area, roomor space. PIR sensors shall be inmune to false
triggering fromRFI and EM.

2.8.11.2 U trasoni ¢ Occupancy Sensors

U trasonic sensors shall operate at a mnimumfrequency 32 kHz and shall be
designed to not interfere with hearing aids.

2.8.11.3 Dual - Technol ogy Occupancy Sensor (PIR and U trasonic)

Dual - Technol ogy Occupancy Sensors shall neet the requirenents of both PIR
and U trasoni ¢ Qccupancy Sensors.

2.8.12 Vi bration Switch

Vi bration switch shall be solid state, enclosed in a NEVA 250 Type 4 or
Type 4X housing with sealed wire entry. Unit shall have two i ndependent
sets of Form C switch contacts with one set to shutdown equi pnent upon
excessive vibration and a second set for nmonitoring alarmlevel vibration.
The vibration sensing range shall be a true rns reading, suitable for the
application. The unit shall include either displacenment response for |ow
speed or velocity response for high speed application. The frequency range
shall be at least 2 Hz to 200 Hz. Contact tine delay shall be 3 seconds.
The unit shall have independent start-up and running delay on each swtch
contact. Alarmlinmts shall be adjustable and setpoint accuracy shall be
+/- 10% of setting with repeatability of plus or minus 2%

2.8.13 Conductivity Sensor
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NOTE: Renove the bracketed text for new
construction (Contractor cannot neet this
requirenent). For retrofit projects, coordinate
with the project site to determine need for this
anal ysi s.
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Sensor shall include Iocal indicating neter and shall be suitable for
measur ement of conductivity of water in boilers, chilled water systens,
condenser water systens, distillation systens, or potable water systens as
shown. Sensor shall sense fromO to 10 m croSei nens per centineter (uS/cm
for distillation systens, 0 to 100 uS/cmfor boiler, chilled water, and

pot abl e water systens and 0 to 1000 uS/cm for condenser water systens.
Contractor shall field verify the ranges for particular applications and
adjust the range as required.[ Contractor shall submt a conplete water
quality analysis of a sanple of the process to be nonitored with the
submittal of the sensor manufacturer's catalog data.] The output shall be
tenmperature conpensated over a range of 0 to 100 degrees C 32 to 212
degrees F. The accuracy shall be +/- 2% of the full scale reading. Sensor
shal | have automatic zeroing and shall require no periodic maintenance or
recal i brati on.

.8.14 Conpressed Air Dew Point Sensor

Sensor shall be suitable for nmeasurement of dew point from -40 to plus 27
degrees C -40 to plus 80 degrees F over a pressure range of 0 to 1 MPa 0 to
150 psig. The transmitter shall provide both dry bulb and dew point
tenmperatures on separate outputs. The end to end accuracy of the dew point
shall be +/- 2.8 degrees C 5 degrees F and the dry bulb shall be +/- 0.6
degrees C 1 degree F. Sensor shall be automatic zeroing and shall require
no normal mai ntenance or periodic recalibration.

.8.15 NOx Mbni t or

Moni tor shall continuously nonitor and give |ocal indication of boiler
stack gas for NOx content. It shall be a conplete system designed to
verify conpliance with the Cean Air Act standards for NOx normalized to a
3% oxygen basis and shall have a range of fromO to 100 ppm Sensor shal
be accurate to +/- 5 ppm Sensor shall output NOx and oxygen | evels and
bi nary output that changes state when the NOx | evel is above a locally

adj ustabl e NOx setpoint. Sensor shall have normal, trouble and al arm
lights. Sensor shall have heat traced lines if the stack pickup is renote
fromthe sensor. Sensor shall be conplete with automatic zero and span
calibration using a tined calibration gas system and shall not require
peri odi ¢ mai nt enance or recalibration.

.8.16 Turbidity Sensor

Sensor shall include a local indicating nmeter and shall be suitable for
nmeasurenment of turbidity of water. Sensor shall sense fromO to 1000
Nephel ometric Turbidity Units (NTU). Range shall be field-verified for the
particul ar application and adjusted as required. The output shall be
tenmperature conpensated over a range of 0 to 100 degrees C 0 to 212 degrees
F. The accuracy shall be +/- 5% of full scale reading. Sensor shall have
automatic zeroing and shall not require periodic nmaintenance or
recal i brati on.

.8.17 Chl ori ne Detector

The detector shall neasure concentrations of chlorine in water in the range
0 to 20 ppmwith a repeatability of +/- 1% of full scale and an accuracy of
+/- 2% of full scale. The Chlorine Detector transmitter shall be housed in
a non-corrosive NEVA 250 Type 4X enclosure. Detector shall include a |oca
panel with adjustable alarmtrip level, local audio and visual alarmwth
silence function.
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2.8.18 Fl oor Mounted Leak Detector

Leak detectors shall use el ectrodes nounted at slab level with a m nimm
built-in-vertical adjustnment of 3 mmr 0.125 inches. Detector shall have a
bi nary output. The indicator shall be manual reset type.

.8.19 Tenmperature Switch
.8.19.1 Duct Mount Tenperature Low Limt Safety Switch (Freezestat)

Duct nount tenperature low limt switches (Freezestats) shall be nanua
reset, low tenperature safety switches with a mnimum el enent | ength of 3
m square neter 1 foot/square-foot of coverage which shall respond to the
col dest 450 mr 18 inch segnment with an accuracy of +/- 2 degrees C 3.6
degrees F. The switch shall have a field-adjustable setpoint with a range
of at least -1 to plus 10 degrees C 30 to 50 degrees F. The switch shal
have two sets of contacts, and each contact shall have a rating greater
than its connected | oad. Contacts shall open or close upon drop of
tenperat ure bel ow setpoint as shown and shall remain in this state unti
reset.

.8.19.2 Pi pe Mount Tenperature Limt Switch (Aquastat)

Pi pe nount tenperature limt switches (aquastats) shall have a field

adj ust abl e setpoi nt between 15 and 32 degrees C 60 and 90 degrees F, an
accuracy of +/- 2 degrees C 3.6 degrees F and a 5 degrees C 10 degrees F
fi xed deadband. The switch shall have two sets of contacts, and each
contact shall have a rating greater than its connected |oad. Contacts
shal | open or cl ose upon change of tenperature above or bel ow setpoint as
shown.

.8.20 Danper End Switches
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NOTE: |f the HVAC system design includes snoke
danpers in the return air and fan di scharge, or

ot her danpers requiring end switches, show the end
swi tches on draw ngs.
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Each end switch shall be a hernetically sealed switch with a trip | ever and
over-travel mechanism The switch enclosure shall be suitable for mounting
on the duct exterior and shall permt setting the position of the trip

| ever that actuates the switch. The trip Iever shall be aligned with the
danper bl ade.

.9 | NDI CATI NG DEVI CES

Al'l indicating devices shall display readings in [netric (SI)][English
(i nch-pound)] units.

.9.1 Ther monet er s
Thernoneters shall not contain mercury. Unless otherw se specified,
thermoneters shall have an accuracy of +/- 3% of scale range. Thernoneters

shal | have a range suitable for the application with an upper end of the
range not to exceed 150% of the design upper limt.
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2.9.1.1 Pi pi ng System Ther nonet ers

Pi pi ng system thernonmeters shall have brass, malleable iron or alum num
all oy case and frane, clear protective face, pernanently stabilized gl ass
tube with indicating-fluid colum, white face, black nunbers, and a 230 mr
9 inch scale. Piping systemthernoneters shall have an accuracy of +/- 1%
of scale range. Thernoneters for piping systens shall have rigid stens
with straight, angular, or inclined pattern. Thernoneter stens shall have
expansi on heads as required to prevent breakage at extrene tenperatures.

On rigid-stemthernoneters, the space between bulb and stemshall be filled
with a heat-transfer nedi um

2.9.1.2 Ai r-Duct Thernoneters

Air-duct thernonmeters shall have perforated stem guards and 45-degree
adj ustabl e duct flanges with | ocking mechani sm

2.9.2 Pressure Gauges

Gauges shall be suitable for field or panel nounting as required, shal

have bl ack | egend on white background, and shall have a pointer traveling
through a 270-degree arc. Gauge range shall be suitable for the
application with an upper end of the range not to exceed 150% of the design
upper limt. Accuracy shall be +/- 3%of scale range. Gauges shall neet
requi rements of ASME B40. 100.

2.9.3 Low Differential Pressure Gauges

Gauges for low differential pressure neasurenments shall be a m ni mrum of 90
nr 3.5 inch (nomnal) size with two sets of pressure taps, and shall have a
di aphragm actuated pointer, white dial with black figures, and pointer zero
adjustment. Gauge range shall be suitable for the application with an
upper end of the range not to exceed 150% of the design upper limt.
Accuracy shall be plus or mnus two percent of scale range.

2.10 QUTPUT DEVI CES

Qut put Devices with SNVT input are ASCs and shall mneet all ASC requirenents
in addition to the output device requirenments. (Note: ASCs are specified
in paragraph DIRECT DI A TAL CONTROL (DDC) HARDWARE. )

2.10.1 Actuators
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NOTE: Include the appropriate bracketed text if
pneumati c actuators are used.

Edit the control Schenatic drawing to show electric
and/ or pneumatic actuators along with their failsafe
positions (NO, NC, or fail-in-last-position

(FILP)). See the UFC for design gui dance on
choosi ng actuator fail-to positions.

Include the bracketed text if using electric
actuator position feedback. This should be linited
to primary equi pnent, such as built-up air

handl ers. Show this feedback signal on the contro
schematic drawi ngs or specifically state where this
requi renent applies. Add the actuator position to
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the Points Schedule as a network vari abl e avail abl e
to be nonitored by the UMCS (present or future).
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Actuators shall be electric (electronic) [or pneurmatic as shown]. All
actuators shall be nornmally open (NO, normally closed (NC) or
fail-in-last-position (FILP) as showmn. Normally open and nornally cl osed
actuators shall be of nechanical spring return type. Electric actuators
shal | have an el ectronic cut off or other means to provide burnout
protection if stalled. Actuators shall have a visible position indicator.
[Electric actuators shall provide position feedback to the controller as
shown.] Actuators shall snoothly open or close the devices to which they
are applied. Pneumatic actuators shall have a full stroke response tine
mat chi ng the connected El ectric to Pneumatic Transducer (EP). Electric
actuators shall have a full stroke response tine in both directions of 90
seconds or less at rated load. Electric actuators shall be of the
foot-nmounted type with an oil-i mersed gear train or the direct-coupled
type. Wiere nultiple electric actuators operate froma conmon signal, the
actuators shall provide an output signal identical to its input signhal to
the additional devices. [Pneumatic actuators shall be rated for 172 kPa 25
psi operating pressure except for high-pressure cylinder-type actuators.]

2.10.1.1 Val ve Actuators
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NOTE: Indicate in the Valve Schedul e a cl ose-off
pressure that is 150% of the punp dead head pressure
for 2-way val ves and 200% of the valve differential
pressure for 3-way val ves, or equival ent torque

val ues.
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Val ve actuators shall provide shutoff pressures and torques as shown on the
Val ve Schedul e.

2.10.1.2 Danmper Actuators

Danper actuators shall provide the torque necessary per damper

manuf acturer's instructions to nodul ate the danpers smoothly over its ful
range of operation and torque shall be at least 7 Nnmi0.93 square m 6

i nch-pounds/ 1 square foot of danper area for opposed bl ade danpers and 1
Nnf 0. 93 square nm 9 inch-pounds/1 square foot of danper area for parallel

bl ade danpers.

2.10.1.3 Positive Positioners
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NOTE: Only larger valves and actuators or where

hi gh- speed actuation is needed nay require positive
positioners. Edit the drawings to show positive
positioners when they are required. The typica
drawi ngs do not show require them due to naintenance
requi renents for these devices. See UFC 3-410-02A
for nmore information.
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Positive positioners shall be a pneumatic relay with a nechani cal position
f eedback mechani sm and an adj ustabl e operating range and starting point.
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2.10.2 Sol enoi d- Operated Electric to Pneurmatic Switch (EPS)

Sol enoi d- Operated Electric to Pneumatic Switches (EPS) shall accept a
voltage input to actuate its air valve. Each valve shall have three-port
operation: common, nornally open, and normally closed. Each valve shal
have an outer cast al um num body and internal parts of brass, bronze, or
stainless steel. The air connection shall be a 10 mr 0.38 inch NPT
threaded connection. Valves shall be rated for 345 kPa 50 psig.

2.10.3 Electric to Pneumatic Transducers (EP)
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NOTE: Depending on the application, the designer
may choose to select an EP and actuator conbination
to operate over the full range in |less than 90
seconds.
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El ectric to Pneumatic Transducers (EPs) shall convert either a 4-20 mAdc

i nput signal, a 0-10 Vdc input signal, or SNVT input to a 21-103 kPa 3-15
psi g pneumatic output with a conversion accuracy of +/- 2% of full scale,
including linearity and hysteresis. The EP shall w thstand pressures at

| east 150% of the systemsupply air pressure (main air). EPs shall include
i ndependent offset and span adjustnent. Air consunption shall not be
greater than 0.024 L/s 0.05 scfm. EPs shall have a manual adjustable
override for the EP pneumatic output. EPs shall have sufficient output
capacity to provide full range stroke of the actuated device in both
directions within [90][ ] seconds.

2.10.4 Rel ays

Control relay contacts shall have utilization category and ratings sel ected
for the application, with a mninumof tw sets of contacts enclosed in a
dust proof enclosure. Each set of contacts shall incorporate a normally
open (NO, nornally closed (NC) and comon contact. Relays shall be rated
for a mMmnimumlife of one mllion operations. Operating tinme shall be 20
mlliseconds or less. Relays shall be equipped with coil transient
suppression devices to limt transients to 150% of rated coil voltage.

2.11 USER | NPUT DEVI CES

User | nput Devices, including potentioneters, switches and nonentary
contact push-buttons with SNVT output are Application Specific Controllers
(ASCs) and shall neet all ASC requirements. (Note: ASCs are specified in
par agr aph DI RECT DI G TAL CONTROL (DDC) HARDWARE). Potentioneters shall be
of the thunb wheel or sliding bar type. Monentary Contact Push-Buttons may
include an adjustable tinmer for their output. User input devices shall be
| abel ed for their function.

2.12 MULTI FUNCTI ON DEVI CES

Mul tifunction devices are products which conbine the functions of nultiple
sensor, user input or output devices into a single product. Unless

ot herwi se specified, the multifunction device shall neet all requirenents
of each conponent device. Were the requirenents for the conmponent devices
conflict, the nultifunction device shall meet the nost stringent of the
requirenents.
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2.12.1 Current Sensing Relay Command Switch

The Current Sensing Relay portion shall neet all requirenents of the
Current Sensing Relay input device. The Command Switch portion shall neet
all requirenents of the Relay output device except that it shall have at

| east one nornally-open (NO contact.

2.12.2 Ther nost at s

Thernostats shall be multifunction devices incorporating a tenperature
sensor and a tenperature indicating device. Thernostats shall not contain
nercury (Hg). In addition, the thernostat shall have the follow ng as
speci fied and shown:

a. A User Input Device which shall adjust a tenperature setpoint output.

b. A User Input Monentary Contact Button and an output indicating zone
occupancy.

c. A three position User Input Switch | abeled to indicate heating, cooling
and off positions ('HEAT-COOL- OFF switch) and providi ng correspondi ng
out put s.

d. A two position User Input Switch labeled with ' AUTO and 'ON positions
and providing correspondi ng out puts.

e. A mlti-position User Input Switch with 'OFF and at |east tw fan
speed positions and providing correspondi ng outputs.

2.13 COVPRESSED Al R STATI ONS
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NOTE: The designer will estinmate the required
control air consunption to calculate the required
not or horsepower of the control air conpressor and
coordinate with the el ectrical designer

For hospitals and critical installations, a standby
conpressor will be provided. For all other
applications, the portion covering standby
conpressor will be deleted. For hospitals, delete
the Contractor option pernitting the use of

pol yet hyl ene tubing in |ieu of copper

I ndicate on the drawi ngs the | ocations where
metallic raceway or electric netallic tubing is not
required for protection of nonnetallic tubing.
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2.13.1 Air Conpressor Assenbly

The air conpressor shall be a high pressure conpressing unit with electric
notor. The conpressor shall be equipped with a notor with totally encl osed
belt guard, an operating-pressure switch, safety relief valves, gauges,
intake filter and intake silencer, and conbinati on type magnetic starter
wi t h undervol tage protection and thernmal -overl oad protection for each
phase, and shall be supported by a steel base nounted on an air storage
tank. The air conpressor shall provide the conpressed air required for
control operation while operating not nore than one-third of the tine. The
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air storage tank shall be fabricated for a working pressure of not |ess than
1380 kPa 200 psi and constructed and certified in accordance with
ASME BPVC SEC VIl D1. The tank shall be of sufficient volune so that no
nore than six conpressor starts per hour are required with the starting
pressure switch differential set at 140 kPa 20 psi. The tank shall be
provided with an automatic condensate drain trap with nanual override
feature. [A second (duplex arrangement) conpressor of capacity equal to
the primary conpressor shall be provided, with interlocked control to
provi de automatic changeover upon mal function or failure of either
conpressor. A manual selector switch shall be provided to index the | ead
conpressor including the automati ¢ changeover. ]

.13.2 Conpressed Air Station Specialties
.13.2.1 Refrigerated Dryer, Filters and, Pressure Regul ator

A refrigerated dryer shall be provided in the air outlet line of the air
storage tank. The dryer shall be of the size required for the ful

delivery capacity of the compressor. The air shall be dried at a pressure
of not | ess than 483 kPa 70 psi to a tenperature not greater than 2 degrees
C 35 degrees F. The dryer shall be provided with an automatic condensate
drain trap with manual override feature. The automatic drain trap shal
have an adjustable cycle and drain tinme. The refrigerant used in the dryer
shal | be one of the fluorocarbon gases and have an Ozone Depl etion
Potential of not more than 0.05. A five micron pre-filter and

coal escing-type 0.03 micron oil renmoval filter with shut-off val ves shal

be provided in the dryer discharge. Each filter bow shall be rated for
1034 kPa 150 psi maxi num wor ki ng pressure. A pressure regulator, with high
side and | ow side pressure gauges, and a safety valve shall be provided
downstream of the filter. Pressure regulators of the relieving type shal
not be used.

.13.2.2 Fl exi bl e Pi pe Connecti ons

The flexi bl e pipe connections shall be designed for 1034 kPa and 120
degrees C 150 psi and 250 degrees F service, and shall be constructed of
rubber or tetrafluoroethylene resin tubing with a reinforcing protective
cover of braided corrosion-resistant steel, bronze, nonel, or gal vani zed
steel. The connectors shall be suitable for the service intended and shal
have t hreaded or sol dered ends. The length of the connectors shall be as
recommended by the manufacturer for the service intended.

.13.2.3 Vi bration Isolation Units

The vibration isolation units shall be standard products wth published

| oadi ng ratings, and shall be single rubber-in-shear, double

rubber-in-shear, or spring type.

.14 DI RECT DI G TAL CONTROL (DDC) HARDWARE

.14.1 CGeneral Requirenents

Al'l DDC Hardware shall neet the followi ng requirenents:

a. It shall incorporate a "service pin" which, when pressed will cause the
DDC Hardware to broadcast its 48-bit NodelD and its Program D over the

network. The service pin shall be distinguishable and accessi bl e.

b. It shall incorporate a light to indicate the device is receiving power.

SECTION 23 09 23 Page 46



c. It shall incorporate a TP/ FT-10 transceiver in accordance w th CEA-709.3
and connections for TP/FT-10 control network wiring. It shall not
have connections to any ot her network medi a type.

d. It shall conmunicate on the network using only the CEA-709. 1B protocol

Rk Rk kR IR R R I kO ke S O R AR Rk R R R Rk O ok O I R R I O I b R R o

NOTE: FYl, a link powered device gets it's power
fromthe communi cation cable as opposed to froma
separate power source
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e. It shall be locally powered; |ink powered devices are not acceptable.

f. LonMark external interface files (XIF files), as defined in the
LonVark XIF CGuide, shall be submitted for each type of DDC Hardware.

g. Application prograns and configuration settings shall be stored in a
manner such that a | oss of power does not result in a loss of the
application program or configuration settings.

h. It shall have all functionality specified and required to support the
application (Sequence of Operation or portion thereof) in whichit is
used, including but not linited to:

(1) It shall provide input and out put SNVTs as specified and required
to support the sequence and application in which it is used.

(2) It shall be configurable via standard or user-defined
configuration parameters (SCPT or UCPT), SNVT network
configuration inputs (nci), or hardware settings on the controller
itself as specified and as required to support the sequence and
application in which it is used.

i. It shall neet 47 CFR 15 requirenments and have UL 916 or equival ent
safety listing.

2.14.2 Har dwar e | nput-Qutput (1/0O Functions

DDC Har dwar e incorporating hardware input-output (1/0 functions shall neet
the follow ng requirenents

a. Analog Inputs: DDC Hardware anal og i nputs (Al's) shall performanalog to
digital (A-to-D) conversion with a m nimumresolution of 8 bits plus
sign or better as needed to neet the accuracy requirenents specified in
par agr aph | NPUT MEASUREMENT ACCURACY. Signal conditioning including
transient rejection shall be provided for each anal og i nput. Anal og
i nputs shall be capable of being individually calibrated for zero and
span. The Al shall incorporate comon node noise rejection of at |east
50 dB fromO to 100 Hz for differential inputs, and norrmal nobde noi se
rejection of at least 20 dB at 60 Hz from a source inpedance of 10, 000
ohms.

b. Anal og Qutputs: DDC Hardware anal og out puts (AGCs) shall performdigita
to analog (D-to-A) conversion with a mnimmresolution of 8 bits plus
sign, and output a signal with a range of 4-20 mAdc or 0-10 Vdc.
Anal og out puts shall be capable of being individually calibrated for
zero and span
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c. Binary Inputs: DDC Hardware binary inputs (BIs) shall accept contact
cl osures and shall ignore transients of less than 5 mlli-second
duration. |Isolation and protection agai nst an applied steady-state
voltage up to 180 Vac peak shall be provided.

d. Binary Qutputs: DDC Hardware binary outputs (BGs) shall provide relay
contact closures or triac outputs for nomentary and mai ntai ned
operation of output devices.

(1) Relay Contact O osures: Cosures shall have a m ni nrum duration of
0.1 second. Relays shall provide at |east 180V of isolation
El ectromagnetic interference suppression shall be provided on al
output lines to limt transients to non-danmaging |evels. M ninum
contact rating shall be one anpere at 24 Vac.

(2) Triac outputs: Triac outputs shall provide at |east 180 V of
i sol ation.

e. Pulse Accunul ator: DDC Hardware pul se accunul ators shall have the sane
characteristics as the Bl. 1In addition, a buffer shall be provided to
totalize pul ses. The pul se accunul ator shall accept rates of at |east
20 pul ses per second. The totalized value shall be reset to zero upon
operator's command.

2.14.3 Application Specific Controller (ASC

Application Specific Controllers (ASCs) have a fixed factory-installed
application program (i.e. Program D) with configurable settings. ASCs
shall neet the following requirenents in addition to the General DDC
Har dwar e and DDC Hardware | nput-Qutput (1/0 Function requirenents:

a. ASCs shall be LonMark Certified.

b. Unl ess otherw se approved, all necessary Configuration Paraneters and
network configuration inputs (ncis) for the sequence and application in
which the ASC is used shall be fully configurable through an LNS plug-in
This plug-in shall be subnmitted as specified for each type of ASC
(manuf acturer and nodel). (Note: configuration acconplished via
hardware settings does not require configuration via plug-in)

c. Local Display Panel (LDP): The Local Display Panel shall be an
Application Specific Controller (ASC) with a display and navigation
buttons. It shall provide display and adjustment of SNVT inputs and
SNVT out puts as shown.

2.14. 4 CGeneral Purpose Programmabl e Controller (GPPC)

A General Purpose Programmuable Controller (GPPC) is not installed with a

fixed factory-installed application program GPPCs shall neet the

followi ng requirements in addition to the general DDC Hardware requirenments
and Hardware | nput-Qutput (I/0O Function

a. The programmed GPPC shall conformto the LonMark |Interoperability Guide.

b. Al programm ng software required to programthe GPPC shall be
delivered to and licensed to the project site as specified.

c. Copies of the installed GPPC application prograns as source code
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conpatible with the supplied programr ng software shall be submitted as
specified. The submitted GPPC application program shall be the

conpl ete application necessary for the GPPC to function as installed
and be sufficient to allow replacenent of the installed controller with
a GPPC of the sane type

PART 3 EXECUTI ON

3.1 EXI STI NG CONDI TI ONS SURVEY
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NOTE: Use the bracketed text for retrofit projects
only.
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The Contractor shall performa field survey, including testing and

i nspection of the equi pnent to be controlled and submit an Existing

Condi tions Report docunenting the current status and it's inpact on the
Contractor's ability to neet this specification. For those itens

consi dered nonfunctional, the Contractor shall provide (with the report)
specification sheets, or witten functional requirenents to support the
findings and the estimted costs to correct the deficiencies. As part of
the report, the Contractor shall define the schedul ed need date for
connection to existing equipnment.[ The Contractor shall nmake witten
requests and obtain Governnent approval prior to disconnecting any controls
and obt ai ni ng equi prrent downtine. Existing devices which are not to be
repl aced shall be inspected, calibrated, and adjusted as necessary to place
themin proper working order.]

3.2 CONTROL SYSTEM | NSTALLATI ON
3.2.1 Ceneral Installation Requirenents
3.2.1.1 HVAC Control System

The HVAC control systemshall be conpletely installed, tested and ready for
operation. Dielectric isolation shall be provided where dissinilar netals
are used for connection and support. Penetrations through and mounti ng
holes in the building exterior shall be nmade watertight. The HVAC contro
systeminstallation shall provide clearance for control system mai ntenance
by nai ntai ni ng access space required to calibrate, renove, repair, or

repl ace control system devices. The control systeminstallation shall not
interfere with the clearance requirenents for nechanical and electrica

syst em mai nt enance.

3.2.1.2 Device Mounting Criteria

Al'l devices shall be installed in accordance with manufacturer's
recomendati ons and as specified and showmn. Control devices to be
installed in piping and ductwork shall be provided with required gaskets,

fl anges, thermal conpounds, insulation, piping, fittings, and manual val ves
for shutoff, equalization, purging, and calibration. Strap-on tenperature
sensing el enents shall not be used except as specified. Spare thernmowells
shall be installed adjacent to each thernowel| containing a sensor and as
shown. Devices |ocated outdoors shall have a weat hershi el d.

3.2.1.3 Label s and Tags

Label s and tags shall be keyed to the unique identifiers shown on the
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3.

As-Built drawings. Al Enclosures and DDC Hardware shall be | abeled. Al
sensors and actuators in nechani cal roonms shall be tagged. Airflow

nmeasur ement arrays shall be tagged to show flow rate range for signa

out put range, duct size, and pitot tube AFMA flow coefficient. Duct static
pressure taps shall be tagged at the location of the pressure tap. Tags
shal |l be plastic or metal and shall be nechanically attached directly to
each device or attached by a nmetal chain or wire. Labels exterior to
protective encl osures shall be engraved plastic and mechanically attached
to the enclosure or DDC Hardware. Labels inside protective encl osures nay
attached using adhesive, but shall not be hand witten.

. 2.2 DDC Har dwar e
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NOTE: Coordinate with the project site for domain
and subnet values. These values nust be selected so
that there will not be a domain or subnet conflict
when the building is integrated into a UMCS
Cenerally this informati on can be obtained from
whoever nai ntains the UMCS (whoever integrates
bui l di ngs into the UMS).
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DDC Hardware shall be installed in an enclosure. Except for DDC Hardware
used to control Terminal Units, where nultiple pieces of DDC Hardware are
used to execute one sequence all DDC Hardware executing that sequence shal
be on a common | ocal control bus and isolated fromall other DDC Hardware
via an CEA-709. 1B Router or CEA-709.3 Repeater. Al DDC Hardware installed
shal | have an CEA-709. 1B donmain of | ] and a subnet between |

. 2.3 Local Display Panel (LDP)
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NOTE: Designer nust indicate on each Points
Schedul e which points, if any, are to be displayed
or adjustable froman LDP

Desi gner should coordinate with the project site to
det erm ne nunber and | ocation of LDPs needed and
show on themon the drawings. Due to limtations of
LDPs, the project site may opt to not specify LDPs
and use a | aptop instead.

Rk Ik kR IR R R O kO e O O I A Rk R R O Rk Ik I kS O O R R o

Local Display Panels shall be installed [in each nechanical room containing
an air handler][__ ] and shall provide SNVT inputs for display and
outputs for adjusting SNVT val ues as shown on the Points Schedul e.

2.4 Gat eways
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NOTE: The intent of this is to allow the use of
gat eways to packaged equi pnent controllers, not to
allow the installation of a non-ANSI 709.1 network
connected to a 15951 ANSI 709.1 network via a

gat enay.
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Gat eways may be used for comuni cati on with non- CEA-709. 1B control hardware
subject to all of the following limtations:

a. Each gateway shall communicate with and perform protocol translation
for non-CEA-709. 1B control hardware controlling one and only one
package unit.

b. Non- CEA-709. 1B control hardware shall not be used for controlling
built-up units.

c. Non-CEA-709. 1B control hardware shall not perform system scheduling
functi ons.

.2.5 Net work | nterface Jack
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NOTE: Choose the preferred location for network
interface jacks by controllers with thernostats
(coordinate with the project site to deternine
preference of O&M Staff).

Choose the nunber of interface cables to be
furni shed by the Contractor
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A standard network interface jack shall be provided for each node on the
control network. For terminal unit controllers with hardwi red thernostats
this network interface jack shall be located at the thernbstat or within 3 m

10 ft of the controller. Locating the interface jack [at the
thernostat][near the controller] is preferred. For all other nodes the
network interface jack shall be located within 3 nm 10 ft of the node. If
the network interface jack is other than a 3 nr 1/8 inch phone jack, the
Contractor shall provide an interface cable with a standard 3 mr 1/8 inch
phone jack on one end and a connector suitable for mating with installed
network interface jack on the other. No nobre than one type of interface
cable shall be required to access all network interface jacks. Contractor
shall furnish [one][_ ] interface cable(s).

.2.6 Room I nst rument Mounti ng
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NOTE: Wall nounted thernostats and simlar contro
system conponent s contai ni ng user input devices in
ADA conpliant facilities and spaces are required to
be mounted 1.2 neters (48 inches) above the floor
for forward reach and 1.3 neters (54 inches) for
side reach. Note the nounting height and | ocation
for these system conponents on the draw ngs or

revise the follow ng paragraph accordingly.
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Room instruments, including but not limted to wall nounted thernostats and
sensors |located in occupi ed spaces shall be nounted 1.5 nm 60 inches above
the floor unless otherwi se shown. Unless otherwi se shown on the Thernost at
Schedul e:

a. Thernostats for Fan Coil Units shall be unit nopunted.

b. Al other Thernpstats shall be wall nounted.
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3.

3.

2.7 I ndication Devices Installed in Piping and Liquid Systens

Gauges in piping systens subject to pul sation shall have snubbers. Gauges

for steam service shall have pigtail fittings with cock. Thernoneters and

tenmperature sensing elenments installed in liquid systens shall be installed
in thernowells.

2.8 Duct Snpke Detectors
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NOTE: Duct Snpke Detectors are installed by the
fire alarmsystem Contractor. Duct detectors are

i ntended to shut down air distribution fans and

cl ose snoke danpers where applicable. Each detector
nmust be indicated on the schematic and associ ated

| adder di agram

Coordinate with the applicable Section 1385x used
for the fire alarmsysteminstallation, to make sure
that snoke detectors are installed in the proper
location and that all detectors that are to be
interfaced to the DDC system have auxiliary contacts
for this purpose.

In the follow ng paragraph indicate which Section is
used for the installation of the fire alarm system
(and t he duct snoke detectors).
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Duct snoke detectors will be provided in supply and return air ducts in
accordance with [Section 28 31 64.00 10 FI RE DETECTI ON AND ALARM SYSTEM
ADDRESSABLE] [ ]. Contractor shall connect the DDC Systemto the
auxiliary contacts provided on the Snoke Detector as required for system
safeties and to provide alarns to the DDC system

. 2.9 Cccupancy Sensors

A sufficient quantity of occupancy sensors shall be provided to provide
conpl ete coverage of the area (roomor space). Cccupancy sensors shall be
installed in accordance with NFPA 70 requirenments and the manufacturer's
instructions. GCccupancy sensors shall not be |located within 1.8 m 6 feet
of HVAC outlets or heating ducts. PIR and dual -technol ogy PI R ultrasonic
sensors shall not be installed where they can "see" beyond any doorway.

U trasonic sensors shall not be installed in spaces containing ceiling
fans. Sensors shall detect notion to within 0.6 m 2 feet of all room
entrances and shall not trigger due to notion outside the room The
off-delay timer shall be set to [15][_ ] mnutes unl ess otherw se

shown. All sensor adjustnments shall be nade prior to beneficial occupancy,
but after installation of furniture systens, shelving, partitions, etc.
Each controll ed area shall have one hundred percent coverage capabl e of
detecting small hand-notion novenents, accommopdating all occupancy habits
of single or multiple occupants at any location within the controlled room

.2.10 Tenmperature Limt Swtch

A temperature Iimt switch (freezestat) shall be provided to sense the
temperature at the location shown. A sufficient nunber of tenperature
limt switches (freezestats) shall be installed to provide conplete
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coverage of the duct section. Manual reset lint switches shall be
installed in approved, accessible |ocations where they can be reset

easily. The temperature Iimt switch (freezestat) sensing el enent shall be
installed in a serpentine pattern and in accordance with the manufacturer's
installation instructions.

.2.11  Averagi ng Tenperature Sensing El enents

Sensing el ements shall be installed in a serpentine pattern |ocated as
shown.

.2.12 Air Fl ow Measurenent Arrays (AFMY))
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NOTE: Air filters are specified in Section 23 00 00
Al R SUPPLY, DI STRI BUTI ON, VENTI LATI ON AND EXHAUST
SYSTEMS and installed by the Mechani cal Contractor
(not by the controls Contractor under this spec).

If MnOA ducts are not used, do not permt pitot
tube AFMA for OA neasurenent (keep bracketed text).
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Qutside Air AFMAs shall be | ocated downstream fromthe Qutside Air
filters. Pitot Tube AFMA shall not be used if the expected velocity
measurenment is below 3.5 ms 700 fpm [or for outside airflow measurenents].

.2.13 Duct Static Pressure Sensors

The duct static pressure sensing tap shall be located at 75%to 100% of the
di stance between the first and last air termnal units. |If the transmtter
is wired in a homerun configuration to an AHU controller, the transmtter
shall be located in the same enclosure as the air handling unit (AHU)
controller(s) for the AHU serving the termnal units.

.2.14 Rel ative Humi dity Sensors

Rel ative hum dity sensors in supply air ducts shall be installed at |east 3
m 10 feet downstream of humidity injection el enents.

.2.15 Fl ownet er s

The ni ni mum strai ght unobstructed piping for the floweter installation
shal |l be at |east 10 pipe dianmeters upstreamand at |east 5 pipe dianmeters
downstream and i n accordance with the manufacturer's installation

i nstructions.

.2.16 Danmper s

.2.16.1 Damper Actuators

Actuators shall not be nmounted in the air stream Miltiple actuators shal
not be connected to a common drive shaft. Actuators shall be installed so
that their action shall seal the danper to the extent required to naintain
| eakage at or below the specified rate and shall nove the bl ades snoothly.
.2.16.2 Danper Installation

Danpers shall be installed straight and true, level in all planes, and
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square in all dinmensions. Danpers shall nove freely w thout undue stress
due to twi sting, racking (parallel ogrammng), bowi ng, or other installation
error. Blades shall close conmpletely and | eakage shall not exceed that
specified at the rated static pressure. Structural support shall be used
for multi-section danpers. Acceptable nethods include but are not linmted
to U-channel, angle iron, corner angles and bolts, bent gal vani zed stee
stiffeners, sleeve attachnments, braces, and building structure. Were

mul ti-section danpers are installed in ducts or sleeves, they shall not sag
due to lack of support. Jackshafts shall not be used to |link nmore than
three danper sections. Blade to blade |linkages shall not be used. CQutside
and return air danpers shall be installed such that their blades direct
their respective air streans towards each other to provide for naximm

m xi ng of air streans.

3.2.17 Val ves
3.2.17. 1 Bal | Val ves

Two- posi tion (open/closed) ball valves nmay only be used on chilled water,
condenser water, hot water, or steam applications. Mdulating ball valves
may only be used for chilled water and condenser water applications

(rmodul ating ball val ves shall not be used on steam or hot water
applications). |In nodulating applications a characteri zing
equal - percentage di sc shall be used.

3.2.17.2 Butterfly Val ves

In two-way control applications, valve travel shall be limted to 70% (60
degrees) open position.

3.2.18 Local CGauges for Actuators

Pneurmati c actuators shall have an accessible and visible pressure gauge
installed in the tubing lines at the actuator as shown.

3.2.19 Wre and Cabl e
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NOTE: Coordinate with the project site and indicate
whet her all wiring needs to be in raceways or

whet her | owvoltage wiring can be run w thout
raceways

Note that requiring all wiring to be run in raceways
will increase the project cost.
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Wre and Cable shall be installed without splices between control devices
and in accordance with NFPA 70 and NFPA 90A. Instrumentation groundi ng
shall be installed per the device manufacturer's instructions and as
necessary to prevent ground | oops, noise, and surges from adversely

af fecting operation of the system Gound rods installed by the Contractor
shal |l be tested as specified in | EEE Std 142. Cables and conductor wires
shal |l be tagged at both ends, with the identifier shown on the shop

drawi ngs. Electrical work shall be as specified in Section 26 20 00

| NTERI OR DI STRI BUTI ON SYSTEM and as shown. Wring external to encl osures
shall be run [in raceways][as foll ows:

a. Wring other than | owvoltage control and | ow voltage network wring
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shall be installed in raceways.

b. Low voltage control and | owvoltage network wiring not in suspended
ceilings over occupi ed spaces shall be installed in raceways, except
that nonnetal lic-sheathed cables or netallic-arnmored cables may be
installed as permtted by NFPA 70.

c. Lowvoltage control and | ow voltage network wiring in suspended
ceilings over occupi ed spaces shall be installed in raceways, except:

(1) nonnmetallic-sheathed cables or netallic-arnored cables nay be
installed as pernmitted by NFPA 70.

(2) plenumrated cable in suspended ceilings over occupi ed spaces nmay
be run without raceways.]

3.2.20 Copper Tubi ng

Copper tubing shall be hard-drawn in exposed areas and either hard-drawn or
anneal ed in conceal ed areas. Only tool -made bends shall be used. Fittings
for copper tubing shall be brass or copper solder joint type except at
connections to apparatus, where fittings shall be brass conpression type.

3.2.21 Pl astic Tubi ng

Pl astic tubing shall be run within covered raceways or conduit except when
ot herwi se specified. Plastic tubing shall not be used for applications
where the tubing could be subjected to a tenperature exceedi ng 55 degrees C
130 degrees F. Fittings for plastic tubing shall be for instrument service
and shall be brass or acetal resin of the conpression or barbed push-on
type. Except in walls and exposed | ocations, plastic nmultitube instrunent
tubi ng bundl e w thout conduit or raceway protection may be used where a
nunber of air lines run to the sane points, provided the nultitube bundle
is enclosed in a protective sheath, is run parallel to the building |lines
and is adequately supported as specified.

3.2.22 Pneurmati ¢ Li nes

Pneurmatic lines shall be installed such that they are not exposed to
outside air tenperatures. Pneumatic lines shall be conceal ed except in
nechani cal roons and other areas where other tubing and piping is exposed.

Al'l tubes and tube bundl es exposed to view shall be installed neatly in
lines parallel to the lines of the building. Tubing in
mechani cal /el ectrical spaces shall be routed so that the lines are easily
traceabl e.

Air lines shall be purged of dirt, inmpurities and noi sture before
connecting to the control equipnment. Air lines shall be nunber coded or
col or coded and keyed in the As-Built Drawings for future identification
and servicing the control system

3.2.22.1 Pneurmatic Lines in Mechanical/Electrical Spaces

I n nmechani cal /el ectrical spaces, pneunatic |lines shall be plastic or copper
tubing. Horizontal and vertical runs of plastic tubing or soft copper
tubing shall be installed in raceways or rigid conduit dedicated to

tubing. Dedicated raceways, conduit, and hard copper tubing not installed
in raceways shall be supported every 2 m 6 feet for horizontal runs and
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every 2.5 m 8 feet for vertical runs.

3.2.22.2 Pneurmatic Li nes External to Mechanical/El ectrical Spaces

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

NOTE: Delete protective sheath for nonnetallic
tubing in conceal ed, accessible areas not subject to
abuse.

Rk bk b R IR R R O kO b S O R Rk Rk R ok O S O R R R Ik kS I O I b Rk R

Tubi ng external to nechanical/electrical spaces shall be soft copper with
sweat fittings or plastic tubing in raceways not containing power wiring.
Raceways and tubing not in raceways shall be supported every 2.5 n 8 feet.
Pneurmatic |lines concealed in walls shall be hard-drawn copper tubing or
plastic tubing in rigid conduit. Plastic tubing in a protective sheath,
run parallel to the building lines and supported as specified, may be used
above accessible ceilings and in other conceal ed but accessible | ocations.

3.2.22.3 Term nal Single Lines

Term nal single lines shall be hard-drawn copper tubing, except when the
run is less than 300 mr 12 inch in length, flexible polyethylene may be
used.

3.2.22. 4 Connection to Liquid and Steam Li nes

Rk Ik kR IR R R Ik AR Rk R R Rk O kO O R R R I R R Rk ko

NOTE: The designer will select tubing and fitting
and fitting naterials appropriate for the ductwork
and piping services. Stainless steel tubing wll
only be used when required for the application such
as in corrosive atnospheres.
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Tubi ng for connection of sensing elenments and transnitters to liquid and
steam | ines shall be [copper][Series 300 stainless steel] with [brass
conpressi on][stainl ess-steel conpression] fittings.

3.2.22.5 Connection to Ductwork
Connections to sensing elenments in ductwork shall be plastic tubing.

3.2.22.6 Tubing in Concrete

Tubing in concrete shall be installed in rigid conduit. Tubing in walls
containing insulation, fill, or other packing materials shall be installed
in raceways dedicated to tubing.

3.2.22. 7 Tubi ng Connection to Actuators

Fi nal connections to actuators shall be plastic tubing 300 mr 12 inches
| ong and unsupported at the actuator.

3.2.23 Conpressed Air Stations

Rk Rk kR IR R R Sk O kb S O I AR R R R Rk O ok O O R IR I bk S A R

NOTE: |If possible, foundations and housekeepi ng
pads should be specified in Section 23 00 00 AIR
SUPPLY, DI STRI BUTI ON, VENTI LATI ON, AND EXHAUST
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3.

SYSTENMS
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The air conpressor assenbly shall be mounted on vibration elimnators, in
accordance with ASVE BPVC SEC VIII D1 for tank clearance. The air line
shal | be connected to the tank with a flexi ble pipe connector. Conpressed
air station specialties shall be installed with required tubing, including
condensate tubing to a floor drain. Conpressed air stations shall deliver
control air nmeeting the requirenments of |ISA 7.0.01. Foundations and
housekeepi ng pads shall be provided for the HVAC control systemair
conpressors [in accordance with the air conpressor nmanufacturer's
instructions][as specified in Section 23 00 00 AIR SUPPLY, DI STRI BUTI ON
VENTI LATI ON, AND EXHAUST SYSTEMS] .

.3 DRAW NGS AND CALCULATI ONS

Contractor shall prepare and submt shop draw ngs.

3.1 Net wor k Bandwi dt h Usage Cal cul ati ons

Rk Rk R IR R R I kO AR Rk R Rk kO kO I IR I O I bk S A R R

NOTE:
1) use [the UMCS] when there is an existing UMCS

2) use [the Building Point of Connection (BPOC)
| ocation] when a UMCS is anticipated and the BPOC
| ocation is on the draw ng.

3) use [a single point on the backbone that is not
on a local control bus] for a truly stand-al one
buil ding (no current or anticipated UMCS).

In cases 2) and 3) the Contractor may/will have to
put a device on the network tenporarily to provide a
poi nt for testing purposes.

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

The Contractor shall perform Buil ding Control Network Bandw dth Usage
Calcul ations for a normally | oaded and a heavily | oaded control network.
Cal cul ati ons shall be perforned for network traffic on the backbone.

A heavily | oaded control network is characterized as one perforning the
followi ng activities sinultaneously:

a. Transmtting every point in the building indicated on Points Schedul es
as being available to [the UMCS][the Building Point of Connection
(BPOC) location][a single point on the backbone that is not on a | oca
control bus] in response to polling requests at 15-mnute intervals
(for trending at UMCS).

b. Transmitting five points to [the UMCS|[the Buil ding Point of Connection
(BPOC) location][a single point on the backbone that is not on a |l oca
control bus] in response to polling requests at 2-second intervals.

c. Transnmitting 100 points to [the UMCS][the Building Point of Connection
(BPOC) location][a single point on the backbone that is not on a |l oca
control bus] in response to polling requests at 5-second intervals.

d. Transmtting occupancy comands from [the UMCS][the Buil ding Point of
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Connection (BPOC) |ocation][a single point on the backbone that is not
on a local control bus] to every system schedul e sequence in a
one-mnute interval.

e. Transmtting occupancy override conmands from[the UMCS][the Buil di ng
Poi nt of Connection (BPOC) location][a single point on the backbone
that is not on a local control bus] to every system schedul e sequence
in a one-nmnute interval.

A normal ly | oaded control network is characterized as one performng the
followi ng activities simultaneously:

a. Transnmitting every point in the building indicated on Points Schedul es
as requiring a trend to the UMCS in response to polling requests at
15-m nute intervals (for trending at UMCS).

b. Transmitting 50 points to the UMCS in response to polling requests at
5-second intervals.

c. Transmtting occupancy commands fromthe UMCS to every system schedul er
sequence in a one-mnute interval.

.3.2 DDC Contractor Design Draw ngs

EZE IR R R S I R R I I O R R R Ok S R R I R R R I O R O O

NOTE: Designer nust decide whether to require a
specific drawi ng size (approx 11x17 or 22x34) or to
|l eave it up to the Contractor

Desi gner may choose to include a Riser Diagramin
t he desi gn package to show project specific

requi renents such as DDC Hardware | ocations etc.
EE IR R I Sk S S I S S I I R R R Rk S I S Sk S kI R R R Rk S S I S O Sk I S O R

Drawi ngs shall be on [I1SO Al 841 by 594 nmm 34 by 22 inches][or][A3 420 by
297 mr 17 by 11 inches] sheets in the formand arrangenent shown. The
drawi ngs shall use the sanme abbreviations, synbols, nomencl ature and
identifiers shown. Each control systemelenent on a draw ng shall be
assigned a unique identifier as shown. The DDC Contractor Design Draw ngs
shal |l be delivered together as a conplete submttal. Deviations shall be
approved by the Contracting O ficer. DDC Contractor Design Draw ngs shal

i nclude the follow ng:

a. Drawing Index and HVAC Design Drawi ng Legend: The HVAC Control System
Drawi ng I ndex shall show the nane and nunmber of the building, mlitary
site, State or other simlar designation, and Country. The Draw ng
Index shall list all Contractor Design Drawi ngs, including the draw ng
nunber, sheet nunber, drawing title, and computer filenanme when used.
The Design Drawi ng Legend shall show and describe all synbols,
abbrevi ati ons and acronyns used on the Design Draw ngs.

b. Valve Schedul e: The val ve schedul e shall contain each val ve's unique
identifier, size, flow coefficient Kv (Cv), pressure drop at specified
flow rate, spring range, positive positioner range, actuator size,
cl ose-of f pressure to torque data, dinmensions, and access and cl earance
requi renents data. The valve schedul e shall contain actuator selection
data supported by calculations of the force required to nove and sea
t he val ve, access and cl earance requirenments. A valve schedul e shal
be subnmitted for each HVAC system
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Danper Schedul e: The danper schedul e shall contain each damper's uni que
identifier, type (opposed or parallel blade), nom nal and actual sizes,
orientation of axis and frane, direction of blade rotation, actuator
size and spring ranges, operation rate, positive positioner range,

| ocation of actuators and danper end switches, arrangenent of sections
in multi-section danpers, and methods of connecting danpers, actuators,
and |inkages. The Danper Schedul e shall include the AMCA 500-D maxi mum
| eakage rate at the operating static-pressure differential. A danper
schedul e shall be submitted for each HVAC system

Ther nostat and Qccupancy Sensor Schedul e: The thernostat and occupancy
sensor schedul e shall contain each thernostat's unique identifier, room
identifier and control features and functions as shown. A thernpstat
and occupancy sensor schedul e shall be submitted for each HVAC system

Critical Al arm Handling Schedul e: The critical alarm handling schedul e
shall contain the sanme fields as the critical alarmhandling schedule
Contract Drawing with Contractor updated infornmation and any ot her
project-specific information required to inplement the alarm handling
function. A critical alarmhandling schedule shall be submitted for
each HVAC system

Equi pnent Schedul e: The equi pnment schedul e shall contain the unique
identifier, manufacturer, nodel nunber, part nunber and descriptive
nane for each control device, hardware and component provided under
this specification. An equipnment schedule shall be submitted for each
HVAC system

Qccupancy Schedul e: The occupancy schedul e drawi ng shall contain the
same fields as the occupancy schedul e Contract Drawi ng with Contractor
updated i nformati on. An occupancy schedul e shall be submitted for each
HVAC system

Poi nts Schedul e: The Points Schedul e drawi ng shall contain the sane
fields as the Points Schedule Contract Drawi ng with Contractor updated
i nformation. A Points Schedul e shall be submtted for each HVAC system

Conpressed Air Station Schematic: The conpressed air station schematic
di agram shal | show all equi pnent, including: conmpressor wth notor
hor sepower and voltage; starter; isolators; nanual bypasses; tubing
sizes; drain piping and drain traps; reducing valves; dryer; and data
on manufacturer's nanes and nodel nunbers, nounting, access, and

cl earance requirenents. Air Conpressor and air dryer data shal

i ncl ude cal cul ati ons of the air consunption of al

el ectric-to-pneunmatic transducers and of any other control system
devices to be connected to the conpressed air station, and the
conpressed air supply dewpoint tenperature at 140 kPa 20 psig.
Conpressed air station schematic drawi ngs shall be subnitted for each
conpressed air station.

Ri ser diagram of building control network: The Riser Diagram of the
Bui |l di ng Control Network shall show all network cabling, DDC Hardware,
and Network Hardware including:

(1) Al DDC Hardware with room nunber and location w thin room

(2) DDC Hardware unique identifiers and comobn descriptive nanes.
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3.

3.

(3) Al Network hardware with room nunber and | ocation within room
(4) Network hardware unique identifiers.
(5) Al cabling.

(6) Room nunber and | ocation within roomof all cabling term nation
poi nt s.

(7) Room nunber and location within roomof all network interface
j acks.

A single riser diagramshall be submitted for each building.

Control System Schematics: The control system schematics shall be in
the sane formas the control systemschematic Contract Drawing with
Contractor updated information. A control system schematic shall be
subm tted for each HVAC system

Rk Ik Sk kR IR R R Ik O R R Rk Rk S R R R O O kS I O I S

NOTE: Require Control Logic Diagrams if they have
been included in the contract draw ngs.

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

m

3.

3

Sequences of Qperation[ including Control Logic Diagrans]: The HVAC
control system sequence of operation and [control |ogic diagramnms] shall
be in the same format as the Contract Draw ngs and shall refer to the
devices by their unique identifiers. No operational deviations from
speci fied sequences will be permitted without prior witten approval of
the Governnent. Sequences of operation[ and control |ogic diagrans]
shall be subnmitted for each HVAC control system

Control ler, Motor Starter and Relay Wring Diagram The controller
wiring diagrans shall be functional wiring diagrams which show the

i nterconnection of conductors and cables to each controller and to the
identified termnals of input and output devices, starters and package
equi prent. The wiring di agrans shall show necessary junpers and ground
connections. The wiring diagranms shall show the | abels of al
conductors. Sources of power required for control systenms and for
packaged equi pnment control systens shall be identified back to the
panel board circuit breaker number, controller enclosures, magnetic
starter, or packaged equi pment control circuit. Each power supply and
transformer not integral to a controller, starter, or packaged

equi prent shall be shown. The connected volt-anmpere | oad and the power
supply volt-anmpere rating shall be shown. Wring diagrans shall be
subm tted for each HVAC control system

Draft As-Built Draw ngs

The Contractor shall update the Contractor Design Drawi ngs with all
as-built data and submit as specified.

3.4

Final As-Built Draw ngs

The Contractor shall update the Draft As-Built Drawings with all final
as-built data and submit as specified.
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3.4 HVAC SYSTEMS SEQUENCES OF OPERATI ON
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NOTE: These sequences are 'tenplate' sequences.
When editing this specification, the sequences
shoul d be put onto the draw ngs and these tenpl ate
sequences shoul d be deleted. Note that the Al arm
Handl i ng and Schedul i ng sequences each need to be
edited and placed onto their own draw ng.

When renovi ng the sequences, keep this subpart
nunber and title intact, but replace the entire
contents of the subpart with a note such as "Al
Sequences of Qperation are | ocated on draw ngs",

EE R R R R R I I R I R R I I R R R R Ok R R kR R Rk I R I O

3.4.1 Al ar m Handl i ng
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NOTE: Alarmhandling is generally perfornmed by the
Monitoring and Control (M&C) software (Section

25 10 10 UTILITY MONI TORI NG AND CONTROL SYSTEM
(UMCS)). The alarm handling described here is for
redundant notification of critical alarns. These
are alarms which nust be received even if the

UMCS/ front-end is not functioning/present.

Choose the required functionality for the alarm
handl i ng notification and indicate alarns which are
critical/require a redundant notification and the
notification requirenents on the Critical A arm
Schedul e.

Sel ection of notification nmethods other than a.

bel ow may require a nore

conpl i cat ed/ expensi ve/ sophi sticated device. Note
that option c. is nost useful if the |IP network
connected to the Alarm Handler is different than the
UMCS | P network (so that there is no single point of
failure for both UMCS al arm handling and this

devi ce) .
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The Contractor shall install and configure DDC Hardware to provide alarm
handling functionality for critical alarns as specified and shown, either
in a piece of DDC Hardware dedicated to this function or in DDC Hardware
perform ng other functions. The DDC Hardware providing al arm handling
functionality shall provide the follow ng capabilities as required:

a. Dial to a pager: The node shall be able to dial a paging service and
| eave a nuneric nessage.

[b. Dial to an e-mail server: The node shall be able to dial and connect
to a renote server and send an e-nmmil via Sinple Mail Transfer Protoco
(SMTP) . ]

[c. Send e-mail over |IP Network: The al arm handling node shall be capable

of connecting to an IP network and sending e-mail via Sinple Mil
Transfer Protocol (SMIP).]

SECTION 23 09 23 Page 61



[d. Provide network access: The node shall be capable of receiving a
connection via the nodemto allow a renpte conmputer access to the
control network. ]

3.4.2 Schedul i ng
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NOTE: FYl: Scheduling is nornmally performed by the
Monitoring and Control (MRC) software (Section

25 10 10 UTILITY MONI TORI NG AND CONTROL SYSTEM
(UMCS)). The UMCS (Section 25 10 10) Contractor

will set this up. In the absence of a UMCS or if
conmuni cation with the UMCS is | ost, a default
schedule will be active.

The M&C software will have capabilities to perform
schedul i ng according to day of week, holidays, etc
and will have the capability to override system
occupancy nodes based on demand linmiting progranms or
operat or overrides.
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3.4.2.1 Syst em Mode

AHUs shal |l operate in Occupied, Warm Up- Cool - Down, or Unoccupi ed nodes as
speci fied. VAV boxes, Fan Coils, and other terninal equipment shall operate
in Occupi ed or Unoccupi ed nodes as specified. Chillers, boilers, and other
sources of heating/cooling for hydronic | oads do not require scheduling;
these systens receive requests for heating/cooling fromtheir |oads.

3.4.2.2 Syst em Schedul er Requi renments
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NOTE: Indicate if a comon schedul e may be used for
multiple Terminal Units (TUs). |If allowi ng a comobn
schedule for multiple TUs: keep the 'group of'
bracketed text, and decide if TU groupings will be

i ncl uded on the draw ngs (keep the 'as shown'
bracketed text) or if the Contractor should decide
on groupings (renove the 'as shown' bracketed text).
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The System Schedul er functionality shall reside in either a piece of DDC
Har dware dedicated to this functionality or in the DDC Hardware controlling
the system AHU. A single piece of DDC Hardware may contain nmultiple System
Schedul ers. A uni que System Schedul er shall be provided for: each AHU
including it's associated Term nal Units, and each stand-al one Ternina

Unit (those not dependent upon AHU service)[ or group of stand-al one
Terminal Units acting according to a common schedule]. Each System
Schedul er shall provide the follow ng functionality:

a. Schedul ed Cccupancy | nput: Accept network variable of type
SNVT_occupancy (as defined in the LonMark SNVT List). Input shall
support the follow ng possible values: OC STANDBY, OC OCCUPI ED and
OC_UNOCCUPI ED

b. COccupancy Override Input: Accept network variable of type
SNVT_occupancy (as defined in the LonMark SNVT List). |Input shall
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support the follow ng possible values: OC STANDBY, OC _OCCUPI ED
OC_UNOCCUPI ED, and OC_NUL.

Space Cccupancy |nputs: For systens with nultiple occupancy sensors,
accept nultiple inputs of network variable type SNVT_Cccupancy (as
defined in the LonMark SNVT List). Input shall support the follow ng
possi bl e values: OC _OCCUPI ED, OC UNOCCUPI ED, and OC NUL. For systens
wi th a single occupancy sensor, accept a network variable input of type
SNVT_Qccupancy or a hardware binary input (Bl) indicating the space
occupancy status as Cccupi ed or Unoccupi ed.

Air Handl er COccupancy Qutput: For a System Scheduler for a system
contai ning an air handl er, output one or nore SNVTs indicating the
desired occupancy status as one of the follow ng possible val ues:
War m Up- Cool - Down (when required by the AHU Sequence of Qperation),
Cccupi ed and Unoccupi ed.

Term nal Unit Cccupancy Qutput: For a System Schedul er for a
stand-al one terminal unit, [a group of stand-alone term nal units
acting according to a common schedule,] or a group of terminal units
served by a single air handler, output one or nmore SNVTs indicating
t he desired occupancy status as one of the foll ow ng possible val ues:
Qccupi ed and Unoccupi ed.

EZE IR R R S I R R I I O R R R Ok S R R I R R R I O R O O

NOTE: Designer nust provide the default (backup)
24-hour 7-day schedule on the Points Schedule (i.e.
Cccupi ed from 6AM - 10PM Monday t hrough Friday,
Unoccupi ed Saturday and Sunday).

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

f.

3.4.2.

Def ault Schedul e: Incorporate a 24-hour 7-day default schedul e as shown
on the drawi ngs which may be activated and deacti vated by the System
Schedul er Logi c.

Conmuni cation Determination: Deternmine the tinme el apsed between
recei pts of the schedul ed occupancy input SNVT, and use this el apsed
time to activate and deactivate the Default Schedul e as specifi ed.
(This provides the capability for the systemscheduler to use its
Default Schedule if it |oses conmunication with the UMCS)

3 Syst em Schedul er Qutput Determ nation

Air Handl er Cccupancy Qutput: |If nmore than 95 m nutes have passed since
the | ast recei pt of the Schedul ed Cccupancy input, the Air Handl er
Cccupancy Qut put shall be determ ned by the default schedule and the
Space Cccupancy | nputs. Oherw se, the output shall be determ ned as
fol | ows:

(1) If the Override Qccupancy Input is not OC NUL, the Air Handl er
Cccupancy Qut put shall deternined as follows:

(a) The output shall be Cccupi ed when the Override Occupancyl nput
i s OC_OCCUPI ED.

(b) The output shall be Unoccupi ed when the Override
Cccupancyl nput is OC_UNOCCUPI ED

(c) If the system Sequence OF Operation specifies
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War m Up- Cool - Down node, the output shall be Warm Up- Cool - Down when
the Override Cccupancy | nput is OC_STANDBY

(2) If the Override Qccupancy Input is OC NUL and the Schedul e
Cccupancy input is OC OCCUPIED, the Air Handl er and Stand-Al one
Term nal Unit Cccupancy Qutput shall be OC OCCUPI ED

(3) If the Override Occupancy Input is OC NUL, the Schedul e Cccupancy
i nput is not OC_OCCUPI ED, and |l ess than required nunmber of Space
Cccupancy I nputs (as shown on the Cccupancy Schedul e Drawi ng) are
OC OCCUPI ED (or the hardware Bl is Unoccupied), the Air Handl er
Cccupancy Qut put shall be deternined by the Schedul ed OGccupancy
I nput

(a) The output shall be Cccupi ed when the Schedul ed Cccupancy
| nput is OC_OCCUPI ED.

(b) The output shall be Unoccupi ed when the Schedul ed OGccupancy
I nput i s OC_UNOCCUPI ED.

(c) If the system Sequence OF QOperation specifies
War m Up- Cool - Down node the output shall be Warm Up- Cool - Down when
t he Schedul ed Cccupancy I nput is OC STANDBY.

(4) If the Override QOccupancy Input is OC_NUL and at |east the
requi red nunmber (as shown on the Cccupancy Schedul e Drawi ng) of
Space COccupancy | nputs are OC OCCUPI ED (or the hardware Bl is
Cccupi ed), the Air Handl er Cccupancy CQutput shall be Cccupi ed.

b. Termnal Unit Cccupancy Qutput: If nore than 95 m nutes have passed
since the last receipt of the Schedul ed Cccupancy input, the Term na
Unit Gccupancy Qutput shall be determ ned by the default schedul e.

O herwi se, the output shall be deternined as follows:

(1) If the Override Qccupancy Input is not OC NUL, the Terminal Unit
Cccupancy Qut put shall be deternined as foll ows:

(a) The output shall be Cccupi ed when the Override Occupancy

I nput is OC OCCUPI ED or OC_STANDBY (to all ow AHU dependent
Terminal Units to operate in Cccupi ed node when their associated
AHU i s in Warm Up- Cool - Down.

(b) The output shall be Unoccupi ed when the Overri de Cccupancy
I nput i s OC_UNOCCUPI ED.

(2) If the Override Qccupancy Input is OC NUL, the AHU Dependent
Term nal Unit Cccupancy Qutput shall determined as foll ows:

(a) The output shall be Cccupi ed when the Schedul ed Cccupancy

I nput is OC OCCUPI ED or OC _STANDBY (to all ow AHU dependent

Term nal Units to operate in Cccupi ed node when their associated
AHU i s in Warm Up- Cool - Down.

(b) The output shall be Unoccupi ed when the Schedul ed OGccupancy
I nput i s OC_UNOCCUPI ED.

3.4.2.4 Air Handl er System Schedul i ng

The AHU Cccupancy Qut put SNVT shall be bound fromthe System Scheduler to
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the DDC Hardware that executes the Occupancy Mode Determ nation part of the
Air Handl er Sequence of COperati on.

For Air Handl ers using occupancy sensors, the occupancy sensor output SNVT
(of type SNVT_Cccupancy) shall be bound to a Space Cccupancy | nput of the
Syst em Schedul er.

The Term nal Unit Occupancy Qutput SNVT shall be bound fromthe System
Schedul er to each AHU Dependent Terminal Unit.

AHU- Dependent Terminal Units with occupancy sensors shall have their
Ef fective Cccupancy SNVT (of type SNVT_Cccupancy) bound to a Space
Qccupancy | nput of the System Schedul er.

.4.2.5 St and- Al one Terninal Unit Scheduling

The Term nal Unit Occupancy Qutput shall be bound fromthe System Schedul er
to the DDC Hardware that executes the QOccupancy Mode Determ nation part of
the Ternminal Unit Sequence of Operation.

. 4.3 Sequences of Qperation for Air Handling Units
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NOTE:

1) The follow ng sequences, with few exceptions,
assune the use of a System Schedul er and space
occupancy input(s) to switch between occupi ed and
unoccupi ed node set poi nts.

2) Show occupi ed and unoccupi ed node setpoints on
the Points Schedule. A configured setpoint is
operat or adjustable over the control network, but
resides in the | ocal DDC Hardware. In these
sequences it serves as the default occupi ed node
setpoint and (at a separate setting/value) as an
unoccupi ed node 'setback' setpoint.

3) Space occupancy input(s) may consist of an
occupancy sensor and/or a |ocal push-button

I ndicate the use of a sensor and/or push-button by
placing an ' X' in the 'Thernostat and Cccupancy
Sensor Schedule'. |If a push-button is used, show
the override time duration in the Schedule. The
occupancy sensor specification requires a 15 mnute
of f-nbde delay prior to | eaving the occupied node.
If a different tine is desired, showit in the

t hermost at schedul e and ensure that it is consistent
wi th the Qccupancy Sensor Product specification

4) Cccupancy sensor location is left up to the
Contractor. |If ceiling nmount sensors are preferred,
edit the sequences and/or indicate in the Thernostat
and Cccupancy Sensor Schedul e.

5) For each unit, as applicable, indicate if the

zone tenperature setpoint will be occupant
adjustable by placing an ' X in the 'Thernostat and
Cccupancy Sensor Schedul e'. For

non- occupant - adj ust abl e set poi nts, show the set point
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in the Points Schedule. The intent is that the
Contractor provides one or the other as shown.

Non- occupant - adj ust abl e set poi nts are adjustabl e by
a system operator using a |local display panel (LDP)
or an operator workstation (and appropriate
software).

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

3.4.3.1 All-Air Small Package Unitary System
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NOTE: For heating-only or cooling-only systens,
edit the sequence as required. Were applicable,
select 'Energ Heat' for heat punp systens.
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Contractor shall install DDC hardware to performthis Sequence of Operation
and to provide SNVT inputs, outputs and alarns as specified and shown on
the Points Schedule. Unless otherw se specified, all nodulating contro
shal | be proportional-integral (Pl) control.

a. Fan O\ AUTO Switch

(1) ON. Wth the thernmostat fan ON-AUTO switch in the ON position
the DDC Hardware shall start the fan and it shall run continuously.

(2) AUTO Wth the thernostat fan ONAUTO switch in the AUTO
position, the DDC Hardware operates the fan according to
HEAT- OFF- COCL[ - EMERG HEAT] switch.

b. HEAT- OFF- COOL[ - EMERG HEAT] Switch

(1) HEAT-COOL[-EMERG HEAT]: Wth the thernmpstat switch in the HEAT or
COOL [or EMERG HEAT] positions, the DDC Hardware shall operate the
package unit according to the Cccupancy Mbde.

(2) OFF: Wth the thernostat switch in the OFF position, the DDC
Har dwar e shall de-energize the heating unit and cooling unit [and
energency suppl emental heat].

c. GCccupancy Moddes

(1) GOccupied: The unit DDC Hardware shall be in the Occupi ed Mdde
when the | ocal space occupancy input(s) indicate that the space is
occupi ed or when the input fromthe System Schedul er is occupi ed.

(2) Unoccupi ed: The unit DDC Hardware shall be in the Unoccupi ed Mdde
when the | ocal space occupancy input(s) indicate that the space is
unoccupi ed and when the input fromthe System Scheduler is
unoccupi ed.

d. Safeties: The unit shall run subject to the unit manufacturer's
safeti es.

e. Zone Tenperature Control
(1) In the Cccupi ed Mode the zone tenperature setpoint (ZN T-SP)

shal |l be at the configured setpoint or at the occupant-adjustable
setpoint via the wall-nounted thernostat, as shown.
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(2) In the Unoccupi ed Mode the zone tenperature setpoint (ZN T-SP)
shall be at the configured setpoint (ZN T-SP) as shown.

(3) The DDC Hardware shall cycle the fan, cooling unit, heating
unit[, and energency suppl enental heat], in accordance with the
HEAT- COOL[ - EMERG HEAT] switch setting, to naintain zone
tenperature (ZN-T) at setpoint (ZN- T-SP)

3.4.3.2 Heating and Ventilating Unit (or Unit Ventilator)
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NOTE:

1) A special interlock control sequence for each fan
systemwi || be devel oped by the designer if required.

2) This system has a single outside air duct.
Sel ect either 2-position outside air danpers or
nmodul ati ng danpers

3)Indicate the System Schedul er and M&C Software
Cccupancy Schedul e on the Qccupancy Schedul e

drawi ng. The designer needs to coordi nate System
Schedul er (occupancy node determi nation) with space
occupancy sensor input and pushbutton override
switch input use. As described in the System
Schedul er sequence, 'occupied inputs fromtwo

di fferent spaces are required to hel p avoi d needl ess
turning on of the system (due to cleaning staff or
security staff passing through after hours).

4) The inclusion of filter pressure sw tches should
be coordinated with the local C&M staff. Pressure
switches may not be desired/ needed, particularly if
filters are replaced on a regular schedule. Edit
the Points Schedul e as required.

5) Absence of fan proof(s) or activation of any
safety will result in systemshutdown. The system
remai ns shutdown until nanually reset devices are
reset and a manual reset button (RST-BUT), local to
the DDC controller, is pressed. Reset could also be
performed froma workstation (via SNVT) or |oca

di splay panel (LDP). It is recomended that you
coordinate the decision with the | ocal O&M staff.
Edit the Control Logic Diagram and Points Schedul e
to indicate which reset nethod is to to be provided
by the Contractor

6) The hardware (product) specification requires

that the lowlimt (freezestat) device include a
manual reset at the device. |In the event of

shutdown due to freeze stat trip the systemwl|l
remai n shutdown until the device is reset and a
separate DDC reset, as described above, is al so used.

7) Snoke control is not addressed in this guide
specification. Snoke control sequence of operation
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for each fan system if beyond the requirenents
described, will be devel oped by the designer, based
on the requirenents and paraneters of the project.
The designer will account for operation of danpers
and fans for pressurization and manual override of
interlocks to the fire alarmsystem Al autonatic
overrides of normal HVAC control sequences will be
activated through the fire protection and snoke
control interface panel that the designer will
design for the project. Wth the present contro
sequence, in the event of shutdown due to snoke
detector input the systemw |l renain shutdown unti
the snoke detector is reset and a separate DDC
reset, as described above, is also used. The Fire
Al arm Panel (FAP) input takes precedence over any
DDC input to force the fan(s) to run
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Contractor shall install DDC hardware to performthis Sequence of Operation
and to provide SNVT inputs, outputs and al arns as specified and shown on
the Points Schedule. Unless otherw se specified, all nodulating contro
shal |l be proportional-integral (Pl) control.

a. HAND OFF- AUTO switches: Supply fan nmotor starter shall accept a Fire
Al arm Panel (FAP) signal that takes precedence over all other starter
i nputs and switches and shall start the fan. The fan notor starter
shal | accept an occupant accessibl e energency shutoff switch as shown.
The supply fan notor starter shall have an H O A switch

(1) HAND: Wth the HO A switch in HAND position, the supply fan
shall start and run continuously, subject to Safeties.

(2) OFF: Wth the HO A switch in OFF position, the supply fan shal
st op.

(3) AUTO Wth the HO A switch in AUTO position, the supply fan

shall run subject to the Supply Fan Start/Stop (SF-SS) conmand and
Safeti es.

b. COccupancy Mddes: The systemshall obtain its Occupancy Mde input from
t he System Schedul er as specified and shown. The system shall operate
in one of the follow ng nodes:

(1) Gccupied: The Unit's DDC Hardware shall be in the QOccupi ed Myde
when the input fromthe System Schedul er (SYS-OCC) is occupied [or
when the | ocal space occupancy input(s) (ZN-OCC indicate that the
space i s occupied].

(2) Unoccupied: The Unit's DDC Hardware shall be in the Unoccupied
Mode when the input fromthe System Scheduler (SYS-OCC) is
unoccupi ed [and when the | ocal space occupancy input(s) (ZN OCC
i ndi cate that the space i s unoccupied].

[(3) Warm Up/ Cool Down: The Unit's DDC Hardware shall be in the Warm
Up/ Cool Down Mode based on input fromthe System Schedul er.]

c. System Enable and Loop Enabl e
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NOTE: Select M xed Air Danper Control for systens
wi th 2-position danpers.
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(1) GCccupied node: The supply fan shall be enabl ed (SYS-ENA) and
commanded to run (SF-SS). The Zone Tenperature Control |oop [and
M xed Air Danper Control ]shall be enabl ed.

(2) Unoccupied nmode: Al control |oops shall be disabled. Wen
BLDG T drops bel ow BLDG T-LL-SP (with a 3 degrees C 5 degrees F
deadband) the supply fan shall be enabled (SYS-ENA) and comuanded
to run (SF-SS) and the Zone Tenperature Control |oop shall be
enabl ed.

[(3) Warm Up/ Cool Down: The supply fan shall be enabl ed (SYS-ENA) and
conmanded to run (SF-SS). The Zone Tenperature Control |oop [and
M xed Air Danper Control ]shall be enabled.]

d. Proofs and Safeties

(1) The supply fan and all DDC Hardware control |oops shall be
subject to Proofs and Safeties. Safeties shall be direct-hardwire
interlocked to the fan starter circuit as shown. DDC Hardware
shall nonitor all proofs and safeties and failure of any proof or
activation of any safety shall result in all control |oops being
di sabl ed and the AHU fan bei ng conmanded off until reset.

(2) Proofs: Supply fan status (proof) (SF-9S)
(3) Safeties:

(a) Heating Coil discharge air tenperature lowlinmt (freeze
stat) (HTG DA-T-LL)

(b) Supply air snmoke (SA- SMWK)
(c¢) Return air snmoke (RA-SM)]

(4) DDC Hardware reset of all proofs and safeties shall be via a
| ocal binary push-button (RST-BUT) input to the DDC Hardware, via
a renote comand to the DDC Hardware via SNVT or both (where the
Contractor provides both reset functions and the operator can use
either one to performthe reset), as shown on the Points Schedul e
dr awi ng.
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NOTE: |f the system has nodul ati ng danpers, sel ect
bracket ed danper text in Zone Tenperature Control
paragraph. OQherw se, select Mxed Air Danper
Control .
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e. Zone Tenperature Control

(1) Wen this loop is enabled, the DDC Hardware shall nodul ate the
heating valve [and outside air, relief, and return air danpers in
sequence] to mmintain zone tenperature (ZN-T) at setpoint
(ZN-T-SP). [ Sequencing shall be as shown: Upon a rise in zone
tenperature above zone tenperature setpoint (ZNT-SP), subject to

SECTION 23 09 23 Page 69



the zone tenperature setpoint deadband as shown, the outside air,
relief, and return air danpers shall nodulate to nmaintain zone
tenperature at setpoint. During occupied node, outside air danper
m ni mum position (OA-D-MN) shall be as shown.] Upon a fall in
zone tenperature bel ow zone tenperature setpoint, subject to the
deadband as shown, the heating valve shall nobdul ate towards open
to maintain zone tenperature setpoint.

(2) Wen this loop is disabled, the heating valve shall be closed
[and the outside air danper and relief danper shall be closed and
the return danper shall be open].

[f. Mxed Air Danmper Control: Wen this is enabled, the outside air and
relief air danpers shall be open and the return air danper shall be
closed. When this is disabled, the outside air and relief air danpers
shall be closed and the return air danper shall be open.]

3.4.3.3 Single Zone with Heating and [DX] [ Cooling] Coils

Rk Ik Sk kR IR R R Ik O R R Rk Rk S R R R O O kS I O I S

NOTE:
1) Edit the sequence and draw ngs as necessary for
systens with/w thout a preheat coil, econonizer, and

other project specific control |oop requirenents.

2) Mnimmoutside air flow control can be
acconpl i shed several different ways. Refer to the
UFC, but don't use flow neasurenent in a constant
vol ume system

3) The inclusion of filter pressure swtches should
be coordinated with the local G&M staff. Pressure
switches may not be desired/ needed, particularly if
filters are replaced on a regular schedule. Edit
the Points Schedule and Control Schematic as
required.

4) Indicate the System Schedul er and M&C Sof t war e
Cccupancy Schedul e on the Occupancy Schedul e

drawi ng. The designer needs to coordi nate System
Schedul er (occupancy node deternination) with space
occupancy sensor input and pushbutton override
switch input use. As described in the System
Schedul er sequence, 'occupied inputs fromtwo

di fferent spaces are required to hel p avoi d needl ess
turning on of the system (due to cleaning staff or
security staff passing through after hours).

5) Absence of fan proof(s) or activation of any
safety will result in systemshutdown. The system
remai ns shutdown until nmanually reset devices are
reset and a manual reset button (RST-BUT), local to
the DDC controller, is pressed. Reset could also be
perfornmed froma workstation (via SNVT) or |oca

di spl ay panel (LDP). It is recommended that you
coordi nate the decision with the [ ocal O&M staff.
EEdit the Control Logic Diagram and Points Schedul e
to indicate which reset nethod is to to be provided
by the Contractor

SECTION 23 09 23 Page 70



6) The hardware (product) specification requires

that the lowlimt (freezestat) device include a
manual reset at the device. |In the event of

shutdown due to freeze stat trip the systemwl|
remai n shutdown until the device is reset and a
separate DDC reset, as described above, is al so used.

7) Snoke control is not addressed in this guide
specification. Snoke control sequence of operation
for each fan system if beyond the requirenents
described, will be devel oped by the designer, based
on the requirenents and paraneters of the project.
The designer will account for operation of danpers
and fans for pressurization and manual override of
interlocks to the fire alarmsystem Al automatic
overrides of normal HVAC control sequences will be
activated through the fire protection and snoke
control interface panel that the designer wll
design for the project. Wth the present contro
sequence, in the event of shutdown due to snoke
detector input the systemw ||l renmain shutdown unti
the snoke detector is reset and a separate DDC
reset, as described above, is also used. The Fire
Al arm Panel (FAP) input takes precedence over any
DDC input to force the fan(s) to run

Rk Ik kR IR R R Ik AR Rk R R Rk O kO O R R R I R R Rk ko

Contractor shall install DDC hardware to performthis Sequence of Operation
and to provide SNVT inputs, outputs and alarns as specified and shown on
the Points Schedule. Unless otherw se specified, all nodulating contro
shal | be proportional-integral (Pl) control.

a.

HAND- OFF- AUTO swi tch: Supply fan notor starter shall accept a Fire

Al arm Panel (FAP) signal that takes precedence over all other starter
i nputs and switches and shall start the fan. The fan notor starter
shal | accept an occupant accessibl e energency shutoff switch as shown.
The supply fan nmotor starter shall have an H O A switch

(1) HAND: Wth the HO A switch in HAND position, the supply fan
shal |l start and run continuously, subject to Safeties.

(2) OFF: Wth the HO A switch in OFF position, the supply fan shal
st op.

(3) AUTO Wth the HO A switch in AUTO position, the supply fan
shall run subject to the Supply Fan Start/Stop (SF-SS) conmand and
Saf eti es.

Qccupancy Modes: The system shall obtain its Occupancy Mdde i nput from
t he System Schedul er as specified and shown. The system shall operate
in one of the follow ng nodes: Cccupi ed, Unoccupied[, or

War niJp/ Cool Down] .

System Enabl e and Loop Enabl e:

(1) Gccupied Mde: The supply fan shall be enabl ed (SYS-ENA) and
conmmanded to run (SF-SS) and all control |oops shall be enabl ed.
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(2) Unoccupi ed node: While the building tenperature (BLDG T) is above
set point (BLDG T-LL-SP) all control |oops shall be disabled and
the supply fan shall not run. Wen BLDG T drops bel ow
BLDG T-LL-SP (with a 3 degrees C 5 degrees F deadband) the supply
fan shall be enabl ed (SYS-ENA) and conmmanded to run (SF-SS) and
the Heating Coil Tenperature Control |oop shall be enabled. The
Qutside Air Flow Control, Econonizer Danper Control, and [ DX
Cooling Coil Control |oops shall be disabl ed.

[(3) Warm Up / Cool Down Mode: The supply fan shall be enabl ed
(SYS-ENA) and commanded to run (SF-SS) and the M nimum Qutside Air
Fl ow Control |oop shall be disabled. Al other control |oops
shal | be enabl ed. ]

Proofs and Safeties:

(1) The supply fan and all DDC Hardware control |oops shall be
subject to Proofs and Safeties. Safeties shall be direct-hardwire
interlocked to the fan starter circuit as shown. DDC Hardware
shall nmonitor all proofs and safeties and failure of any proof or
activation of any safety shall result in all control |oops being
di sabl ed and the AHU fan bei ng conmanded off until reset.

(2) Proofs:
(a) Supply fan status (proof) (SF-S)

(3) Safeties:

(a) Heating coil discharge air tenperature lowlint (freeze
stat) (HTG DA-T-LL)

(b) Supply air snmoke (SA-SMWK)
(c) Return air snmoke (RA-SMWK)

(4) DDC Hardware reset of all proofs and safeties shall be via a
| ocal binary push-button (RST-BUT) input to the DDC Hardware, via
a renote comand to the DDC Hardware via SNVT or both (where the
Contractor provides both reset functions and the operator can use
either one to performthe reset), as shown on the Points Schedul e
dr awi ng.

M ni mum Qut side Air Flow Control: Wen this |oop is enabled the DDC
Har dwar e shall open the 2-position mninumoutside air danper to
i ntroduce the mninumoutside air flow quantity as shown. \When this
| oop is disabled, the mninumoutside air danper shall be closed.

Econoni zer Danper Control:

(1) Wen this loop is enabled, and the Economizer is ON as deterni ned
by the Economi zer Enable Logic, the DDC Hardware shall nodul ate
the econonizer outside air, relief, and return air danpers
(Economni zer danpers) in sequence with the [DX] cooling coil
control and heating coil control valve as shown to naintain zone
tenperature (ZN-T) at setpoint (ZNT-SP) as shown.

(2) Wen this loop is disabled, or the Economnizer is OFF as

determ ned by the Econom zer Enable Logic, the econoni zer outside
air and relief air danpers shall be closed, and the return air
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danper shall be open

(3) Econonizer Enable Logic. The economni zer shall be ON when the
outside air dry bulb tenperature is between the high limt
(ECOHL-SP) and low limt (ECO LL-SP) setpoints as shown. The
Econoni zer shall otherw se be OFF. ECO HL- SP and ECO LL- SP shal
each have a 1 degree C 2 degrees F deadband.

g. Heating Coil Control: Wen this | oop is enabled the DDC Hardware shal
nodul ate the heating coil control valve in sequence with the cooling
coil valve and econoni zer danpers as shown to naintain zone tenperature
(ZN-T) at setpoint (ZN-T-SP) as shown. Wen this |oop is disabled, the
heating coil control valve shall be closed.

h. [DX] Cooling Coil Control: Wen this |loop is enabled the DDC Hardware
shall [stage the DX Unit] [nbdul ate the cooling coil control valve] in
sequence with the heating coil valve and economn zer danpers as shown to
mai ntain zone tenperature (ZN-T) at setpoint (ZNT-SP) as shown. Wen
this loop is disabled, the [DX unit shall be off] [cooling coil contro
val ve shall be cl osed].

3.4.3.4 Singl e Zone wi th Dual - Tenper at ure Coi
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NOTE:
1) Edit the sequence and draw ngs as necessary for
systenms with/w thout a preheat coil, econonizer, and

other project specific control |oop requirenents.

2) Mninmumoutside air flow control can be
acconpl i shed several different ways. Refer to the
UFC, but don't use flow measurenent in a constant
vol ume system

3) The inclusion of filter pressure switches should
be coordinated with the local C&M staff. Pressure
swi tches may not be desired/ needed, particularly if
filters are replaced on a regul ar schedule. Edit
the Points Schedul e and Control Schematic as
required.

4) Indicate the System Schedul er and M&C Sof t war e
Cccupancy Schedul e on the Qccupancy Schedul e

drawi ng. The designer needs to coordi nate System
Schedul er (occupancy node determ nation) with space
occupancy sensor input and pushbutton override
switch input use. As described in the System
Schedul er sequence, 'occupied inputs fromtwo

di fferent spaces are required to hel p avoi d needl ess
turning on of the system (due to cleaning staff or
security staff passing through after hours).

5) Absence of fan proof(s) or activation of any
safety will result in systemshutdown. The system
remai ns shutdown until nanually reset devices are
reset and a manual reset button (RST-BUT), local to
the DDC controller, is pressed. Reset could also be
perfornmed froma workstation (via SNVT) or |oca

di splay panel (LDP). It is recomended that you
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coordinate the decision with the | ocal O&M staff.
Edit the Control Logic Di agram and Points Schedul e
to indicate which reset nethod is to to be provided
by the Contractor

6) The hardware (product) specification requires

that the low linmt (freezestat) device include a
manual reset at the device. 1In the event of

shutdown due to freeze stat trip the systemwl|
remai n shutdown until the device is reset and a
separate DDC reset, as described above, is also used.

7) Snoke control is not addressed in this guide
specification. Snoke control sequence of operation
for each fan system if beyond the requirenents
described, will be devel oped by the designer, based
on the requirenents and paraneters of the project.
The designer will account for operation of danpers
and fans for pressurization and manual override of
interlocks to the fire alarmsystem Al autonatic
overrides of normal HVAC control sequences will be
activated through the fire protection and snoke
control interface panel that the designer will
design for the project. Wth the present contro
sequence, in the event of shutdown due to snoke
detector input the systemw Il remain shutdown unti
the snmoke detector is reset and a separate DDC
reset, as described above, is also used. The Fire
Al arm Panel (FAP) input takes precedence over any
DDC input to force the fan(s) to run
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Contractor shall install DDC hardware to performthis Sequence of Operation
and to provide SNVT inputs, outputs and alarns as specified and shown on
the Points Schedule. Unless otherw se specified, all nodulating contro
shal | be proportional-integral (Pl) control.

a. HAND OFF- AUTO switch: Supply fan notor starter shall accept a Fire
Al arm Panel (FAP) signal that takes precedence over all other starter
i nputs and switches and shall start the fan. The fan notor starter
shal | accept an occupant accessi bl e energency shutoff switch as shown.
The supply fan notor starter shall have an H O A switch:

(1) HAND: Wth the HO A switch in HAND position, the supply fan
shall start and run continuously, subject to Safeties.

(2) OFF: Wth the HO A switch in OFF position, the supply fan shal
st op.

(3) AUTO Wth the HO A switch in AUTO position, the supply fan
shall run subject to the Supply Fan Start/Stop (SF-SS) conmand and
Saf eti es.

b. Occupancy Modes: The systemshall obtain its Occupancy Mdde input from
t he System Schedul er as specified and shown. The system shall operate
in one of the follow ng nodes: Cccupi ed, Unoccupied[, or
War nJp/ Cool Down] .

c. System Enabl e and Loop Enabl e:
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(1) Gccupied Mde: The supply fan shall be enabl ed (SYS-ENA) and
commanded to run (SF-SS) and all control |oops shall be enabl ed.

(2) Unoccupi ed node: While the building tenperature (BLDG T) is above
setpoint (BLDG T-LL-SP) all control |oops shall be disabled and
the supply fan shall not run. Wen BLDG T drops bel ow
BLDG T-LL-SP (with a 3 degrees C 5 degrees F deadband) the supply
fan shall be enabl ed (SYS-ENA) and conmanded to run (SF-SS) and
the Dual Tenperature Coil Tenperature Control |oop shall be
enabl ed. The M ninum Qutside Air Flow Control, and Economni zer
Danper Control |oops shall be disabl ed.

[(3) Warm Up / Cool Down Mode: The supply fan shall be enabl ed
(SYS-ENA) and commanded to run (SF-SS). The M ninum Qutside Air
Fl ow Control |oop shall be disabled and all other control |oops
enabl ed. ]

Proofs and Safeties:

(1) The supply fan and all DDC Hardware control |oops shall be
subject to Proofs and Safeties. Safeties shall be direct-hardwire
interlocked to the fan starter circuit as shown. DDC Hardware
shall nonitor all proofs and safeties and failure of any proof or
activation of any safety shall result in all control |oops being
di sabl ed and the AHU fan bei ng conmanded off until reset.

(2) Proofs: Supply fan status (proof) (SF-9S)
(3) Safeties:

(a) Dual Tenperature coil discharge air tenperature low limt
(freeze stat) (DT-DA-T-LL)

(b) Supply air snmoke (SA- SMWK)
(c) Return air snoke (RA-SWK)

(4) DDC Hardware reset of all proofs and safeties shall be via a
| ocal binary push-button (RST-BUT) input to the DDC Hardware, via
a renote comand to the DDC Hardware via SNVT or both (where the
Contractor provides both reset functions and the operator can use
either one to performthe reset), as shown on the Points Schedul e
dr awi ng.

M ni mum Qut side Air Flow Control: Wen this |oop is enabled the DDC
Har dwar e shall open the 2-position mninumoutside air danper to
i ntroduce the mininumoutside air flow quantity as shown. When this
loop is disabled, the mininmmoutside air danper shall be cl osed.

Econoni zer Danper Control:

(1) Wen this loop is enabled, and the Econonizer is ON as deternined
by the Economni zer Enable Logic, the DDC Hardware shall nodul ate
t he econoni zer outside air, relief, and return air danpers
(Economi zer danpers) to nmmintain zone tenperature (ZN-T) at
setpoint (ZN-T-SP) as shown.

(2) Wen this loop is disabled, or the Econonizer is OFF as
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determi ned by the Econom zer Enable Logic, the econonizer outside
air and relief air danpers shall be closed, and the return air
danmper shall be open.

(3) Econonizer Enable Logic. The econonizer shall be ON when the
outside air dry bulb tenperature is between the high lint
(ECO-HL-SP) and low limt (ECO LL-SP) setpoints as shown. The
Econom zer shall otherw se be OFF. ECO HL-SP and ECO LL-SP shal l
each have a 1 degree C 2 degrees F deadband.

g. Dual Temperature Coil Control

(1) Wen this loop is enabled, the DDC Hardware shall select heating
or cooling nmode based on a pi pe-nmount ed dual -tenperature supply
wat er sensor. A single sensor may be used for nultiple instances
of this sequence.

(2) The DDC Hardware shall nodulate the coil control valve in
sequence with the econoni zer danpers as shown to maintain zone
tenperature (ZN-T) at setpoint (ZN T-SP) as shown.

(3) Wen this loop is disabled, the control valve shall be closed.

3.4.3.5 Single Zone with Heating and Cooling Coils and Return Air Bypass

Rk Rk kIR Rk S S O e S S S AR Rk R O R Rk Ik kS I O R SRR o

NOTE:
1) Edit the sequence and draw ngs as necessary for
systens with/w thout a preheat coil, econonizer, and

other project specific control |oop requirenents.

2) Coordi nate the enabl e/ di sabl e of the cooling coi
2-position valve with the chilled water source. |If
it is froma local chiller define and share the
enabling signal that turns on the chiller and opens
the 2-position valve. Do not use a DX unit in place
of the chilled water cooling coil

3) Mnimmoutside air flow control can be
acconpl i shed several different ways. Refer to the
UFC, but don't use flow neasurenent in a constant
vol unme system

4) The inclusion of filter pressure sw tches should
be coordinated with the local G&M staff. Pressure
swi tches may not be desired/ needed, particularly if
filters are replaced on a regular schedule. Edit
the Points Schedule and Control Schematic as
required.

5) Indicate the System Schedul er and M&C Sof t war e
Cccupancy Schedul e on the Qccupancy Schedul e

drawi ng. The designer needs to coordi nate System
Schedul er (occupancy node deternination) with space
occupancy sensor input and pushbutton override
switch input use. As described in the System
Schedul er sequence, 'occupied inputs fromtwo

di fferent spaces are required to hel p avoi d needl ess
turning on of the system (due to cleaning staff or
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security staff passing through after hours).

6) Absence of fan proof(s) or activation of any
safety will result in systemshutdown. The system
remai ns shutdown until nanually reset devices are
reset and a manual reset button (RST-BUT), local to
the DDC controller, is pressed. Reset could also be
performed froma workstation (via SNVT) or |oca

di splay panel (LDP). It is recomended that you
coordinate the decision with the | ocal O&M staff.
Edit the Control Logic Diagram and Points Schedul e
to indicate which reset nethod is to to be provided
by the Contractor

7) The hardware (product) specification requires

that the lowlimt (freezestat) device include a
manual reset at the device. |In the event of

shutdown due to freeze stat trip the systemwl|
remai n shutdown until the device is reset and a
separate DDC reset, as described above, is al so used.

8) Snoke control is not addressed in this guide
specification. Snoke control sequence of operation
for each fan system if beyond the requirenents
described, will be devel oped by the designer, based
on the requirenents and paraneters of the project.
The designer will account for operation of danpers
and fans for pressurization and manual override of
interlocks to the fire alarmsystem Al autonatic
overrides of normal HVAC control sequences will be
activated through the fire protection and snoke
control interface panel that the designer will
design for the project. Wth the present contro
sequence, in the event of shutdown due to snoke
detector input the systemw |l renain shutdown unti
the snoke detector is reset and a separate DDC
reset, as described above, is also used. The Fire
Al arm Panel (FAP) input takes precedence over any
DDC input to force the fan(s) to run

IR R R R R R RS EEEEEREEEEEEREEEREEEREREEEREEEREEEREEEREEEEREEEEEEEEEEEEEREEEEEEREEEEEERS

Contractor shall install DDC hardware to performthis Sequence of Operation
and to provide SNVT inputs, outputs and al arns as specified and shown on
the Points Schedule. Unless otherw se specified, all nodulating contro
shal | be proportional-integral (Pl) control.

a. HAND OFF- AUTO switch: Supply fan notor starter shall accept a Fire
Al arm Panel (FAP) signal that takes precedence over all other starter
inputs and swi tches and shall start the fan. The fan notor starter
shal | accept an occupant accessibl e energency shutoff switch as shown.
The supply fan nmotor starter shall have an H O A switch

(1) HAND: Wth the HO A switch in HAND position, the supply fan
shal |l start and run continuously, subject to Safeties.

(2) OFF: Wth the HO A switch in OFF position, the supply fan shal
st op.

(3) AUTO Wth the HO A switch in AUTO position, the supply fan
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shall run subject to the Supply Fan Start/Stop (SF-SS) conmand and
Saf eti es.

Cccupancy Modes: The system shall obtain its Occupancy Mode i nput from
t he System Schedul er as specified and shown. The system shall operate
in one of the follow ng nodes: Cccupied, Unoccupied[, or

War mp/ Cool Down] .

System Enabl e and Loop Enabl e:

(1) GCccupied Mde: The supply fan shall be enabl ed (SYS-ENA) and
commanded to run (SF-SS) and all control |oops shall be enabl ed.

(2) Unoccupi ed node: While the building tenperature (BLDG T) is above
set point (BLDG T-LL-SP) all control |oops shall be disabled and
the supply fan shall not run. Wien BLDG T drops bel ow
BLDG T-LL-SP (with a 3 degrees C 5 degrees F deadband) the supply
fan shall be enabl ed (SYS-ENA) and conmmanded to run (SF-SS) and
the Heating Coil Tenperature Control |oop shall be enabled. All
other control |oops shall be disabled.

[(3) Warm Up / Cool Down Mode: The supply fan shall be enabl ed
(SYS-ENA) and conmanded to run (SF-SS). The Mninum Qutside Air
Fl ow Control |oop shall be disabled and all other control |oops
shal | be enabl ed. ]

Proofs and Safeties:

(1) The supply fan and all DDC Hardware control |oops shall be
subject to Proofs and Safeties. Safeties shall be direct-hardwire
interlocked to the fan starter circuit as shown. DDC Hardware
shall nmonitor all proofs and safeties and failure of any proof or
activation of any safety shall result in all control |oops being
di sabl ed and the AHU fan bei ng conmanded of f until reset.

(2) Proofs: Supply fan status (proof) (SF-9S)
(3) Safeties:

(a) Heating coil discharge air tenperature lowlinit (freezestat)
(HTG DA-T-LL)

(b) Supply air snmoke (SA- SWK)
(c) Return air smoke (RA-SWK)

(4) DDC Hardware reset of all proofs and safeties shall be via a
| ocal binary push-button (RST-BUT) input to the DDC Hardware, via
a remote conmand to the DDC Hardware via SNVT or both (where the
Contractor provides both reset functions and the operator can use
either one to performthe reset), as shown on the Points Schedul e
dr awi ng.

€. Mninmum Qutside Air Flow Control: Wen this loop is enabled the DDC

Har dwar e shall open the 2-position mninum outside air danper to

i ntroduce the mninumoutside air flow quantity as shown. When this

| oop is disabled, the mninumoutside air danper shall be cl osed.

Econoni zer Danper Control:
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(1) Wen this loop is enabled, and the Economizer is ON as deterni ned
by the Econom zer Enable Logic, the DDC Hardware shall nodul ate
the economi zer outside air, return air, [and relief air danpers]
(Econoni zer danpers) in sequence with the bypass and supply
danpers and the heating coil control valve as shown to nmintain
zone tenperature (ZN-T) at setpoint (ZNT-SP) as shown.

(2) Wen this loop is disabled, or the Economnizer is OFF as
determ ned by the Econom zer Enable Logic, the econon zer outside
air and relief air danpers shall be closed, and the return air
danmper shall be open.

(3) Econonizer Enable Logic. The econonizer shall be ON when the
outside air dry bulb tenmperature is between the high linmt
(ECO-HL-SP) and low limt (ECO LL-SP) setpoints as shown. The
Econoni zer shall otherw se be OFF. ECO HL-SP and ECO- LL- SP shal
each have a 1 degree C 2 degrees F deadband.

g. Heating Coil Control: Wen this |l oop is enabled the DDC Hardware shal
nmodul ate the heating coil control valve in sequence with the bypass and
supply danpers and the econom zer danpers as shown to mmintain zone
tenperature (ZN-T) at setpoint (ZN-T-SP) as shown. When this loop is
di sabl ed, the heating coil control valve shall be closed.

h. Cooling Coil Control: Wen this |loop is enabled the DDC Hardware shal
open the 2-position cooling coil control valve. Wen this loop is
di sabl ed, the 2-position cooling coil control valve shall be closed.

i. Bypass and Supply Air Danper Control: Wen this |oop is enabled the DDC
Har dwar e shall nodul ate the bypass and supply air danpers in sequence
with the heating coil control valve and the Econom zer danpers as shown
to maintain zone tenperature (ZN-T) at setpoint (ZNT-SP) as shown.
When this loop is disabled the bypass danper shall be closed and supply
ai r danper open.

3.4.3.6 Single Zone with Hunidity Contro

Rk Rk kR IR R R I kO e O O R AR R R R Rk kO I R R I O S R Rk o

NOTE:

1) Edit the sequence and draw ngs as necessary for
systens with/w thout a preheat coil and ot her
project specific control |oop requirenents.

2) The inclusion of filter pressure swtches should
be coordinated with the local C&M staff. Pressure
swi tches may not be desired/ needed, particularly if
filters are replaced on a regular schedule. Edit

t he Points Schedul e and Control Schenatic as
required.

3) Indicate the System Schedul er and M&C Sof t war e
Cccupancy Schedul e on the Qccupancy Schedul e

drawi ng. The designer needs to coordi nate System
Schedul er (occupancy node determi nation) with space
occupancy sensor input and pushbutton override
switch input use. As described in the System
Schedul er sequence, 'occupied inputs from?2

di fferent spaces are required to hel p avoi d needl ess
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turning on of the system (due to cleaning staff or
security staff passing through after hours).

3) Absence of fan proof(s) or activation of any
safety will result in systemshutdown. The system
remai ns shutdown until nanually reset devices are
reset and a manual reset button (RST-BUT), local to
the DDC controller, is pressed. Reset could also be
performed froma workstation (via SNVT) or |oca

di splay panel (LDP). It is recomended that you
coordinate the decision with the | ocal O&M staff.
Edit the Control Logic Diagram and Points Schedul e
to indicate which reset nethod is to to be provided
by the Contractor.

4) The hardware (product) specification requires

that the lowlinmt (freezestat) device include a
manual reset at the device. |In the event of

shutdown due to freeze stat trip the systemwl|
remai n shutdown until the device is reset and a
separate DDC reset, as described above, is al so used.

5) Snoke control is not addressed in this guide
specification. Snoke control sequence of operation
for each fan system if beyond the requirenents
described, will be devel oped by the designer, based
on the requirenents and paraneters of the project.
The designer will account for operation of danpers
and fans for pressurization and manual override of
interlocks to the fire alarmsystem Al autonatic
overrides of normal HVAC control sequences will be
activated through the fire protection and snoke
control interface panel that the designer will
design for the project. Wth the present contro
sequence, in the event of shutdown due to snoke
detector input the systemw Il renain shutdown unti
the snoke detector is reset and a separate DDC
reset, as described above, is also used. The Fire
Al arm Panel (FAP) input takes precedence over any
DDC input to force the fan(s) to run

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

Contractor shall install DDC hardware to performthis Sequence of Operation
and to provide SNVT inputs, outputs and al arns as specified and shown on
the Points Schedule. Unless otherw se specified, all nodulating contro
shal |l be proportional-integral (Pl) control.

a . HAND OFF- AUTO switch: Supply fan notor starter shall accept a Fire
Al arm Panel (FAP) signal that takes precedence over all other starter
i nputs and switches and shall start the fan. The fan notor starter
shal | accept an occupant accessibl e energency shutoff switch as shown.
The supply fan notor starter shall have an H O A switch

(1) HAND: Wth the HO A switch in HAND position, the supply fan
shall start and run continuously, subject to Safeties.

(2) OFF: Wth the HO A switch in OFF position, the supply fan shal
st op.
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(3) AUTG Wth the HO A switch in AUTO position, the supply fan
shall run subject to the Supply Fan Start/Stop (SF-SS)conmmand and
Saf eti es.

CQccupancy Modes: The system shall obtain its Occupancy Mode i nput from
t he System Schedul er as specified and shown. The system shall operate
in one of the follow ng nodes: GCccupi ed, Unoccupied[, or

War niJp/ Cool Down] .

System Enabl e and Loop Enabl e:

(1) O ccupied Mdde: The supply fan shall be enabled (SYS-ENA) and
commanded to run (SF-SS) and all control |oops shall be enabl ed.

(2) Unoccupi ed node: While the building tenmperature (BLDG T) is above
setpoint (BLDG T-LL-SP) all control |oops shall be disabled and
the supply fan shall not run. Wien BLDG T drops bel ow
BLDG T-LL-SP (with a 3 degrees C 5 degrees F deadband) the supply
fan shall be enabl ed (SYS-ENA) and conmanded to run (SF-SS), the
Preheat Coil Control |oop and Reheat Coil Control |oop shall be
enabl ed and all other |oops shall be disabled.

[(3) Warm Up / Cool Down Mode: The supply fan shall be enabl ed
(SYS-ENA) and conmanded to run (SF-SS). The Mninum Qutside Air
Fl ow Control |oop shall be disabled and all other control | oops
shal | be enabl ed. ]

Proof s and Safeties

(1) The supply fan and all DDC Hardware control |oops shall be
subject to Proofs and Safeties. Safeties shall be direct-hardwire
interlocked to the fan starter circuit as shown. DDC Hardware
shall nmonitor all proofs and safeties and failure of any proof or
activation of any safety shall result in all control |oops being
di sabl ed and the AHU fan bei ng conmanded of f until reset.

(2) Proofs: Supply fan status (proof) (SF-S)
(3) Safeties:

(a) Preheat coil discharge air tenperature lowlimt
(freezestat) (PH DA-T-LL)

(b) Supply air smoke (SA- SWK)
(c) Return air snoke (RA-SWK)

(4) DDC Hardware reset of all proofs and safeties shall be via a
| ocal binary push-button (RST-BUT) input to the DDC Hardware, via
a renote comand to the DDC Hardware via SNVT or both (where the
Contractor provides both reset functions and the operator can use
either one to performthe reset), as shown on the Points Schedul e
dr awi ng.

M ni mum Qut side Air Flow Control: Wen this |oop is enabled the DDC
Har dwar e shall open the 2-position mninumoutside air danper to
i ntroduce the mninumoutside air flow quantity as shown. When this
| oop is disabled, the mninumoutside air danper shall be closed.
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f. Preheat Coil Control Loop: Wen this loop is enabled the DDC Har dware
shal | nodul ate the preheat coil valve to maintain the preheat coi
di scharge air tenperature (PHT) at setpoint (PH T-SP) as shown. When
this loop is disabled, the preheat coil valve shall be closed.

g. Cooling-and-Dehunidification Coil Control: Wen this |oop is enabled
t he DDC Hardware shall nodul ate the cooling and dehum di fication valve
to maintain either the zone tenperature (ZN-T) at setpoint (ZN T-SP) or
zone relative humdity (ZN-RH) at setpoint (ZN-RH SP), whichever calls
for nore chilled water flow. The valve shall be nodul ated in sequence
with the reheat valve and hum dification valve as shown to avoid
si mul t aneous cool i ng and reheating, and sinultaneous dehum dification
and humidification. Wen this [oop is disabled, the coil valve shal
be cl osed.

h. Reheat Coil Control: When this loop is enabled the DDC Hardware shal
nodul ate the reheat coil valve to maintain the zone tenperature (ZN-T)
at setpoint (ZN-T-SP) as shown. The valve shall be nodulated in
sequence with the cooling-and-dehum dification valve as shown to avoid
si mul t aneous cooling and reheating. When this loop is disabled, the
coil valve shall be closed.

i. Humidification Control: Wen this loop is enabl ed the DDC Har dwar e
shal |l nodulate the humidifier valve to maintain zone relative hunmdity
(ZN-RH) at setpoint (ZN-RHSP). The valve shall be nodulated in
sequence with the cooling-and-dehum dification valve as shown to avoid
si mul t aneous dehumi dification and humdification. Wen the supply air
duct humidity (SA-RH) rises above 80% relative humdity, the humdifier
val ve shall begin to nodul ate towards cl osed and shall, under
proportional control, continue to gradually nove towards cl osed unti
the supply air duct hunidity reaches 90%relative humidity, at which
point the hum difier valve shall be fully closed. When this loop is
di sabl ed, the humi difier valve shall be cl osed.

3.4.3.7 Mul tizone [Dual -Duct] [with][wi thout] Return Fan
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NOTE:

1) The sequence is identical for a Dual - Duct
system You need only change hot/cold deck to
hot/col d duct.

2) Edit the sequence and drawi ngs as necessary for
systems with/without a return fan, preheat coil
economni zer, and other project specific control |oop
requirenents.

3) Choose whether or not to require setpoint reset
of the hot deck tenperature setpoint, and whether
the reset should be based on Qutside Air Tenperature
or Col dest Zone Tenperature. Edit the contro
schenmatic drawing to show the reset paraneters.

4) M ninmmoutside air flow control can be
acconpl i shed several different ways. Refer to the
UFC, but don't use flow measurenent in a constant
vol unme system
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5) The inclusion of filter pressure swtches should
be coordinated with the local G&M staff. Pressure
swi tches may not be desired/ needed, particularly if
filters are replaced on a regular schedule. Edit
the Points Schedule and Control Schematic as
required.

6) Indicate the System Schedul er and M&C Sof t war e
Cccupancy Schedul e on the Occupancy Schedul e

drawi ng. The designer needs to coordi nate System
Schedul er (occupancy node deternination) with space
occupancy sensor input and pushbutton override
switch input use. As described in the System
Schedul er sequence, 'occupied inputs from?2

di fferent spaces are required to hel p avoi d needl ess
turning on of the system (due to cleaning staff or
security staff passing through after hours).

7) Absence of fan proof(s) or activation of any
safety will result in systemshutdown. The system
remai ns shutdown until nmanually reset devices are
reset and a manual reset button (RST-BUT), local to
the DDC controller, is pressed. Reset could also be
performed froma workstation (via SNVT) or |oca

di spl ay panel (LDP). It is recommended that you
coordi nate the decision with the [ ocal O&M staff.
Edit the Control Logic Di agram and Points Schedul e
to indicate which reset nethod is to to be provided
by the Contractor

8) The hardware (product) specification requires

that the lowlimt (freezestat) device include a
manual reset at the device. |In the event of

shutdown due to freeze stat trip the systemwl|
remai n shutdown until the device is reset and a
separate DDC reset, as described above, is also used.

9) Snoke control is not addressed in this guide
specification. Snoke control sequence of operation
for each fan system if beyond the requirenents
described, will be devel oped by the designer, based
on the requirenents and paraneters of the project.
The designer will account for operation of danpers
and fans for pressurization and manual override of
interlocks to the fire alarmsystem Al autonatic
overrides of normal HVAC control sequences will be
activated through the fire protection and snoke
control interface panel that the designer will
design for the project. Wth the present contro
sequence, in the event of shutdown due to snoke
detector input the systemw Il remain shutdown unti
the snoke detector is reset and a separate DDC
reset, as described above, is also used. The Fire
Al arm Panel (FAP) input takes precedence over any

DDC i nput to force the fan(s) to run
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Contractor shall install DDC hardware to performthis Sequence of Qperation
and to provide SNVT inputs, outputs and alarns as specified and shown on
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the Points Schedule. Unless otherw se specified, all mnodul ating control
shal | be proportional-integral (Pl) control.

a.

HAND- OFF- AUTO swi t ches:

Supply fan nmotor starter shall accept a Fire A arm Panel (FAP) signal
t hat takes precedence over all other starter inputs and sw tches and
shall start the fan. The fan notor starter shall accept an occupant
accessi bl e energency shutoff switch as shown. The supply fan notor
starter shall have an H O A switch:

(1) HAND: Wth the HO A switch in HAND position, the supply fan
shal |l start and run continuously, subject to Safeties.

(2) OFF: Wth the HO A switch in OFF position, the supply fan shall
st op.

(3) AUTO Wth the HO A switch in AUTO position, the supply fan
shall ru n subject to the Supply Fan Start/Stop (SF-SS)conmand and
Saf eti es.

[Return fan nmotor starter shall accept a Fire Al arm Panel (FAP) signal
that takes precedence over all other starter inputs and sw tches shall
start the fan. The return fan notor starter shall have an H O A switch:

(1) HAND: Wth the HO A switch in HAND position, the return fan
shall run subject to Safeties.

(2) OFF. Wth the HO A switch in OFF position, the return fan shall
be off.

(3) AUTO Wth the HO A switch in AUTO position, the return fan
shall run subject to the supply fan running.]

Cccupancy Modes: The system shall obtain its Occupancy Mode input from
t he System Schedul er as specified and shown. The system shall operate
in one of the follow ng nodes: Cccupied, Unoccupied[, or

War mp/ Cool Down] .

System Enabl e and Loop Enabl e:

(1) GCccupied Mde: The supply fan shall be enabl ed (SYS-ENA) and
commanded to run (SF-SS). Al control |oops shall be enabl ed.
The Zone Tenperature Control |oops serviced by the AHU shall al so
be enabl ed.

(2) Unoccupi ed node: While the building tenperature (BLDG T) is above
setpoint (BLDG T-LL-SP) all control |oops shall be disabled and
the supply fan shall not run. Wen BLDG T drops bel ow
BLDG T-LL-SP (with a 3 degrees C 5 degrees F deadband) the supply
fan shall be enabl ed (SYS-ENA) and conmanded to run (SF-SS), the
Hot Deck Coil Control |oop and all Zone Tenperature Control | oops
shal | be enabled, and all other control |oops shall be disabl ed.

[(3) Warm Up / Cool Down Mode: The supply fan shall be enabl ed
(SYS-ENA) and commanded to run (SF-SS). The M ninum Qutside Air
Fl ow Control |oop shall be disabled and all control |oops shall be
enabl ed. The Zone Tenperature Control |oops serviced by the AHU
shal | al so be enabl ed. ]
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Proofs and Safeties:

(1) The supply fan[, return fan,] and all DDC Hardware control | oops
shal | be subject to Proofs and Safeties. Safeties shall be
direct-hardwire interlocked to the fan starter circuit as shown.
DDC Hardware shall nonitor all proofs and safeties and failure of
any proof or activation of any safety shall result in all control
| oops being disabled and the AHU fan bei ng commanded of f until
reset.

(2) Proofs:
(a) Supply fan status (proof) (SF-S)
(b) Return fan status (proof) (RF-9)]
(3) Safeties:
(a) Mxed air tenperature lowlimt (freeze stat) (MA-T-LL)
(b) Supply air snmoke (SA-SMWK)
(c) Return air snmoke (RA-SMW)]

(4) DDC Hardware reset of all proofs and safeties shall be via a | ocal
bi nary push-button (RST-BUT) input to the DDC Hardware, via a
renote comand to the DDC Hardware via SNVT or both (where the
Contractor provides both reset functions and the operator can use
either one to performthe reset), as shown on the Points Schedul e
dr awi ng.

M ni mum Qut side Air Flow Control: Wen this |oop is enabled the DDC
Har dwar e shall open the 2-position mninumoutside air danper to

i ntroduce the mninumoutside air follow quantity as shown. Wen this
| oop is disabled, the mininumoutside air danper shall be closed.

M xed Air Tenperature Control Wth Econom zer:

(1) Wen this loop is enabled, and the Economnizer is ON as deterni ned
by the Economi zer Enable Logic, the DDC Hardware shall nodul ate
the econonizer outside air, relief, and return air danpers to
mai ntain the mxed air tenperature (MA-T) at setpoint (MA-T-SP) as
shown.

(2) Wen this loop is disabled, or the Economnizer is OFF as
determ ned by the Econom zer Enable Logic, the econon zer outside
air and relief air danpers shall be closed, and the return air
danper shall be open.

(3) Econonizer Enable Logic. The econonizer shall be ON when the
outside air dry bulb tenperature is between the high limt
(ECO-HL-SP) and low limt (ECO LL-SP) setpoints as shown. The
Econoni zer shall otherw se be OFF. ECO HL- SP and ECO- LL-SP shall
each have a 1 degree C 2 degrees F deadband.

Hot Deck Coil Control:

(1) Wen this loop is enabled the DDC Hardware shall nodul ate the hot
deck heating coil valve to maintain the hot deck tenperature
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(HD-T) at setpoint (HD-T-SP) as shown. Wen this loop is
di sabl ed, the hot deck coil valve shall be closed.

[ (2) The DDC Hardware shall reset the hot deck tenperature setpoint
(HD-T-SP) using a linear reset schedule as shown. Reset of the
setpoint (HD-T-SP) shall be based on [Qutside Air Tenperature]

[ Col dest Zone Tenperature].]

h. Cold Deck Coil Control: Wen this |oop is enabled the DDC Hardware
shal |l nodul ate the cold deck cooling coil valve to maintain the cold
deck tenperature (CD-T) at setpoint (CD T-SP) as shown. Wen this |oop
is disabled, the cold deck cooling coil valve shall be closed.

i. Zone Tenmperature Control:

(1) The zone tenperature setpoint (ZN-T-SP) shall be at the
configured setpoint or at the occupant-adjustable setpoint via the
wal | - mount ed t hernostat, as shown.

(2) The DDC Hardware shall nodul ate the hot deck and cold deck
danpers to maintain zone tenperature (ZN-T) at setpoint
(ZN-T-SP). Sequencing shall be as shown: Upon a rise in zone
tenperature above zone tenperature setpoint the zone cold deck
danmper shall nodul ate towards open as the hot deck danper
nodul ates towards closed. Upon a fall in zone tenperature bel ow
zone tenperature setpoint the hot deck danper shall nodul ate
towar ds open as the cold deck danper nodul ates towards cl osed.

3.4.3.8 Mul tizone with Hot Deck Bypass [with][wi thout] Return Fan

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

NOTE:

1) NOTE: Edit the sequence and draw ngs as necessary
for systens with/without a return fan, preheat coil
econoni zer, and other project specific control |oop
requirenents.

2) Mnimmoutside air flow control can be
acconpl i shed several different ways. Refer to the
UFC, but don't use flow neasurenent in a constant
vol unme system

3) The inclusion of filter pressure swtches should
be coordinated with the local G&M staff. Pressure
swi tches may not be desired/ needed, particularly if
filters are replaced on a regular schedule. Edit
the Points Schedule and Control Schematic as
required.

4) Indicate the System Schedul er and M&C Sof t war e
Cccupancy Schedul e on the Occupancy Schedul e

drawi ng. The designer needs to coordi nate System
Schedul er (occupancy node deternination) with space
occupancy sensor input and pushbutton override
switch input use. As described in the System
Schedul er sequence, 'occupied inputs from?2

di fferent spaces are required to hel p avoi d needl ess
turning on of the system (due to cleaning staff or
security staff passing through after hours).
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5) Absence of fan proof(s) or activation of any
safety will result in systemshutdown. The system
remai ns shutdown until nanually reset devices are
reset and a manual reset button (RST-BUT), local to
the DDC controller, is pressed. Reset could also be
performed froma workstation (via SNVT) or |oca

di splay panel (LDP). It is recomended that you
coordi nate the decision with the [ ocal O&M staff.
Edit the Control Logic Diagram and Points Schedul e
to indicate which reset nethod is to to be provided
by the Contractor

6) The hardware (product) specification requires
that the lowlimt (freezestat) device include a
manual reset at the device. |In the event of
shutdown due to freeze stat trip the systemwl|l
remai n shutdown until the device is reset and a
separate DDC reset, as described above, is al so used.

7) Snoke control is not addressed in this guide
specification. Snoke control sequence of operation
for each fan system if beyond the requirenents
described, will be devel oped by the designer, based
on the requirenents and paraneters of the project.
The designer will account for operation of danpers
and fans for pressurization and manual override of
interlocks to the fire alarmsystem Al automatic
overrides of normal HVAC control sequences will be
activated through the fire protection and snoke
control interface panel that the designer wll
design for the project. Wth the present contro
sequence, in the event of shutdown due to snoke
detector input the systemw Il renmain shutdown unti
the snoke detector is reset and a separate DDC
reset, as described above, is also used. The Fire
Al arm Panel (FAP) input takes precedence over any
DDC input to force the fan(s) to run

Rk Rk kR IR R R I kO e O O R AR R R R Rk kO I R R I O S R Rk o

Contractor shall install DDC hardware to performthis Sequence of Operation
and to provide SNVT inputs, outputs and alarns as specified and shown on
the Points Schedule. Unless otherw se specified, all nodulating contro
shal | be proportional-integral (Pl) control.

a. HAND OFF- AUTO swi t ches:
Supply fan nmotor starter shall accept a Fire Al arm Panel (FAP) signa
that takes precedence over all other starter inputs and sw tches and
shall start the fan. The fan notor starter shall accept an occupant
accessi bl e energency shutoff switch as shown. The supply fan notor
starter shall have an H O A switch:

(1) HAND: Wth the HO A switch in HAND position, the supply fan
shal |l start and run continuously, subject to Safeties.

(2) OFF: Wth the HO A switch in OFF position, the supply fan shal
st op.

(3) AUTO Wth the HO A switch in AUTO position, the supply fan
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shall run subject to the Supply Fan Start/Stop (SF-SS)command and
Saf eti es.

Return fan notor starter shall accept a Fire A arm Panel (FAP) signal
that takes precedence over all other starter inputs and sw tches shall
start the fan. The return fan notor starter shall have an H O A switch:

(1) HAND: Wth the HO A switch in HAND position, the return fan
shall run subject to Safeties.

(2) OFF: Wth the HO A switch in OFF position, the return fan shall
be off.

(3) AUTO Wth the HO A switch in AUTO position, the return fan
shall run subject to the supply fan running.]

CQccupancy Modes: The system shall obtain its Occupancy Mode input from
t he System Schedul er as specified and shown. The system shall operate
in one of the follow ng nodes: GCccupi ed, Unoccupied[, or

War niJp/ Cool Down] .

System Enabl e and Loop Enabl e:

(1) GCccupied Mde: The supply fan shall be enabl ed (SYS-ENA) and
commanded to run (SF-SS). Al control |oops shall be enabl ed.
The Zone Tenperature Control |oops serviced by the AHU shall al so
be enabl ed.

(2) Unoccupi ed node: While the building tenperature (BLDG T) is above
setpoint (BLDG T-LL-SP) all control |oops shall be disabled and
the supply fan shall not run. Wen BLDG T drops bel ow
BLDG T-LL-SP (with a 3 degrees C 5 degrees F deadband) the supply
fan shall be enabl ed (SYS-ENA) and conmanded to run (SF-SS), and
all Zone Tenperature Control |oops shall be enabled. The M ninmum
Qutside Air Flow Control, Mxed Air Tenperature Control Wth
Econom zer, and Cold Deck Coil Control |oops shall be disabled.

[(3) Warm Up / Cool Down Mode: The supply fan shall be enabl ed
(SYS-ENA) and commanded to run (SF-SS). The M ninum Qutside Air
Fl ow Control |oop shall be disabled and all other control |oops
shal | be enabled. The Zone Tenperature Control |oops serviced by
the AHU shall al so be enabl ed.]

Proofs and Safeties:

(1) The supply fan[, return fan,] and all DDC Hardware control | oops
shal | be subject to Proofs and Safeties. Safeties shall be
direct-hardwire interlocked to the fan starter circuit as shown.
DDC Hardware shall nonitor all proofs and safeties and failure of
any proof or activation of any safety shall result in all control
| oops being disabled and the AHU fan bei ng commanded of f until
reset.

(2) Proofs:
(a) Supply fan status (proof) (SF-9S)

(b) Return fan status (proof) (RF-9)]
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(3) Safeties:
(a) Mxed air tenperature lowlimt (freeze stat) (MA-T-LL)
(b) Supply air snmoke (SA-SMWK)
(c¢) Return air snmoke (RA-SM)]

(4) DDC Hardware reset of all proofs and safeties shall be via a
| ocal binary push-button (RST-BUT) input to the DDC Hardware, via
a renote comand to the DDC Hardware via SNVT or both (where the
Contractor provides both reset functions and the operator can use
either one to performthe reset), as shown on the Points Schedul e
dr awi ng.

€. Mninmum Qutside Air Flow Control: Wen this loop is enabled the DDC
Har dwar e shall open the 2-position mninumoutside air danper to
i ntroduce the mninumoutside air follow quantity as shown. \Wen this
loop is disabled, the mininmmoutside air danper shall be cl osed.

f. Mxed Air Tenperature Control Wth Econom zer

(1) Wen this loop is enabled, and the Econonizer is ON as deternined
by the Economi zer Enable Logic, the DDC Hardware shall nodul ate
the econonizer outside air, relief, and return air danpers to
mai ntain the mxed air tenperature (MA-T) at setpoint (MA-T-SP) as
shown.

(2) Wen this loop is disabled, or the Econonizer is OFF as
determi ned by the Econom zer Enable Logic, the econonizer outside
air and relief air danpers shall be closed, and the return air
danmper shall be open.

(3) Econonizer Enable Logic. The econonizer shall be ON when the
outside air dry bulb tenperature is between the high linit
(ECOHL-SP) and low limt (ECO LL-SP) setpoints as shown. The
Econom zer shall otherw se be OFF. ECO HL-SP and ECO LL-SP shal
each have a 1 degree C 2 degrees F deadband.

g. Cold Deck Coil Control: When this loop is enabled the DDC Hardware shal
nodul ate the cooling coil valve to maintain the cold deck supply air
tenperature (SA-T) at setpoint (SA-T-SP) as shown. Wien this loop is
di sabl ed, the cooling coil valve shall be closed.

h. Zone Tenperature Control: The Zone Tenperature Control |oops shal
al ways be enabl ed.

(1) The zone tenperature setpoint (ZN-T-SP) shall be at the
configured setpoint or at the occupant-adjustable setpoint via the
wal | -mount ed thernostat, as shown.

(2) The DDC Hardware shall nobdul ate the zone bypass and col d deck
danpers, and the zone reheat coil valve to naintain zone
tenperature (ZN-T) at setpoint (ZN-T-SP). Sequencing shall be as
shown: Upon a rise in zone tenperature above zone tenperature
set point, subject to the zone tenperature setpoint deadband as
shown, the zone cold deck danper shall nodul ate towards open as
t he bypass deck danper nodul ates towards closed. Upon a fall in
zone tenperature bel ow zone tenperature setpoint, subject to the
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deadband as shown, the bypass danper shall be full open and the
zone heating val ve shall nodul ate towards open

3.4.3.9 Variable Air Volunme System|[with][w thout] Return Fan

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

NOTE:

1) Edit the sequence and draw ngs as necessary for
systems with/without a return fan, preheat coil
econoni zer, and other project specific control |oop
requirenents.

2) Mninmumoutside air flow control can be
acconpl i shed several different ways. Refer to the
UFC.

3) The inclusion of filter pressure switches should
be coordinated with the local C&M staff. Pressure
swi tches may not be desired/ needed, particularly if
filters are replaced on a regul ar schedule. Edit
the Points Schedul e and Control Schematic as
required.

4) This spec does not include a variable frequency
drive (VFD) specification. Specify a VFD that neets
the requirenents of the control sequence including
the integral HO A and a safety shutdown input
circuit that is separate fromthe start/stop input
circuit and Fire Alarm Panel (FAP) override switch

5) Indicate the System Schedul er and M&C Sof t war e
Cccupancy Schedul e on the Occupancy Schedul e

drawi ng. The designer needs to coordi nate System
Schedul er (occupancy node deternination) with space
occupancy sensor input and pushbutton override
switch input use. As described in the System
Schedul er sequence, 'occupied inputs from?2

di fferent spaces are required to hel p avoi d needl ess
turning on of the system (due to cleaning staff or
security staff passing through after hours).

6) Absence of fan proof(s) or activation of any
safety will result in systemshutdown. The system
remai ns shutdown until nmanually reset devices are
reset and a manual reset button (RST-BUT), local to
the DDC controller, is pressed. Reset could also be
performed froma workstation (via SNVT) or |oca

di splay panel (LDP). It is recomended that you
coordi nate the decision with the | ocal O&M staff.
Edit the Control Logic Di agram and Poi nts Schedul e
to indicate which reset nethod is to to be provided
by the Contractor

7) The hardware (product) specification requires

that the low linmt (freezestat) device include a
manual reset at the device. 1In the event of

shutdown due to freeze stat trip the systemwl|
remai n shutdown until the device is reset and a
separate DDC reset, as described above, is also used.
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8) Snoke control is not addressed in this guide
specification. Snoke control sequence of operation
for each fan system if beyond the requirenents
described, will be devel oped by the designer based
on the requirenents and paraneters of the project.
The designer will account for operation of danpers
and fans for pressurization and manual override of
interlocks to the fire alarmsystem Al autonatic
overrides of normal HVAC control sequences will be
activated through the fire protection and snoke
control interface panel that the designer will
design for the project. Wth the present contro
sequence, in the event of shutdown due to snoke
detector input the systemw Il remain shutdown unti
the snoke detector is reset and a separate DDC
reset, as described above, is also used. The Fire
Al arm Panel (FAP) input takes precedence over any
DDC i nput to force the fan(s) to run

Rk Ik Sk kR IR R R Ik O R R Rk Rk S R R R O O kS I O I S

Contractor shall install DDC hardware to performthis Sequence of Qperation
and to provide SNVT inputs, outputs and alarns as specified and shown on
the Points Schedule. Unless otherw se specified, all nodulating contro
shal | be proportional-integral (Pl) control.

a. HAND OFF- AUTO swi t ches:
Supply fan variable frequency drive (VFD) unit shall accept a Fire
Al arm Panel (FAP) signal that takes precedence over all other VFD
i nputs and switches and shall cause the VFD to run at 100% speed. The
VFD shal | accept an occupant accessible enmergency shutoff switch as
shown. The supply fan variable frequency drive (VFD) unit shall have
an integral HO A switch:

(1) HAND: Wth the HO A switch in HAND position, the supply fan
shall start and run continuously, subject to Safeties. Fan speed
shal | be under nanual - operator control

(2) OFF: Wth the HO A switch in OFF position, the supply fan shal
st op.

(3) AUTO Wth the HO A switch in AUTO position, the supply fan
shall run subject to the Supply Fan Start/Stop Signal (SF-SS) and
Safeties. Fan speed shall be under control of the DDC Har dware.

Return fan variable frequency drive (VFD) unit shall accept a Fire

Al arm Panel (FAP) signal that takes precedence over all other VFD

i nputs and switches and shall cause the VFD to run at 100% speed. The
return fan variable frequency drive (VFD) unit shall have an integra
H O A switch

(1) HAND. Wth the HO A switch in HAND position, the return fan shal
run subject to Safeties. Fan speed shall be under manual - operat or
control

(2) OFF: Wth the HO A switch in OFF position, the return fan shal
be off.

(3) AUTO Wth the HO A switch in AUTO position, the return fan
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shall run subject to the supply fan running. Fan speed shall be
under control of the DDC Hardware. ]

Cccupancy Modes: The system shall obtain its Occupancy Mode input from
t he System Schedul er as specified and shown. The system shall operate
in one of the follow ng nodes: Cccupied, Unoccupied[, or Warm Up/ Cool
Down] .

Proofs and Safeties:

(1) The supply fan[, return fan,] and all DDC Hardware control | oops
shal | be subject to Proofs and Safeties. Safeties shall be
direct-hardwire interlocked to the VFD as shown. DDC Hardware
shall nmonitor all proofs and safeties and failure of any proof or
activation of any safety shall result in all control |oops being
di sabl ed and the AHU fan bei ng conmanded off until reset.

(2) Proofs:
(a) Supply fan status (SF-9S)
(b) Return fan status (RF-9)]
(3) Safeties:

(a) Cooling coil discharge air tenperature lowlimt (freezestat)
(CLG DA-T-LL)

(b) Supply air duct pressure high limt (SA-P-HL)
(c) Supply air snmoke (SA- SMWK)
(d) Return air snmoke (RA-SMWK)

(4) DDC Hardware reset of all proofs and safeties shall be via a
| ocal binary push-button (RST-BUT) input to the DDC Hardware, via
a remote conmand to the DDC Hardware via SNVT or both (where the
Contractor provides both reset functions and the operator can use
either one to performthe reset), as shown on the Points Schedul e
dr awi ng.

System Enabl e and Loop Enabl e

(1) Gccupied node: The supply fan shall be enabl ed (SYS-ENA) and
commanded to run (SF-SS). Al control |oops shall be enabl ed.
The Zone Tenperature Control |oops for VAV boxes serviced by the
AHU shal | al so be enabl ed.

(2) Unoccupi ed node: While the building tenperature (BLDG T) is above
set point (BLDG T-LL-SP) all control |oops shall be disabled
(except fan-powered VAV box Zone Tenperature Control |oops) and
the supply fan shall not run. Wen BLDG T drops bel ow
BLDG T-LL-SP (with a 3 degrees C 5 degrees F deadband) the supply
fan shall be enabl ed (SYS-ENA) and conmanded to run (SF-SS), the
Supply Duct Static Pressure Control[, Return Fan Volunme Control ][,
Preheat Control] |oops shall be enabled. The M ninmm Qutside Air
Fl ow Control, M xed Air Tenperature Control, and Cooling Coil
Control |oops shall be disabl ed.
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[(3) Warm Up/ Cool Down: The supply fan shall be enabl ed (SYS-ENA) and
commanded to run (SF-SS). The Mninum Qutside Air Flow Contro
| oop shall be disabled and all other control |oops shall be
enabl ed. The Zone Tenperature Control |oops for VAV boxes
serviced by the AHU shall al so be enabl ed.]

Fan Capacity Control

(1) Supply Duct Static Pressure Control. When this loop is enabled
the DDC Hardware shall nodul ate the supply fan variable frequency
drive unit to nmaintain the duct static pressure (SA-P) at setpoint
(SA-P-SP) as shown, as neasured by the duct static pressure tap
and sensor as shown. Wien this loop is disabled, the DDC Hardware
capacity nodul ation output to the VFD shall be zero percent.

[(2) Return Fan Volunme Control. Wen this |oop is enabled the DDC
Har dwar e shall nodul ate the return fan variable frequency drive
unit to maintain a constant volunetric airflow difference at
setpoint (F-Dl FF-SP) as shown, as neasured by the airfl ow
nmeasurenent arrays located in the supply and return ducts as
shown. Wien this loop is disabled, the output to the VFD shall be
zero percent.]

M ni mum Qut side Air Flow Control: Wen this |oop is enabled the DDC
Har dwar e shal |l nodul ate the m ni num outside air danper to maintain the
m ni mum OA volunetric flow (M NOA-F) at setpoint (M NOA-F-SP) as
shown. \When this loop is disabled, the m ni mum outside air danper
shal | be cl osed.

M xed Air Tenperature Control Wth Economi zer

(1) Wen this loop is enabled, and the Economizer is ON as deterni ned
by the Economi zer Enable Logic, the DDC Hardware shall nodul ate
the econonizer outside air, relief, and return air danpers to
mai ntain the mxed air tenperature (MA-T) at setpoint (MA-T-SP) as
shown.

(2) Wen this loop is disabled, or the Econonizer is OFF as
determ ned by the Econom zer Enable Logic, the econom zer outside
air and relief air danpers shall be closed, and the return air
danper shall be open.

(3) Econonizer Enable Logic. The econonizer shall be ON when the
outside air dry bulb tenperature is between the high linmt
(ECOHL-SP) and low limt (ECO LL-SP) setpoints as shown. The
Econoni zer shall otherw se be OFF. ECO HL- SP and ECO- LL-SP shal |
each have a 1 degree C 2 degrees F deadband.

Cooling Coil Control: When this |oop is enabled the DDC Hardware shal
nodul ate the cooling coil valve to maintain the supply air tenperature
(SA-T) setpoint (SA-T-SP) as shown. Wen this loop is disabled, the
cooling coil valve shall be closed.

Preheat Coil Control: When this loop is enabled the DDC Hardware shal
nodul ate the preheat coil valve to maintain the preheat coil discharge
air tenperature (PHDA-T) at setpoint (PH DA-T-SP) as shown. Wen this
| oop is disabled, the preheat coil valve shall be closed.]
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3.4. 4

Sequences of Qperation for Termnal Units

Rk bk bk A IR R R Sk O O S R S AR R Rk O o O IR Ik S I S b R R

NOTE: For the VAV Box Sequences:

1) Show the

occupancy schedul e (days/tines) on the

Cccupancy Schedul e drawing. For sinplicity, it is

r econmended

that all boxes, served by a common air

handl er, operate on the sane schedul e.

2) Space occupancy input(s) nmay consist of an
occupancy sensor and/or a |ocal push-button
I ndicate the use of a sensor and/or push-button by

pl aci ng an '

X in the 'Thernostat and Qccupancy

Sensor Schedule'. |If a push-button is used, show
the override time duration in the Schedule. The
occupancy sensor specification requires a 15 mnute

of f - node del

ay prior to leaving the occupi ed node.

If adifferent tine is desired, showit in the
t hernostat schedul e and ensure that it is consistent
wi th the Occupancy Sensor Product specification

3) For each
tenperature
pl acing an '

VAV box thernostat, indicate if the zone
setpoint will be occupant adjustable
X in the 'Thernostat and Qccupancy

Sensor Schedul e'. For non-occupant-adj ustabl e

set points, show the setpoint in the Points
Schedule. The intent is that the Contractor

provi des one or the other as shown.

Non- occupant - adj ust abl e set poi nts are adjustabl e by
a system operator using a |local display panel (LDP)

or operator

wor kst ation (and appropriate software).

Rk Ik Sk kR IR R R I O O e S S R Rk Rk S R Rk Ok kS I O I b R R Rk

3.4.4.

1

Zone Tenperature Control - Cooling-Only VAV Box

Contractor shall install DDC hardware to performthis Sequence of Operation
and to provide SNVT inputs, outputs and al arns as specified and shown on
t he Poi nts Schedul e.

shal

a.

Qccupancy Modes:

(1)

(2)

Saf eti es:

Unl ess ot herwi se specified, all modul ating contro

be proportional-integral (Pl) control.

Cccupi ed: The VAV box DDC Hardware shall be in the GCccupied Mde

when the | ocal

space occupancy input(s) (ZN-OCC) indicate that the

space is occupied or when the input fromthe System Schedul er
(SYS-OCC) is occupi ed.

Unoccupi ed: The VAV box DDC Hardware shall be in the Unoccupied

Mode when t he

| ocal space occupancy input(s) (ZN OCC) indicate

that the space is unoccupied and the input fromthe System
Schedul er (SYS-OCC) is unoccupi ed.

This system has no safeties.

Zone Tenperature Control

(1)

In the Cccupi

ed Mbde the zone tenperature setpoint (ZN T-SP)

shal |l be at the configured setpoint or at the occupant-adjustable
setpoint via the wall-nounted thernostat, as shown. The DDC
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Har dwar e shall nodul ate the VAV box danper to maintain VAV box
supply air flow (VAV-SA-F) at setpoint as nmeasured by a

mul ti-point flow sensing elenent at the inlet to the VAV box.
Sequenci ng shall be as shown: Upon a rise in zone tenperature
(ZN-T) above zone setpoint (ZNT-SP), subject to the zone
tenperature setpoint deadband as shown, the airflow setpoint shal
be adj usted between m ni mrum and nmaxi num fl ow based on the

di fference between zone tenperature and zone tenperature setpoint
as shown.

(2) In the Unoccupi ed Mbde the VAV box danper shall be at its mninum
posi tion.

3.4.4.2 Zone Tenperature Control - VAV Box with Reheat

Contractor shall install DDC hardware to performthis Sequence of Qperation
and to provide SNVT inputs, outputs and alarns as specified and shown on
the Points Schedule. Unless otherw se specified, all nodulating contro
shal | be proportional-integral (Pl) control.

a. GCccupancy Mdes:

(1) GCccupied: The VAV box DDC Hardware shall be in the Cccupi ed Mde
when the | ocal space occupancy input(s) (ZN-OCC) indicate that the
space i s occupied or when the input fromthe System Schedul er
(SYS-OCC) is occupi ed.

(2) Unoccupi ed: The VAV box DDC Hardware shall be in the Unoccupied
Mode when the | ocal space occupancy input(s) (ZN-OCC) indicate
that the space is unoccupied and the input fromthe System
Schedul er (SYS-OCC) is unoccupi ed.

b. Safeties: VAV boxes with electric resistance heating el enents shal
require proof of air flow before activating the heating el ements.

c. Zone Tenperature Control:

(1) In the Cccupi ed Mode the zone tenperature setpoint (ZN T-SP)
shall be at the configured setpoint or at the occupant-adjustable
setpoint via the wall-nounted thernostat, as shown.

(2) In the Unoccupi ed Mode the zone tenperature setpoint (ZN T-SP)
shall be at the configured setpoint as shown.

(3) The DDC Hardware shall nodul ate the VAV box danper to maintain
VAV box supply air flow (VAV-SA-F) at setpoint as neasured by a
mul ti-point flow sensing elenent at the inlet to the VAV box.
Sequenci ng shall be as shown: Upon a rise in zone tenperature
above zone tenperature setpoint (ZN-T-SP), subject to the zone
tenperature setpoint deadband as shown, the airflow setpoint shal
be adjusted between m ni mum and maxi num fl ow based on the
di fference between zone tenperature and zone tenperature setpoint
as shown. Upon a fall in zone tenperature bel ow zone tenperature
set poi nt, subject to the deadband as shown, the airflow shall be
mai ntained at a fixed air flow setpoint (with a setting
i ndependent of the cooling mininumair flow), and the heating
val ve shall nodul ate towards open or the staged electric
resi stance heating coil(s) shall cycle on in sequence.
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3.4.4.3 Zone Tenperature Control - Fan Powered VAV Box

Rk bk bk A IR R R Sk O O S R S AR R Rk O o O IR Ik S I S b R R

NOTE: This sequence is applicable to both Series
and Parallel fan powered VAV boxes.

As specified in Section 23 00 00 AIR SUPPLY,

DI STRI BUTI ON, VENTI LATI ON, AND EXHAUST SYSTEM fans
| ocated in series fan-powered VAV boxes nust start
whenever the AHU fan that serves these boxes is
started. Therefore, this sequence allows the AHU to
start regardless of the VAV box fan status.

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

Contractor shall install DDC hardware to performthis Sequence of Operation
and to provide SNVT inputs, outputs and alarns as specified and shown on
the Points Schedule. Unless otherw se specified, all nodulating contro
shal | be proportional-integral (Pl) control.

a. Cccupancy Mdes:

(1) GCccupied: The VAV box DDC Hardware shall be in the COccupi ed Mde
when the | ocal space occupancy input(s) (ZN-OCC) indicate that the
space is occupied or when the input fromthe System Schedul er
(SYS-OCC) is occupi ed.

(2) Unoccupi ed: The VAV box DDC Hardware shall be in the
Unoccupi ed Mode when the | ocal space occupancy input(s) (ZN OCC
i ndi cate that the space is unoccupied and the input fromthe
System Schedul er (SYS-OCC) is unoccupi ed.

b. Safeties: VAV boxes with electric resistance heating el enents shal
require proof of air flow before activating the heating el ements.

c. Zone Tenperature Control

(1) In the Cccupi ed Mode the zone tenperature setpoint (ZN T-SP)
shall be at the configured setpoint or at the occupant-adjustable
setpoint via the wall-nounted thernostat, as shown.

(2) In the Unoccupi ed Mode the zone tenperature setpoint (ZN T-SP)
shall be at the configured setpoint as shown.

(3) Sequencing shall be as shown:

(a) In occupied and unoccupi ed nodes, upon a rise in zone
tenperature above zone tenperature setpoint (ZN-T-SP), subject to
the zone tenperature setpoi nt deadband as shown, the airflow

set poi nt shall be adjusted between m ni nrum and nmaxi nrum based on
the difference between zone tenperature and zone tenperature

set point as shown. The DDC Hardware shall nodul ate the VAV box
danper to mx supply and plenumreturn air as it mmintains VAV box
supply airflow (VAV-SA-F) at setpoint as neasured by a nulti-point
flow sensing elenent at the inlet to the VAV box.

(b) In occupied nmode, upon a fall in zone tenperature bel ow zone
tenperature setpoint, subject to the deadband as shown, the VAV
box fan shall cycle on (note that the fan is always on in the
occupi ed node for a series box), the DDC Hardware shall nodul ate
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t he VAV box danper to nix supply and plenumreturn air to maintain
a fixed air flow setpoint (with a setting i ndependent of the
cooling mininumair flow), and the heating val ve shall nodul ate
towar ds open or the staged electric resistance heating coil (s)
shal |l cycle on in sequence.

(c¢) In unoccupied node, upon a fall in zone tenperature bel ow
zone tenperature setpoint, subject to the deadband as shown, the
VAV box fan shall cycle on (note that the fan is always on in the
occupi ed node for a series box), the VAV box danper shall be at
its mnimm position, and the heating valve shall nodul ate towards
open or the staged electric resistance heating coil(s) shall cycle
on in sequence.

3.4.4.4 Peri meter Radiation Control Sequence

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

NOTE:

1) Show the occupancy schedul e (days/tines) on the
Cccupancy Schedul e drawing. For sinplicity, it is
recomended that all units operate on the sane
schedul e.

2) Space occupancy input(s) nay consist of an
occupancy sensor and/or a |local push-button

I ndicate the use of a sensor and/or push-button by
placing an ' X' in the Thernostat Schedule. |If a
push-button is used, show the override tine duration
in the Schedul e. The occupancy sensor specification
requires a 15 minute of f-node delay prior to |eaving
the occupied node. |If a different tine is desired,
show it in the thernostat schedul e and ensure that
it is consistent with the Gccupancy Sensor Product
speci fication.

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

Contractor shall install DDC hardware to performthis Sequence of Operation
and to provide SNVT inputs, outputs and al arns as specified and shown on
the Points Schedule. Unless otherw se specified, all nodulating contro
shal |l be proportional-integral (Pl) control.

a. Cccupancy Mddes
(1) Gccupied: The radi ator DDC Hardware shall be in the GCccupied Mde
when the | ocal space occupancy input(s) indicate that the space is
occupi ed or when the input fromthe System Schedul er i s occupi ed.
(2) Unoccupi ed: The radi ator DDC Hardware shall be in the Unoccupied
Mode when the | ocal space occupancy input(s) indicate that the
space i s unoccupi ed and when the input fromthe System Schedul er
i S unoccupi ed.
b. Safeties: This system has no safeties.
c. Space Tenperature Control
(1) In the Cccupi ed Mode the DDC Hardware shall nodul ate the heating

control valve to naintain space tenperature at the configured
setpoint or at the occupant-adjustable setpoint via the
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wal | - mount ed t hernostat, as shown.

(2) In the Unoccupi ed Mode the DDC Hardware shall nodul ate the
heating control valve to maintain space tenperature at the
configured setpoint as shown.

3.4.4.5 Unit Heater and Cabinet Unit Heater

Rk bk b R IR R R O kO b S O R Rk Rk R ok O S O R R R Ik kS I O I b Rk R

NOTE:

1) Show the occupancy schedul e (days/tines) on the
Cccupancy Schedul e drawing. For sinplicity, it is
recomended that all units operate on the sane
schedul e.

2) Space occupancy input(s) nmay consist of an
occupancy sensor and/or a |ocal push-button

I ndicate the use of a sensor and/or push-button by
placing an 'X in the Thernostat Schedule. If a
push-button is used, show the override tine duration
in the Schedul e. The occupancy sensor specification
requires a 15 mnute of f-node delay prior to | eaving
the occupied node. |If a different tine is desired,
show it in the thernostat schedul e and ensure that
it is consistent with the Gccupancy Sensor Product

speci fication.
EE IR I Sk S S I S S I O R R R Rk I I S Sk S Ik I Sk I S R R R Rk S S I kS kI S O R I

Contractor shall install DDC hardware to performthis Sequence of Operation
and to provide SNVT inputs, outputs and alarns as specified and shown on
the Points Schedule. Unless otherw se specified, all nodulating contro
shal | be proportional-integral (Pl) control.

a. Of-Auto Switch

(1) OFF: Wth the thernostat OFF- AUTO switch in the OFF position, the
DDC Hardware shall stop the fan and close the heating contro
val ve.

(2) AUTQO Wth the thernostat OFF- AUTO switch in the AUTO position,
t he DDC Hardware shall control the unit in accordance with its
Cccupancy Mode.

b. COccupancy Modes

(1) GCccupied: The unit heater DDC Hardware shall be in the Qccupied
Mode when the | ocal space occupancy input(s) indicate that the
space is occupied or when the input fromthe System Scheduler is
occupi ed.

(2) Unoccupied: The unit heater DDC Hardware shall be in the
Unoccupi ed Mode when the | ocal space occupancy input(s) indicate
that the space is unoccupi ed and when the input fromthe System
Schedul er i s unoccupi ed.

c. Safeties: The unit shall run subject to the unit manufacturer's
saf eti es.

d. Space Tenperature Control
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(1) In the Cccupi ed Mode the DDC Hardware shall nodul ate the heating
control valve and cycle the nulti-speed fan to maintain space
tenperature at the configured setpoint or at the
occupant - adj ust abl e setpoint via the wall-nounted thernostat, as
shown.

(2) In the Unoccupi ed Mode the DDC Hardware shall nodul ate the
heating control valve and cycle the nulti-speed fan to maintain
space tenperature at the configured setpoint as shown.

3.4.4.6 Gas-Fired Infrared Heater

Rk Ik kR IR R R Sk O e S R R AR R Rk Rk O o O Rk S I O O R o A

NOTE:
1) Use of a System Scheduler is likely not needed in
this application. |If it is, edit the sequence and

t he draw ngs.

2) Space occupancy input(s) may consist of an
occupancy sensor and/or a |ocal push-button

I ndicate the use of a sensor and/or push-button by
placing an ' X' in the Thernostat Schedule. |If a
push-button is used, show the override tine duration
in the Schedul e. The occupancy sensor specification
requires a 15 minute of f-node delay prior to | eaving
the occupied nmode. |If a different tine is desired,
show it in the thernpstat schedul e and ensure that
it is consistent with the Gccupancy Sensor Product
speci fication.

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

Contractor shall install DDC hardware to performthis Sequence of Operation
and to provide SNVT inputs, outputs and alarns as specified and shown on
the Points Schedule. Unless otherw se specified, all nodulating contro
shal | be proportional-integral (Pl) control.

a On-Of-Auto Switch

(1) ON. Wth the thernmpostat ON-OFF- AUTO switch in the ON position
the DDC Hardware shall energize the heater and the heater shal
run continuously.

(2) OFF: Wth the thernpstat ON-OFF- AUTO switch in the OFF position,
the DDC Hardware shall de-energize the heater

(3) AUTO Wth the thernostat ON-OFF- AUTO switch in the AUTO
position, the DDC Hardware shall control the heater in accordance
with its Qccupancy Mode.

b. COccupancy Moddes
(1) GCccupied: The unit DDC Hardware shall be in the Qccupi ed Mode
when the | ocal space occupancy input(s) indicate that the space is
occupi ed.
(2) Unoccupied: The unit DDC Hardware shall be in the Unoccupi ed Mde

when the | ocal space occupancy input(s) indicate that the space is
unoccupi ed.
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c. Safeties: The heater shall run subject to the unit manufacturer's
saf eti es.

d. Space Tenperature Control

(1) In the Cccupied Mode the DDC Hardware shall operate the heater to
mai ntai n space tenperature at the configured setpoint or at the
occupant - adj ust abl e setpoint via the wall-nounted thernostat, as
shown.

(2) In the Unoccupi ed Mode the DDC Hardware shall operate the heater
to maintain space setpoint at the configured unoccupi ed setpoint
as shown.

3.4.4.7 Dual Tenperature Fan-Coil Unit
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NOTE:

1) Show t he occupancy schedul e (days/tines) on the
Cccupancy Schedul e drawing. For sinplicity, it is
recomended that all units operate on the sane
schedul e.

2) Space occupancy input(s) nmay consist of an
occupancy sensor and/or a |ocal push-button

I ndicate the use of a sensor and/or push-button by
placing an ' X in the Thernostat Schedule. |If a
push-button is used, show the override tine duration
in the Schedul e. The occupancy sensor specification
requires a 15 minute off-node delay prior to |eaving
the occupied mode. |If a different tine is desired,
show it in the thernostat schedul e and ensure that
it is consistent with the Gccupancy Sensor Product
speci fication.

3) Show 2-way and 3-way val ve sel ections on the
Val ve Schedul e.

4) Fan coil units typically have unit-nounted
thernostats. Indicate if wall nmounting is desired
and/or show in the Thernostat Schedule for the

i ndi vidual fan coil units.
EIR IR R R R S I I I I IR S I I I I R R S I I R I R I I IR I R I S I I I I I R R I S I b b E b I b I b I b I b b b b b I I I b I b b b I

Contractor shall install DDC hardware to performthis Sequence of Qperation
and to provide SNVT inputs, outputs and alarns as specified and shown on
the Points Schedule. Unless otherw se specified, all nodulating contro
shal | be proportional-integral (Pl) control.

a. Of-Auto Switch

(1) OFF: Wth the thernostat OFF- AUTO switch in the OFF position, the
DDC Hardware shall stop the fan and cl ose the dual -tenperature
control valve

(2) AUTO Wth the thernostat OFF- AUTO switch in the AUTO position,

t he DDC Hardware shall control the unit in accordance with its
Cccupancy Mode.
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3. 4.

5

Qccupancy Modes

(1) GCccupied: The unit DDC Hardware shall be in the Occupi ed Mode
when the | ocal space occupancy input(s) indicate that the space is
occupi ed or when the input fromthe System Schedul er is occupi ed.

(2) Unoccupied: The unit DDC Hardware shall be in the Unoccupi ed Mde
when the | ocal space occupancy input(s) indicate that the space is
unoccupi ed and when the input fromthe System Scheduler is
unoccupi ed.

Heat/ Cool Mbodes: The DDC Hardware shall automatically switch the fan
coil unit DDC Hardware between the heating and cooling nodes and the
resultant control action, based on a pipe-mounted dual -tenperature
supply water tenperature sensor

Safeties: The unit shall run subject to the unit nanufacturer's
safeties.

Space Tenperature Control

(1) In the Cccupi ed Mode the DDC Hardware shall nodul ate the
dual -tenperature control valve and cycle the nulti-speed fan to
mai ntai n space tenperature at the configured setpoint or at the
occupant - adj ust abl e setpoint via the [wall-nounted] thernostat, as
shown.

(2) In the Unoccupi ed Mode the DDC Hardware shall nodul ate the
dual -tenperature control valve and cycle the nulti-speed fan to
mai ntai n space tenperature at the configured setpoint as shown.

Sequences of Qperation for Hydronic Systens

3.4.5.1 Hydroni ¢ Heating Hot Water from Distributed [ Stean][ HTHWN Converter

EZE IR R R S R R R I I O R R R Ok S R R R R I R I R I O R I O

NOTE:
1) Select Steamor Hi gh Tenperature Hot Water as
required.

2) The designer may want to consi der ot her
conditions under which this systemis enabled, such
as outside air tenperature.

Rk Rk Rk R R IR R R Sk O O e S O R AR Rk R Rk O kO I R IR R I b I Rk I o

Contractor shall install DDC hardware to performthis Sequence of Operation
and to provide SNVT inputs, outputs and alarns as specified and shown on
the Points Schedule. Unless otherw se specified, all nodulating contro
shal | be proportional-integral (Pl) control.

a.

System Enabl e and | oop enabl e

(1) This systemshall nonitor the enabled status of all systens
served by this system |If one or nore systens served by this
system are enabl ed, this system shall be enabled (SYS-ENA). |If
all systens served by this systemare not enabled, this system
shal | not be enabl ed.
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(2) Wen this systemis enabled (SYS-ENA) and the hot water punp is
proof ed on, the Heat Exchanger Control |oop shall be enabl ed.

b. HAND- OFF- AUTO Switch: The hot water punp notor starter shall have an
H O A switch:

(1) HAND: Wth the HO A switch in HAND position, the punp shal
start and run conti nuously.

(2) OFF: Wth the HO A switch in OFF position, the punp shall stop

(3) AUTO Wth the HO A switch in AUTO position, the punp shall run
subject to the Hot Water Punp Start/Stop (HWPMP-SS) conmmand

c. Proofs and Safeties:
(1) DDC Hardware shall nonitor all proofs and safeties.
(2) Proofs: Hot water punp status (HWPMP-S)
(3) Safeties: None

(4) DDC Hardware reset of all proofs and safeties shall be via a
| ocal binary push-button (RST-BUT) input to the DDC Hardware, via
a remote conmand to the DDC Hardware via SNVT or both (where the
Contractor provides both reset functions and the operator can use
either one to performthe reset), as shown on the Points Schedul e
dr awi ng.

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

NOTE: |If a reset schedule is not required delete
this option ([deternmined froma |inear reset
schedul e]) fromthe sequence along with the reset
schedule in the drawing. Were reset is used, edit
the tenperatures shown in the reset schedule on the
dr awi ng.

EZE IR R R S R R R I I O R R R Ok S R R R R I R I R I O R I O

d. Heat Exchanger Valve Control: Wen this | oop is enabl ed DDC Har dwar e
shal | nodul ate the [stean][high tenperature hot water] valve to
mai ntain the Hot Water Supply Tenperature (HW5-T) at set point
(HWs-T-SP). The Hot Water Supply Tenperature Setpoint (HWT-SP) shal
be [determined froma linear reset schedul e] as shown. Wen this |oop
i s disabled, the valve shall be cl osed.

3.4.5.2 Hydroni ¢ Heating Hot Water From Singl e-Buil ding Boiler

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

NOTE: The designer nay want to consider other
conditions under which this systemis enabl ed, such
as outside air tenperature.
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Contractor shall install DDC hardware to performthis Sequence of Operation
and to provide SNVT inputs, outputs and alarns as specified and shown on
the Points Schedule. Unless otherw se specified, all nodulating contro
shal | be proportional-integral (Pl) control.

a. System Enable and | oop enabl e
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(1) This systemshall nonitor the enabled status of all systens
served by this system |If one or nore systenms served by this
system are enabl ed, this systemshall be enabled (SYS-ENA). |If
all systens served by this systemare not enabled, this system
shal | not be enabl ed.

(2) Wen this systemis enabled (SYS-ENA) and the hot water punmp is
proofed on, the boiler control and hot water tenperature control
| oops shall be enabl ed.

b. HAND- OFF- AUTO Switch: The hot water punmp notor starter shall have an
H O A switch:

(1) HAND: Wth the HO A switch in HAND position, the punp shall
start and run conti nuously.

(2) OFF: Wth the HO A switch in OFF position, the punp shall stop.

(3) AUTO Wth the HO A switch in AUTO position, the punp shall run
subject to the Hot Water Punp Start/Stop (HWPMP-SS) comand.

c. Proofs and Safeties:
(1) DDC Hardware shall nonitor all proofs and safeties.
(2) Proofs: Hot water punp
(3) Safeties: None

(4) DDC Hardware reset of all proofs and safeties shall be via a
| ocal binary push-button (RST-BUT) input to the DDC Hardware, via
a renote comand to the DDC Hardware via SNVT or both (where the
Contractor provides both reset functions and the operator can use
either one to performthe reset), as shown on the Points Schedul e
dr awi ng.

d. Boiler Control: Wen this |loop is enabled, the DDC Hardware shall turn
the boiler on. Wen this loop is disabled, the boiler shall be off.

e. Hot Water Tenperature Control: Wen this |oop is enabled the DDC
Har dwar e shall nodul ate the 3-way m xi ng valve to nmaintain hot water
supply tenperature (HW5-T) at setpoint (HWs-T-SP). The Hot Water
Supply Tenperature Setpoint (HWS-T-SP) shall be [deternined froma
linear reset schedule] as shown. Wen this |oop is disabled, the valve
shall be in its normal (failsafe) position.

3.4.5.3 Hydroni ¢ Dual - Tenperature Systemwith [ Steam [H gh Tenperature Hot
Water] and Chilled Water
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NOTE:
1) Select Steamor Hi gh Tenperature Hot Water as
required.

2) The Heating Mode lowlimt switch is needed only
if there is a boiler (to avoid boiler shock). You
may choose to delete the switch fromthe control

schenmati c draw ng, |adder diagram and sequence when
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usi ng a heat exchanger

3) The designer may want to consi der ot her
conditions under which this systemis enabled, such
as outside air tenperature.

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

Contractor shall install DDC hardware to performthis Sequence of Operation
and to provide SNVT inputs, outputs and al arns as specified and shown on
the Points Schedule. Unless otherw se specified, all nodulating contro
shal | be proportional-integral (Pl) control.

a. System Enable and | oop enable

(1) This systemshall nonitor the enabled status of all systens
served by this system |[If one or nore systens served by this
system are enabl ed, this systemshall be enabled (SYS-ENA). |If
all systens served by this systemare not enabled, this system
shal | not be enabl ed.

(2) Wen this systemis enabled (SYS-ENA), and the HEATI NG COOLI NG
switch is in HEATING and t he dual -tenperature return water
tenperature (DTWR-T) is above the dual -tenperature return water
lowlimt tenperature (DTWRR-T-LL) setpoint of 18 degrees C 65
degrees F, the [single-building boiler] [Heat Exchanger Contro
| oop] shall be enabl ed.

IR R R R R R RS EEEEEREEEEEEEEEREEEREREEEREEEREEEREEREEEEREEEEEEEEEEREEEREEEEEEREEEEEEESES

NOTE: Chiller Enable (the follow ng paragraph) is
only required when there is a local chiller. In
cases where chilled water is froma central plant
delete the chiller enable requirenent.

Rk Ik kR IR R R I kO S S R Rk Rk S Rk Ik kS b O I R I R

([3) Wien this systemis enabled (SYS-ENA), and t he HEATI NG COOLI NG
switch is in COOLING and the dual -tenperature return water
(DTWR-T) is below the dual -tenperature return water high-limt
tenperature (DTWR-T-HL) setpoint of 29 degrees C 85 degrees F, the
chiller shall be enabled.]

b. Switchover val ve operation

(1) Wth the HEATI NG COOLI NG switch in the HEATI NG position, the
swi tchover valve shall open the heat-cool systempiping to the
[ heat exchanger] [boiler] and close the heat-cool systempiping to
the [central plant chilled water] [single-building chiller]
whenever the dual -tenperature return water tenperature (DTWR-T) is
above the dual -tenperature return water lowlinit tenperature
(DTWR-T- LL) setpoint of 18 degrees C 65 degrees F.

(2) Wth the HEATI NG COOLI NG switch in the COOLI NG position, the
swi tchover val ve shall open the heat-cool systempiping to the
[central plant chilled water] [single-building chiller] and cl ose
t he heat-cool system piping to the [heat exchanger] [boiler]
whenever the dual -tenperature return water tenperature (DTWR-T) is
bel ow t he dual -tenperature return water high-limt tenperature
(DTWR-T-HL) setpoint of 29 degrees C 85 degrees F.
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(3) For any other comnbination of HEATI NG COOLI NG node switch
position, DIWR-T-LL switch position, and DTWR-T-HL switch
position, the heat-cool swi tchover valve shall maintain its |ast
state.

(4) The DDC Hardware shall nonitor the status of the DIWR-T-LL and
DTWR- T- HL swi t ches.

c. HAND OFF- AUTO Switch: The Dual - Tenperature water punp notor starter
shall have an H O A switch:

(1) HAND: Wth the HO A switch in HAND position, the punp shall
start and run continuously.

(2) OFF: Wth the HO A switch in OFF position, the punp shall stop.

(3) AUTO Wth the HO A switch in AUTO position, the punp shall run
subj ect to the Dual - Tenperature Water Punp Start/Stop (DTW PMP-SS)
System Enabl e (SYS-ENA) command.

d. Proofs and Safeties
(1) DDC Hardware shall nonitor all proofs and safeties.
(2) Proofs: None

(3) Safeties: Heat exchanger differential pressure switch (HX-P-LL)
shal|l be direct-hardwire interlocked to the [stean][high
tenperature hot water] val ve.

(4) DDC Hardware reset of all proofs and safeties shall be via a
| ocal binary push-button (RST-BUT) input to the DDC Hardware, via
a renote comand to the DDC Hardware via SNVT or both (where the
Contractor provides both reset functions and the operator can use
either one to performthe reset), as shown on the Points Schedul e
dr awi ng.

[ e. Heat Exchanger Valve Control: When this loop is enabled and there is hot
water flow through the heat exchanger as sensed by the differential
pressure switch (HX-P-LL) safety, the DDC Hardware shall nobdul ate the
[stean][ high tenperature hot water] valve to nmamintain the Hot Water
Supply Tenperature (HW5-T) at setpoint (HWs-T-SP). The Hot Water
Supply Tenperature Setpoint (HMT-SP) shall be [determined froma
linear reset schedule] as shown. The DDC Hardware shall nonitor the
status of the HX-P-LL safety. Wen this |loop is disabled, the valve
shal | be closed.]

3.4.5.4 Hydroni ¢ Secondary with Vari abl e Speed Punp
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NOTE:

1) This spec does not include a variable frequency
drive (VFD) specification. Specify a VFD that neets
the requirenents of the control sequence including
the integral HOA

2) The designer may want to consi der ot her

conditions under which this systemis enabl ed, such
as outside air tenperature.
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Contractor shall install DDC hardware to performthis Sequence of Operation
and to provide SNVT inputs, outputs and alarns as specified and shown on
the Points Schedule. Unless otherw se specified, all nodulating contro
shal | be proportional-integral (Pl) control.

a. System Enable and | oop enabl e:

(1) This systemshall nonitor the enabled status of all systens
served by this system If one or nore systens served by this
system are enabl ed, this systemshall be enabled (SYS-ENA). |If
all systens served by this systemare not enabled, this system
shall not be enabl ed.

(2) Wen this systemis enabled (SYS-ENA) the Pressure Control | oop
shal | be enabl ed.

b. HAND- OFF- AUTO Switch: The hot water punp variable frequency drive (VFD)
unit shall have an integral H O A switch:

(1) HAND: Wth the HO A switch in HAND position, the punp shal
start and run continuously. Punp speed shall be under
manual - oper at or control

(2) OFF: Wth the HO A switch in OFF position, the punp shall stop

(3) AUTO Wth the HO A switch in AUTO position, the punp shall run
subject to the Hot Water Punp Start/Stop (HWPWMP-SS) command and
punp speed shall be under control of the DDC system

c. roofs and Safeties
(1) DDC Hardware shall nonitor all proofs and safeties.
(2) Proofs: None
(3) Safeties: None

(4) DDC Hardware reset of all proofs and safeties shall be via a
| ocal binary push-button (RST-BUT) input to the DDC Hardware, via
a renote comand to the DDC Hardware via SNVT or both (where the
Contractor provides both reset functions and the operator can use
either one to performthe reset), as shown on the Points Schedul e
dr awi ng.

d. Pressure Control: Wien this loop is enabled the DDC Hardware shal
nodul ate the punp variabl e frequency drive unit to maintain the pipe
system pressure at setpoint as shown, as neasured by the differentia
pressure tap and sensor as shown. When this loop is disabled, the DDC
Har dwar e capacity nodul ation output to the VFD shall be zero percent.

.5 CONTRCLLER TUNI NG

The Contractor shall tune each controller in a manner consistent with that
described in the ASHRAE FUN SI ASHRAE FUN | P. Tuning shall consist of

adj ustment of the proportional, integral, and where applicable, the
derivative (PID) settings to provide stable closed-loop control. Each |oop
shal |l be tuned while the systemor plant is operating at a high gain (worst
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case) condition, where high gain can generally be defined as a | owfl ow or
| ow-1o0ad condition. Upon final adjustment of the PID settings, in response
to a change in controller setpoint, the controlled variable shall settle
out at the new setpoint with no nore than two (2) oscillations above and
bel ow setpoint. Upon settling out at the new setpoint the controller
output shall be steady. Wth the exception of naturally slow processes
such as zone tenperature control, the controller shall settle out at the
new setpoint within five (5) mnutes. The Contractor shall return the
controller to its original setpoint and shall record and submit the fina
PID configuration settings with the O&M Instructions and on the associ ated
Poi nt s Schedul e.

.6 START- UP AND START- UP TEST

The Contractor shall performthe following startup tests for each contro
systemto ensure that the described control system conponents are installed
and functioning per this specification.

a. General: The Contractor shall adjust, calibrate, nmeasure, program
configure, set the time schedul es, set alarns, and otherw se perform
all necessary actions to ensure that the systens function as specified
and shown in the sequence of operation and other contract docunents.

b. Systems Check: An itemby-item check shall be performed for each HVAC
syst en
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NOTE: |If the specification has been edited to

i nclude M&C Software (from Section 25 10 10 UTILITY
MONI TORI NG AND CONTRCL SYSTEMS (UMCS)), include the
requi renent to inspect M&C Cients to nake sure they
di spl ay shutdown conditi ons.

Rk Ik kR IR R R I kO S S R Rk Rk S Rk Ik kS b O I R I R

(1) Step 1 - SystemlInspection: Wth the system shut down, it shal
be verified that power and nain air are avail abl e where required
and that all output devices are in their failsafe and nornma
positions. Each local display panel [and each M&C dient] shal
be inspected to verify that all displays indicate shutdown
condi tions.

(2) Step 2 - Calibration Accuracy Check: A two-point accuracy check
of the calibration of each HVAC control system sensing el enent and
transmitter shall be perforned by conparing the SNVT output from
the DDC Hardware the sensor is connected to the actual val ue of
the variable nmeasured at the sensing elenent. Digital indicating
test instrunents shall be used, such as digital thernoneters,
not or-driven psychroneters, and tachoneters. The test instruments
shall be at least twice as accurate as the specified sensor
accuracy. The calibration of the test instruments shall be
traceable to National Institute O Standards And Technol ogy
standards. The first check point shall be with the HVAC systemin
t he shutdown condition, and the second check point shall be with
the HVAC systemin an operational condition. Calibration checks
shall verify that the sensing el enent-to-DDC system readout
accuracies at two points are within the specified product accuracy
tolerances. |If not, the device shall be recalibrated or replaced
and the calibration check repeated.

SECTION 23 09 23 Page 107



3.

3.

(3) Step 3 - Actuator Range Check: Wth the systemrunning, a signa
shall be applied to each actuator through the DDC Har dware
controller. Proper operation of the actuators and positioners for
all actuated devices shall be verified and the signal |evels shal
be recorded for the extrene positions of each device. The signa
shall be varied fromlive zero to full range, and it shall be
verified that the actuators travel from zero stroke to full stroke
within the signal range. \Where applicable, it shall be verified
that all sequenced actuators nove from zero stroke to full stroke
in the proper direction, and nove the connected device in the
proper direction fromone extrene position to the other

c. Weat her Dependent Test: Wather dependent test procedures that cannot
be performed by sinulation shall be perforned in the appropriate
climatic season. Wen sinulation is used, the actual results shall be
verified in the appropriate season

Test Report: Upon conpletion of the Start-Up Test, the Contractor shal
prepare and subnit a Start-Up and Start-Up Testing Report docunenting the
results of the tests performed and certifying that the systemis installed
and functioning per this specification, and is ready for the Perfornmance
Verification Test (PVT).

7 PERFORVANCE VERI FI CATI ON TEST ( PVT)

Rk Rk kIR Rk S S O e S S S AR Rk R O R Rk Ik kS I O R SRR o

NOTE: A set of Field Test Procedures are being
devel oped by an A/ E under contract with Huntsville
Center. Once conplete, these Test Procedures will
be included or referenced here.

Brief interimguidance is provided here.
EE IR R I Sk S S I S S I I R R R Rk S I S Sk S kI R R R Rk S S I S O Sk I S O R

7.1 PVT Procedures

EZE IR R R S R R R I I O R R R Ok S R R R R I R I R I O R I O

NOTE: The desi gner nust decide whether to require a
one- poi nt accuracy check and/or inlet and outlet air
t enper at ure neasurenents.

Project specific requirenents should be added,
particularly for problematic controls based on

desi gner and user experience.
EE IR I Sk S S O Sk S I O R R Rk I S kS I I R R R Ik S S I O S R Sk I S O

The performance verification test procedures shall explain, step-by-step,
the actions and expected results that will denbnstrate that the contro
system perfornms in accordance with the sequences of operation, and ot her
contract documents. [The PVT shall include a one-point accuracy check of
each sensor. ][The PVT shall include inlet and outlet air tenperature
neasurenents for all AHU dependent terminal units. ]The PVT Procedure
shal | describe a nethodol ogy to neasure and trend the network bandwi dth
usage on the network backbone and conpare it to the Bandw dth Usage

Cal cul ation subnmittal. A control system performance verification test
equi prent |ist shall be included that lists the equipnent to be used during
performance verification testing. The list shall include manufacturer

nanme, nodel nunber, equiprent function, the date of the latest calibration,
and the results of the latest calibration.
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7.2 PVT Executi on

The Contractor shall denpnstrate conpliance of the control systemwth the
contract docunents. Using test plans and procedures approved by the
CGovernment, the Contractor shall denobnstrate all physical and functiona
requi renents of the project. The performance verification test shall show,
step-by-step, the actions and results denonstrating that the contro
systens performin accordance with the sequences of operation. The
performance verification test shall neasure and trend the Network Bandw dth
Usage and conpare it to the Bandw dth Usage Cal cul ation submittal. The
performance verification test shall not be started until after receipt by
the Contractor of witten perm ssion by the Governnent, based on Gover nnent
approval of the Start-Up and Start-Up Testing Report and conpl etion of

bal ancing. The tests shall not be conducted during schedul ed seasonal off
peri ods of base heating and cooling systens.

. 7.3 PVT Report

Contractor shall prepare a PVT report documenting all tests performed
during the PVT and their results. The PVT report shall include all tests
in the PVT Procedures and any other testing perfornmed during the PVT.
Failures and repairs shall be docunented with test results.

8 TRAI NI NG

Rk Ik kR IR R R Ik AR Rk R R Rk O kO O R R R I R R Rk ko

NOTE: Training requirenments should be coordi nat ed
with the user (including the
Control s/ HVAC/ El ectrical shop supervisor). Extent
of training should be based on the needs of the
installation personnel

Rk Ik kR IR R R I kO S S R Rk Rk S Rk Ik kS b O I R I R

A training course shall be conducted for [__ ] operating staff nmenbers
desi gnated by the Governnent in the maintenance and operation of the
system including specified hardware and software. The training period,
for atotal of [32][__ ] hours of normal working time, shall be conducted
within 30 days after successful conpletion of the performance verification
test. The training course shall be conducted at the project site and the
CGovernment reserves the right to videotape the training sessions for |ater
use. Audiovisual equipnment and [ ] sets of all other training
materials and supplies shall be provided. A training day is defined as 8
hours of classroominstruction, including two 15 m nute breaks and

excl udi ng lunchtine, Monday through Friday, during the daytime shift in
effect at the training facility.

8.1 Trai ni ng Docunent ati on

Rk bk bk R IR R R Sk O O e S R S AR Rk R R Rk I ok O kI R R I O b I R

NOTE: Designer nust choose appropriate shop
supervisor(s) to coordinate training attendance.

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

The Contractor shall prepare training docunentation consisting of:
a. Course Attendee List: A List of course attendees which shall be

devel oped in coordination with and signed by the
[Control s][HVAC] [ El ectrical] shop supervisor
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b. Training Manual s: Training nmanual s shall include an agenda, defined
obj ectives for each | esson, and a detail ed description of the subject
matter for each | esson. Where the Contractor presents portions of the
course naterial by audiovisuals, copies of those audiovisuals shall be
delivered to the Governnent as a part of the printed training nanuals.
Trai ni ng manual s shall be delivered for each trainee with two
addi ti onal copies delivered for archival at the project site.

8.2 Trai ni ng Course Content

For gui dance in planning the required instruction, the Contractor shal
assume that attendees will have a high school education or equivalent, and
are famliar with HVAC systens. The training course shall cover all of the
material contained in the Operating and M ntenance Instructions, the

| ayout and | ocation of each controller enclosure, the |layout of one of each
type of unitary equi pnent and the |ocations of each, the location of each
control device external to the panels, the location of the conpressed air
station, preventive maintenance, troubl eshooting, diagnostics, calibration,
adj ustment, commi ssioning, tuning, repair procedures, use of LNS Plug-ins,
and use of the GPPC Programm ng software. Typical systens and simlar
systens may be treated as a group, with instruction on the physical |ayout
of one such system The results of the perfornmance verification test and
the Start-Up and Start-Up Testing Report shall be presented as benchmarks
of HVAC control system performance by which to nmeasure operation and

mai nt enance effectiveness.
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QC CHECKLI ST

This checklist is not all-inclusive of the requirenents of this specification
and shoul d not be interpreted as such.

This checklist is for (check one:)
Pre- Construction QC Checklist Submttal (ltenms 1-5) | |

Post - Constructi on QC Checklist Subnmittal (ltems 1-12) | |
Cl ose-out QC Checklist Submittal (Itenms 1-19)

Initial each itemin the space provided (| |) verifying that requirenent
has been net.

Itenms verified for Pre-Construction, Post-Construction and O oseout C
Checklists Submittal:

1 Net wor k bandwi dt h cal cul ati ons have been perforned, | |
and the backbone type (Ethernet or TP/ FT-10) has been
det ermi ned based on these cal cul ati ons.

2 Al'l DDC Hardware (nodes) are nunbered on Control System
Schemati ¢ Draw ngs.

3 Signal lines on Control System Schematic are |abeled with
t he signal type.

4 Local Display Panel (LDP) Locations are shown on Control
System Schemati c draw ngs.

5 Poi nts Schedul e draw ngs have been sub-divided by device (DDC
Har dwar e), includi ng DDC Har dwar e node nunbers.

Items verified for Post-Construction and O oseout QC Checklist Submttal:

6 Al DDC Hardware is installed on a TP/ FT-10 | ocal control | |
bus.

7 Al Application Specific Controllers (ASCs) are LonMark | |
certified.

8 Conmuni cati on between DDC Hardware is only via CEA-709. 1B | |
using SNVTs. Oher protocols and network vari abl es ot her
t han SNVTs have not been used.

9 Explicit messagi ng has not been used.

10 System Schedul er functionality has been installed for all | |
HVAC systens and default schedul es have been configured at
each System Schedul er.

11 Al'l sequences are perforned as specified using DDC Hardware.

12 Trai ni ng schedul e and course attendee |ist has been | |
devel oped and coordi nated with shops and subm tted.

SECTION 23 09 23 Page 111



QC CHECKLI ST

Items verified for C oseout QC Checklists Submittal:

13 Final As-built Draw ngs, including the Points Schedul e
drawi ngs accurately represent the final installed system

14 LonWor ks Network Services (LNS) Database is up-to-date and
accurately represents the final installed system

15 LNS Pl ug-ins have been submtted for all ASCs.

16 Progranm ng software has been submitted for all General
Pur pose Programabl e Controllers (GPPCs).

17 Al software has been licensed to the CGovernnent

18 Q&M I nstructions have been conpl eted and submitted.

19 Training course has been conpl et ed.

(QC Representative Signature) (Dat e)

-- End of Section --
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