SECTI ON 23 09 23
Dl RECT- DI G TAL CONTROL SYSTEM FOR HVAC
PART 1 — GENERAL
1.1 DESCRI PTI ON

A. The control systen(s) shall be as indicated on the project docunents
drawi ngs and described in these specifications. This scope of work
shall include a conplete and working systemincluding all engineering,
progranm ng, controls and installation materials, installation |abor,
commi ssioning and start-up, training, final project docunentation and
warranty.

B. The Controls Contractor’s work shall include all |abor, materials,
speci al tools, equipnment, enclosures, power supplies, software,
software |icenses, Project specific software configurations and
dat abase entries, interfaces, wiring, tubing, installation, |abeling,
engi neering, calibration, documentation, submttals, testing,
verification, training services, pernmts and |licenses, transportation,
shi ppi ng, handling, admnistration, supervision, managemnment, insurance,
Warranty, specified services and itens required by the Contract for the
conplete and fully functional Controls Systens.

C. Follow ng control devices and systens shall be used to provide the
functional requirenents of HVAC equi pnent and systens.

1. Direct Digital Control (DDC) of HVAC equi pnent and systems with
pneunati c positioning of valves and danpers.

D. Connect the new work to the existing ECC system or operator workstation
manuf actured by Andover/ TAC, located in Bldg. 31. The existing
CPU Monitor, printer, and other peripherals my be used to forma
singl e operator workstation. New systemincluding interface to
exi sting systens and equi pnent shall operate and function as one
conpl ete system i ncludi ng one dat abase of control point objects and
gl obal control logic capabilities. Facility operators shall have
conpl ete operations and control capability over all systens, new and
exi sting including; nonitoring, trending, graphing, scheduling, alarm
managenent, gl obal point sharing, global strategy depl oynent, graphica
operations interface and customreporting as specified. Mdify the
existing ECC, if necessary, to accommpdate the additional contro
poi nts.

E. The control subcontractor shall supply as required, all necessary
har dwar e equi pnment and software packages to interface between any
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exi sting and new system Network Area Controllers (NAC) as part of this

contract. Nunber of area controllers required is dependent on the type

and quantity of devices, hardware and software points provided.

Net work area controllers are sane as renote controller units (RCU).

The control systens shall be designed such that each nmechani cal system

shal | operate under stand-al one node. Tenperature Controls contractor

shal | provide controllers for each nechanical system |n the event of

a network comunication failure, or the loss of any other controller,

the control system shall continue to operate independently. Failure of

the ECC shall have no effect on the field controllers, including those

i nvolved with gl obal strategies

The Top End of the NAC shall communi cate using Anerican Society of

Heati ng and Refrigerating Engi neers/Anerican National Standards

Institute (ASHRAE/ ANSI) Standard 135 (BACnet) protocol. The NAC shal

resi de on the BACnet/I P Ethernet (ISO 8802-3) |ocal area network, and

provide information via standard BACnet object types and application
services. The Bottom End of the NAC, the unit level controllers and al
other field devices shall reside on the LonTal k FTT-10a network, and
provi de data using LonMark standard network variabl e types and
configuration properties.

The intent of this specification is to provide a peer-to peer

net wor ked, stand-al one, distributed control system The ECC requires

the incorporation of LonWrks Technol ogi es usi ng Free Topol ogy

Transceivers (FTT-10), and specific confornmance to the LONMARK

Interoperability Association’s v3.0 Physical and |ogical Layer

guidelines in all (NAC) Network Area Controllers, Renote Control Unit

controllers, unitary termnal unit controllers and other LonMark
conpliant field devices. The m ni mum Baud rate shall be 78,000 Baud for

FTT-10 and 1, 250, 000 Baud for FTT-1250.

1. LonTal k comuni cations protocol will be used on the comunication
net wor k between RCU controllers and LonWirks controllers and devi ces
to assure interoperability between all devices within the network.

2. The ECC shall provide comunication to all LonTal k data vari abl es as
defined in input/output point schedule and as required to acconplish
sequence of operation as specified.

3. Power wiring shall not be run in conduit wi th conmunications trunk

wiring or signal or control wiring operating at 100 volts or |ess.
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1.2 RELATED WORK

A. Section 28 31 00, FIRE DETECTI ON AND ALARM

B. Section 23 05 11, COMMON WORK RESULTS FOR HVAC AND STEAM GENERATI ON.

C. Section 21 10 00, WATER- BASED FI RE- SUPPRESSI ON SYSTEMS

D. Section 23 21 13, HYDRONI C PI PI NG and Section 23 22 13, STEAM AND
CONDENSATE HEATI NG PI PI NG

E. Section 23 31 00, HVAC DUCTS AND CASI NGS

F. Section 23 05 93, TESTING ADJUSTI NG AND BALANCI NG FCR HVAC

G Section 26 05 11, REQUI REMENTS FOR ELECTRI CAL | NSTALLATI ONS.

H. Section 26 05 33, RACEWAY AND BOXES FOR ELECTRI CAL SYSTEMS.

I. Section 26 05 21, LOMVOLTAGE ELECTRI CAL PONER CONDUCTORS AND CABLES
(600 VOLTS AND BELOW .

J. Section 26 27 26, WRI NG DEVI CES

1.3 DEFINITION

A. Algorithm A logical procedure for solving a recurrent nathenmatica
problem A prescribed set of well-defined rules or processes for the
solution of a problemin a finite nunber of steps.

B. ACU. Auxiliary Control Unit (ACU) used for controls of air handling
units, reports to RCU

C. Analog: A continuously varying signal value (e.g., tenperature,
current, velocity etc.

D. BACnet: Building Automation Control Network Protocol, ASHRAE Standard
135.

E. Baud: It is a signal change in a conmmunication link. One signa
change can represent one or nore bits of information depending on type
of transm ssion schene. Sinple peripheral conmunication is normally
one bit per Baud. (e.g., Baud rate = 78,000 Baud/sec is 78, 000
bits/sec, if one signal change = 1 bit).

F. Binary: A two-state system where a high signal |evel represents an
"ON' condition and an "OFF" condition is represented by a | ow signa
| evel .

G BMP or bnp: Suffix, conputerized image file, used after the period in
a DOS-based conputer file to show that the file is an inage stored as a
series of pixels.

H. Bus Topol ogy: A network topology that physically interconnects
wor kst ati ons and network devices in parallel on a network segnent.

I. Control Unit (CU): GCeneric termfor any controlling unit, stand-al one,

ni croprocessor based, digital controller residing on secondary LAN or

23 09 23 - 3



Primary LAN, used for local controls or global controls. 1In this
specification, there are three types of control units are used; Unitary
Control Unit (UCU), Auxiliary Control Unit (ACU), and Renote Contro
Unit (RQU).

Deadband: A tenperature range over which no heating or cooling is
supplied, i.e., 22-25 degrees C (72-78 degrees F), as opposed to a
singl e point change over or overlap).

Di agnostic Program A software test program which is used to detect
and report systemor peripheral malfunctions and failures. Cenerally,
this systemis perforned at the initial startup of the system

Direct Digital Control (DDC): M croprocessor based control including
Anal og/ Di gi tal conversion and programlogic. A control [oop or
subsystem in which digital and analog information is received and
processed by a mcroprocessor, and digital control signals are
generated based on control algorithnms and transmitted to field devices
in order to achieve a set of predefined conditions.

Distributed Control System A systemin which the processing of system
data i s decentralized and control decisions can and are made at the
subsystem |l evel. System operational prograns and information are
provided to the renpte subsystens and status is reported back to the
Engi neering Control Center. Upon the |oss of communication with the
Engi neering Control center, the subsystens shall be capabl e of
operating in a stand-al one node using the | ast best avail abl e data.
Downl oad: The electronic transfer of progranms and data files froma
central conputer or operation workstation with secondary nenory devices
to renpte conputers in a network (distributed) system

DXF: An Aut oCAD 2-D graphics file format. Many CAD systens inport and
export the DXF format for graphics interchange.

El ectrical Control: A control circuit that operates on |ine or |ow

vol tage and uses a nechani cal nmeans, such as a tenperature sensitive

bi metal or bellows, to performcontrol functions, such as actuating a
switch or positioning a potentioneter.

El ectronic Control: A control circuit that operates on | ow voltage and
uses a solid-state conmponents to anplify input signals and perform
control functions, such as operating a relay or providing an out put

signal to position an actuator.
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BB.

EE.

Engi neering Control Center (ECC): The centralized control point for
the intelligent control network. The ECC conprises of persona
comput er and connected devices to forma single workstation.

Ethernet: A trademark for a system for exchangi ng messages between
conputers on a local area network using coaxial, fiber optic, or

tw sted-pair cables.

Firmvare: Firmnvare is software progranmed into read only nenory (ROM
chips. Software nmay not be changed without physically altering the
chi p.

FTT-10: Echelon Transmtter-Free Topol ogy Transceiver.

G F:. Abbreviation of Graphic interchange fornat.

Graphic Program (GP): Program used to produce i mages of air handl er
systens, fans, chillers, punps, and buil ding spaces. These imges can
be ani mat ed and/or col or-coded to indicate operation of the equiprent.
Graphi ¢ Sequence of Operation: It is a graphical representation of the
sequence of operation, showing all inputs and output |ogical blocks.
/O Unit: The section of a digital control systemthrough which
information is received and transmitted. 1/Orefers to anal og i nput
(A, digital input (D), analog output (AO and digital output (DO.
Anal og signals are continuous and represent tenperature, pressure, flow
rate etc, whereas digital signals convert electronic signals to digital
pul ses (values), represent notor status, filter status, on-off

equi pnent etc.

I/P. Internet Protocol-global network, connecting workstations and

ot her host conputers, servers etc. to share the information.

JPEG A standardi zed i mage conpressi on nechani sm stands for Joint
Phot ogr aphi ¢ Experts Group, the original nane of the comittee that
wrote the standard.

Local Area Network (LAN): A communication bus that interconnects
operator workstation and digital controllers for peer-to-peer

conmuni cations, sharing resources and exchangi ng i nformati on.

LonMark: An association conprising of suppliers and installers of
LonTal k products. The Association provides guidelines for the

i mpl ementati on of the LonTal k protocol to ensure interoperability

t hrough Standard i npl ementati on.

LonTal k:  An open standard protocol devel oped by the Echel on

Cor poration that uses a “Neuron Chip” for comrunication

LonWwrks: Network technol ogy devel oped by the Echel on Corporati on.
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FF.

HH.

JJ.

KK.

LL.

NN.

Net wor k: A set of conputers or other digital devices comrunicating with
each other over a nedium such as wire, coax, fiber optics cable etc.

Net work Area Controller: Digital controller, supports a famly of
auxiliary control units and unitary control units, and conmunicates
with peer-to-peer network for transm ssion of gl obal data.

Net wor k Repeater: A device that receives data packet from one network
and rebroadcasts to another network. No routing information is added
to the protocol

VMS/ TP:  Mast er-sl ave/ t oken- passi ng.

Operating system (0OS): Software, which controls the execution of
comput er application prograns.

PCX: File type for an inage file. When photographs are scanned onto a
personal conputer they can be saved as PCX files and vi ewed or changed
by a special application program as Photo Shop.

Peripheral: Different conponents that nmake the control system function
as one unit. Peripherals include nonitor, printer, and /O unit.
Peer-to-Peer: A networking architecture that treats all network
stations as equal partners.

PICS: Protocol |nplenentation Conformance Statenent.

UCU: Unitary Control Unit, digital controller, dedicated to a specific
pi ece of equi pnent, such as VAV boxes, chillers, fan coil units, heat

exchangers etc.

1.4 QUALITY ASSURANCE
A Criteria:

1. The Controls Subcontractor shall be a primary equi pment
manuf act ur er- owned branch office that is regularly engaged in the
engi neering, programming, installation and service of tota
integrated Facility Managenent Systens of simlar size, scope and
conplexity to the EEC specified in this Contract. Distributors,
manuf acturer’s representati ves and whol esalers will not be
accept abl e.

2. Single Source Responsibility of subcontractor: The Contractor shal
obtai n hardware and software supplied under this Section and
del egates the responsibility to a single source controls
installation subcontractor. The controls subcontractor shall be
responsible for the conplete design, installation, and commi ssi oni ng
of the system The controls subcontractor shall be in the business
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of design, installation and service of such buil ding automation
control systens sinmlar in size and conplexity.

3. Equi prent and Materials: Equipnent and materials shall be catal oged
products of manufacturers regularly engaged in production and
installation of HVAC control systens. Products shall be
manufacturer’s | atest standard design and have been tested and
proven in actual use.

4. The controls subcontractor shall provide a list of no I ess than five
sim lar projects which have building control systems as specified in
this Section. These projects nust be on-line and functional such
that the Departnent of Veterans Affairs (VA) representative woul d
observe the control systens in full operation

5. The controls subcontractor shall have (m nimum of three years)
experience in design and installation of building automati on systens
simlar in performance to those specified in this Section. Provide
evi dence of experience by submitting resunes of the project nanager,
the local branch nanager, project engineer, the application
engi neering staff, and the electronic technicians who woul d be
i nvol ved with the supervision, the engineering, and the installation
of the control systens. Training and experience of these personne
shal |l not be less than three years. Failure to disclose this
information will be a ground for disqualification of the supplier.

6. The controls subcontractor shall have in-place facility within 50
mles with technical staff, spare parts inventory for the next five
(5) years, and necessary test and di agnostic equi pment to support
the control systens.

7. Provide a conpetent and experienced Project Manager enployed by the
Controls Contractor. The Project Manager shall be supported as
necessary by other Contractor enployees in order to provide
prof essi onal engi neering, technical and nanagenent service for the
wor k. The Project Manager shall attend schedul ed Project Meetings
as required and shall be enpowered to make technical, scheduling and
rel ated deci sions on behalf of the Controls Contractor.

B. Codes and Standards:

1. Al work shall conformto the applicable Codes and Standards.

2. Electronic equipnent shall conformto the requirenments of FCC
Regul ation, Part 15, Governing Radi o Frequency El ectromagnetic

Interference, and be so | abel ed.
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3. Peer-to-peer controllers, unitary controllers shall conformto the
requi rements of UL 916, Category PAZX

1.5 PERFORVANCE

A

The system shall conformto the follow ng:

1. Performance: Programmabl e Controllers shall be able to execute DDC
PID control |oops at a selectable frequency fromat |east once every
five (5) seconds. The controller shall scan and update the process
val ue and output generated by this calculation at this same
frequency.

2. Multiple Alarm Annunci ations: All workstations on the network shal
receive alarns within (5) seconds of each other.

3. Reporting Accuracy: Listed below are m ni mum acceptabl e reporting

accuracies for all values reported by the specified system

1.6 WARRANTY

A

Labor and materials for control systens shall be warranted for a period
of 2 years. Al Labor, Equipnent, Parts and Service are included.
Quarterly inspections to ensure system conpliance are included. All
system updates are al so incl uded.

Control systemfailures during the warranty period shall be adjusted,
repaired, or replaced at no cost or reduction in service to the owner.
The systemincludes all conputer equipnent, transm ssion equi prent, and
all sensors and control devices

Control s subcontractor shall be responsible for tenporary operations
and nai nt enance of the control systems during the construction period
until final commr ssioning, training of facility operators and
acceptance of the project by VA

The report shall clearly certify that the software package is in
wor ki ng condition and all sensors are duly calibrated

Pneumatic Controls : The controls Supplier shall inspect and report
any deficiencies in the existing controls air systemso that any
necessary repairs can be made by the CGovernnent. The intent is to reuse
the existing controls air systemas required

1.7 SUBM TTALS

A

Submit shop drawi ngs in accordance with Section 01 33 23, SHOP
DRAW NGS, PRODUCT DATA, AND SAMPLES
Manufacturer’s literature and data for all conponents including the

fol | owi ng:
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1. Awiring diagramfor each type of input device and output device
i ncluding DDC controll ers, nodens, repeaters, etc. Diagram shall
show how t he device is wired and powered, show ng typical
connections at the digital controllers and each power supply, as
wel | as the device itself. Show for all field connected devices,
including but not limted to, control relays, notor starters,
electric or electronic actuators, and tenperature pressure, and
transmitters.

2. A diagram of each terminal strip, including digital controller
termnal strips, terminal strip |ocation, termination nunbers and
t he associ at ed poi nt nanes.

3. Control danpers and control valves schedul e, including the size and
pressure drop.

4., Catalog cut sheets of all equipnent used. This includes, but is not
limted to DDC controllers, panels, peripherals, and auxiliary
control devices such as sensors, actuators, and control danpers.
When manufacturer’s cut sheets apply to a product series rather than
a specific product, the data specifically applicable to the project
shal | be highlighted. Each subnmitted piece of literature and
drawi ngs should clearly reference the specification and/or draw ngs
that it supposed to represent.

5. Sequence of operations for each HVAC system and the associ at ed
control diagrans. Equipnent and control |abels shall correspond to
t hose shown on the draw ngs.

6. Color prints of proposed graphics with a list of points for display.

7. Furnish PICS for each BACNET conpliant devi ce.

C. Product Certificates: Conpliance with Article, QUALITY ASSURANCE.
D. As Built Control Draw ngs:

1. Furnish three (3) copies of as-built draw ngs for each control
system The docunents shall be submitted for approval prior to
final conpletion.

2. Furnish one (1) stick set of applicable control systemprints for
each nmechani cal systemfor wall nounting. The docunments shall be
subnmitted for approval prior to final conpletion.

3. Furnish one (1) CD-ROMin CAD DW5 and/or .DXF format for the
drawi ngs noted in subparagraphs above.

E. Operation and Mai ntenance (O M Mnual s):
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1

Submit in accordance with Article, I NSTRUCTIONS, in Specification

Section 01 00 00, GENERAL REQUI REMENTS

I nclude the foll owi ng docunentation:

a. General description and specifications for all conponents,

i ncl udi ng |1 ogging on/off, alarm handling, producing trend
reports, overriding computer control, and changi ng set points and
ot her vari abl es.

b. Detailed illustrations of all the control systens specified for
ease of nmai ntenance and repair/replacenment procedures, and
conpl ete calibration procedures.

c. One copy of the final version of all software provided including
operating systens, programni ng | anguage, operator workstation
sof tware, and graphics software.

d. Conpl ete troubl eshooting procedures and gui delines for al
syst ens.

e. Conplete operating instructions for all systens.

f. Reconmended preventive mai ntenance procedures for all system
conponent s including a schedul e of tasks for inspection, cleaning
and calibration. Provide a |list of recommended spare parts needed
to minimze downti ne.

g. Licenses, guaranty, and other pertaining docunents for al
equi pnent and syst ens.

h. Training Manuals: Submt the course outline and training materia
to the Owmer for approval three (3) weeks prior to the training
to VA facility personnel. These persons will be responsible for
mai nt ai ni ng and the operation of the control systens, including
progranm ng. The Owner reserves the right to nodify any or all of

the course outline and training nmaterial .

F. Subnmit Performance Report to COR prior to final inspection.
1.8 | NSTRUCTI ONS

1

Instructions to VA operations personnel: Performin accordance with
Article, INSTRUCTIONS, in Specification Section 01 00 00, GENERAL
REQUI REMENTS, and as noted bel ow. First Phase: Formal instructions
to the VA facilities personnel for a total of 16 hours, conducted
sonmeti me between the conpleted installation and prior to the
performance test period of the control system at a tinme nmutually

agreeable to the Contractor and the VA
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2. Second Phase: This phase of training shall conprise of on the job
training during start-up, checkout period, and performance test
period. VA facilities personnel will work with the Contractor’s
installation and test personnel on a daily basis during start-up and
checkout period. During the performance test period, controls
subcontractor will provide 8 hours of instructions to the VA
facilities personnel.

3. The O M Manual s shall contain approved subnmittals as outlined in
Article 1.7, SUBM TTALS. The Controls subcontractor will review the
manual contents with VA facilities personnel during second phase of
t rai ni ng.

4. Training by independent or franchised deal ers who are not direct
enpl oyees of the controls supplier will not be acceptable

1.9 PRQIECT CONDI TI ONS ( ENVI RONVENTAL CONDI TI ONS OF OPERATI ON)

A

The ECC and peri pheral devices and system support equi pment shall be
designed to operate in anbient condition of 20 to 35 degrees C (65 to
90 degrees F) at a relative hunmidity of 20 to 80 percent non-
condensi ng.

The CUs and associ ated equi prent used in controlled environnment shal

be mounted in NEMA 1 encl osures for operation at 0 to 50 degrees C (32
to 122 degrees F) at a relative hunmdity of 10 to 90 percent non-
condensi ng.

The CUs used outdoors shall be mounted in NEMA 4 wat erproof encl osures,
and shall be rated for operation at —40 to 65 degrees C (-40 to 150
degrees F).

Al'l el ectronic equiprment shall operate properly with power fluctuations
of plus 10 percent to minus 15 percent of nom nal supply voltage.
Sensors and controlling devices shall be designed to operate in the

envi ronnent, which they are sensing or controlling.

1.10 APPLI CABLE PUBLI CATI ONS

A

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

American Society of Heating, Refrigerating, and Air-Conditioning

Engi neers ( ASHRAE)

Standard 135-04......... BACNET Bui | di ng Automati on and Control Networks
American Soci ety of Mechani cal Engi neers (ASME)
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B16.18-01............... Cast Copper All oy Sol der Joint Pressure

Fittings.

B16.22-01............... W ought Copper and Copper Alloy Sol der Joint
Pressure Fittings.

BPVC-CC-N-04. ........... Boi | er and Pressure Vessel Code

American Society of Testing Materials (ASTM:

B32-04.................. Standard Specification for Sol der Metal

B88-03.................. Standard Specifications for Seanl ess Copper
Wat er Tube

B88MO5................. St andard Specification for Seanl ess Copper
Wat er Tube (Metric)

B280-03................. Standard Specification for Seam ess Copper Tube
for Air-Conditioning and Refrigeration Field
Servi ce

D2737-03................ Standard Specification for Polyethyl ene (PE)

Pl asti c Tubi ng
Federal Conmuni cati on Comm ssion (FCC):
Rul es and Regul ations Title 47 Chapter 1-2001 Part 15. Radi o Frequency
Devi ces.
Institute of Electrical and El ectroni c Engi neers (I|EEE):
802.3-05................ I nformati on Technol ogy- Tel ecomuni cati ons and
I nformati on Exchange between Systens-Local and
Met ropolitan Area Networks- Specific
Requi rements-Part 3: Carrier Sense Multiple
Access with Collision Detection (CSMA/ CD)
Access method and Physical Layer Specifications
I nstrunent Society of Anerica (ISA):

7.0.01-1996............. Quality Standard for Instrument Air

National Fire Protection Association (NFPA):

70-05. . ... Nat i onal Electric Code

90A-02.......... . Standard for Installation of Air-Conditioning

and Ventilation Systens
Underwriter Laboratories Inc (UL):

94-06........... ... Tests for Flanmmability of Plastic Materials for
Parts and Devices and Appliances

294-05...... ... ... . . Access Control System Units

486A/ 486B-04-........... Wre Connectors

555S-03......... ... ..., Standard for Snoke Danpers
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A

916-Rev 2-04............ Ener gy Managenent Equi prent

1076- 05 Proprietary Burglar Alarm Units and Systens
PART 2 — PRODUCTS
2.1 CONTROLS SYSTEM ARCHI TECTURE

Cener al

1

The Specifications for the individua

shal |

The Controls Systens shall consist of nultiple Nodes and

associ ated equi pnent connected by industry standard digital and

comuni cati on network arrangenents.

The principal network computer equipnent shall be standard

products of recogni zed naj or nanufacturers avail abl e t hrough

normal PC and conputer vendor channels — not "d ones" assenbl ed
by a third-party subcontractor.

Provide licenses for all software residing on and used by the

Controls Systens and transfer these licenses to the Omer prior

to conpletion

The networks shall, at mninmum conprise, as necessary, the

fol | owi ng:

a. Routers, bridges, swtches, hubs, nodens, interfaces and the
i ke comuni cati on equi prent.

b. Active processing network area controllers connected to
progranmabl e field panels and controllers together with their
power supplies and associ ated equi pnent.

Addr essabl e el enents, sensors, transducers and end devi ces.
Third-party equi pnent interfaces as required by the
Contract Docunents.

e. O her conponents required for a conplete and working Contro
Systens as specified

el enents and conponent subsystens

be m ni mumrequirenents and shall be augnmented as necessary by

the Contractor to achieve both conpliance with all applicabl e codes,

standards and to neet all requirenents of the Contract Docunents.
Net wor k Architecture

1. The Controls Systens Application network shall utilize an open

architecture capable of each and all of the follow ng

Utilizing standard Ethernet communi cations and operate at a

nm ni mum speed of 10/100 Mo/ sec.

b. Connecting via BACNET with ANSI/ASHRAE Standard 135
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D. Thi

c. LonMark as per ANSI/EIA 709 (LonWsrks) to LonMark FTT-10
transcei vers.

The networks shall utilize only copper and optical fiber

comuni cati on nedia as appropriate and shall conply with applicable

codes, ordinances and regul ations. They may also utilize digital

wirel ess technologies if required by the VA

Al'l necessary tel ephone lines, ISDN Iines and internet Service

Provi der services and connections will be provided by the owner.

The Controls Contractor shall provide all IT interfacing equi pnent

and cabling to a detail coordinated with the Oaner.

rd Party Interfaces:

The Controls Systens shall include necessary hardware, equi pnent and

software to all ow data comruni cati ons between the Controls Systens

and buil di ng systens supplied by other trades.

The other manufacturers and contractors supplying ot her associ ated

systens and equi pnment will provide their necessary hardware,

software and start-up at their cost and will cooperate fully with

the Controls Contractor in a tinmely manner and at their cost to

ensure conplete functional integration.

E. Servers:

1

Provi de Controls Systens Application Server(s) to archive historica
data including trends, alarm and event histories and transaction

| ogs.

Equi p these Server(s) with the sane software Tool Set that is
located in the Network Area Controllers for systemconfiguration and
custom |l ogic definition and col or graphic configuration.

Access to all information on the Controls Systems Server(s) shall be
t hrough the sanme browser Operator Interface functionality used to
access individual nodes. Wen |ogged onto a Server the Operator

will be able to also interact with any other NAC on the Controls as
required for the functional operation of the Controls Systens, the
Controls Contractor shall provide all necessary digital processor
progranmabl e Server(s). These Server(s) shall be utilized for
Controls Systens Application configuration, for archiving, reporting
and trending of data, for Operator transaction archiving and
reporting, for network information nanagenent, for alarm

annunci ation, for Operator Interface tasks, for Controls Application

managenent and the like. These Server(s) shall utilize IT industry
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standard data base platforns such as Mcrosoft SQ. Server and

M crosoft Data Engi ne (MSDE) or approved equal .

2.2 DI RECT DI d TAL CONTROLLERS
A. (NAC) Network Area Controllers shall be stand-alone, nulti-tasking
mul ti-user, real-time digital processor conplete with all hardware,

sof tware, and comuni cations interfaces, power supplies. The Controls

System shal | be designed and inpl enented entirely for use and operation

on the Internet. NACs shall have access to data within the industry

standard IT network to the Data Server and ot her NACs as needed to

acconplish required global control strategies.

1

NACs shal |l provide both standal one and networked direct digita
control of nechanical and electrical building systemcontrollers as
required by the Specifications. The primry NAC shall support a

nm ni mum of [5,000] field points together with all associated
features, sequences, schedul es, applications required for a fully
functional distributed processing operation.

NACs shall nonitor and report comunication status to the Controls
Systens Application. The Controls Systens shall provide a system
advi sory upon conmuni cation failure and restoration.

Al'l NACs on the network shall be equipped with all software
functionality necessary to operate the conplete user interface,

i ncl udi ng graphics, via a Browser connected to the Node on the
network or directly via a |local port on the NAC

Al'l NAC shall be provided with face mounted LED type annunciation to
continually display its operational node, power and comuni cati ons.
The controllers shall reside on the BACnet Ethernet (ISO 8802-3)

| ocal area network and provide Read (Initiate) and Wite (Execute)
services as defined in Causes 15.5 and 15.8, respectively of ASHRAE
Standard 135, to comuni cate BACnet objects. bjects supported
shall include: Anal og input, anal og output, anal og val ue, binary

i nput, binary output, binary value, and device.

Each NAC shall be provided with the necessary un-interruptible power
facilities to ensure its continued normal operation during periods
of line power outages of, at mninmum 1-mnute duration. Norma
functionality shall include all nornmal software processing,

conmuni cation with powered field devices and network conmuni cati ons
with other powered Controls Systens NAC, Data Servers and OA5. Each

NAC shal |l report its communi cation status to the Application. The
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10.

11.

12.

Application shall provide a system advi sory upon comruni cati on

failure and restoration. Each NAC shall retain program contro

al gorithms, and setpoint information in non-volatile nenory in the

event of a power failure, and shall return to normal operation upon

restoration of power.

Each NAC shall have sufficient menory to support its operating

system database, and programrequirenments, including the follow ng:

a. Device and network nanagenent.

b. Data sharing

c. Alarm and event managenent includi ng custom al arm nessages for
each level alarmfor the points noted in the 1/0O Schedul e.

d. Energy nanagenent.

@

H storical trend data for points specified.

—

Mai nt enance report.

g. Schedul i ng.

h. Dial up and network comunicati ons.

i . Manual override nonitoring.

Each NAC shall support firnmnare upgrades without the need to replace
hardware and shall have a m ni mum of 15 percent spare capacity of
secondary systemcontrollers, point capacity and progranm ng

functi ons.

Each NAC shall continuously performself-diagnostics, conmunication
di agnosi s, and provide both |ocal and renote annunci ati on of any
det ected conponent failures, |ow battery condition; and upon failure
shal | assune the predeterni ned failure node

Each NAC shall nmonitor the status of all overrides and informthe
operator that automatic control has inhibited, and allow the
operator to nmanually override automatic or centrally executed
comand.

Provide the capability to generate and nodify the Controls Systens
Application software-based sequences, database el enents, associated
operational definition information and user-required revisions to
same at any designated Wrkstation together with the nmeans to

downl oad sane to the associated System Controllers

In the event of |oss of normal power, there shall be orderly shut
down of the controllers to prevent the | oss of database or software

progranm ng. \Wen power is restored flash nenory, battery backup or

23 09 23 - 16



super capacitor will be automatically | oaded into non-volatile flash

menory and shall be incorporated for all programr ng data.

B. Provide |I/O npdul e that connects sensors and actuators onto the field

bus network for use by the direct digital controllers. 1/0 devices

shal | support the conmunication technol ogy specified for each

controller.

1. Analog input shall allow the nonitoring of |ow voltage (0-10 VDQ),

current (4-20 ma), or resistance signals (thermistor, RTD). Analog
i nput shall be conpatible with, and field configurable to comonly
avai |l abl e sensi ng devices. Analog output shall provide a nodul ating
signal for these control devices.

Bi nary inputs shall allow the nonitoring of on/off signals from
renote devices. Binary inputs shall provide a wetting current of at
least 12 millianmps to be conpatible with conmonly avail abl e control
devi ces. Binary outputs shall provide on/off operation, or a pulsed
| ow vol tage signal for pulse width nodulation control. OQutputs
shall be selectable for either nornmally open or normally closed
oper at i on.

Bi nary outputs on renpte and auxiliary controllers shall have 3-
position (on/off/auto) override switches and status lights. Analog
outputs on renote and auxiliary controllers shall have status lights
and a 2-position (auto/manual) switch and manual | y adj ustabl e

pot enti oneter for manual override.

Each output point shall be provided with a light emtting di ode

(LED) to indicate status of outputs.

C. Communi cation Ports:

1.

NACs controllers in the DDC systens shall be connected in a system
| ocal area network using protocol defined by ASHRAE Standard 135,
BACnet protocol .

The control supplier shall provide connectors, repeaters, hubs, and
routers necessary for inter-network conmuni cation.

M ni mum baud rate between the peer-to-peer controllers in the system
LAN shall be maintained at the rate of 10 Mops. M ni mum baud for
the low |l evel controllers between UCUs and ACUs, ACUs and NAC s
shall be nmintained at the rate of 76 Kbps.

Provide RS-232 port with DB-9 or RJ-11 connector for comrunication
with each controller that will allow direct connection of standard

printers, operator terminals, nodens, and portable | aptop operator’s
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terminal. Controllers shall allow tenporary use of portable devices
wi thout interrupting the normal operation of pernmanently connected
nodens, printers or termnals.

5. Dat abase, such as points; status information, reports, system
software, custom prograns of any one controller shall be readabl e by
any other controller on the network.

D. Electric Qutlet: Provide a single phase, 120 VAC el ectri cal
receptacles inside or within 2 neters (6 feet) of the NAC and ACU
encl osures for use with test equi pnent.

E. Spare Equi pnent:

1. Provide spare digital controller (CU boards and spare |1/O boards as
required. It shall be possible for trai ned hospital personnel to
repl ace CU boards and | oad software via the Laptop conputer or the
ECC.

2. Provide a mninmum of one spare digital controller board of each type
and associated parts including batteries to make at |east one
conpl ete set of DDC control equipnent spares.

3. If 1/O boards are separate fromthe CU boards, provide two spare |/0O
boards for each spare CU board provi ded above.

2.3 DI RECT DI G TAL CONTROLLER SOFTWARE

A. The software prograns specified in this section shall be comrercially
avai | abl e, concurrent, multi-tasking operating system and support the
use of software application that operates under Mcrosoft W ndows.

B. All points shall be identified by up to 30-character point nane and 16-
character point descriptor. The sane nanmes shall be used at the
oper at or wor kst ati on.

C. Al control functions shall execute within the stand-al one control
units via DDC algorithns. The VA shall be able to custonize control
strategi es and sequences of operations defining the appropriate control
| oop al gorithms and choosing the opti num | oop paraneters.

D. AIl CU s shall be capable of being programmed to utilize stored default
val ues for assured fail-safe operation of critical processes. Default
val ues shall be invoked upon sensor failure or, if the primary value is
normal |y provided by the central or another CU, or by |loss of bus
conmuni cation. Individual application software packages shall be
structured to assune a fail-safe condition upon | oss of input sensors.
Loss of an input sensor shall result in output of a sensor-failed

23 09 23 - 18



nmessage at the ECC workstation. Each ACU and RCU shall have capability

for local readouts of all functions. The UCUs shall be read renptely.

All DDC control |oops shall be able to utilize any of the follow ng

control nodes:

1. Two position (on-off, slowfast) control.

2. Proportional control

3. Proportional plus integral (Pl) control

4. Proportional plus integral plus derivative (PID) control. Al PID
prograns shall automatically invoke integral wi nd up prevention
routi nes whenever the controlled unit is off, under manual contro
of an automation systemor tinme initiated program

5. Autonmatic tuning of control |oops.

System Security: Operator access shall be secured using individual

password and operator’s nanme. Passwords shall restrict the operator to

the level of object, applications, and system functions assigned to
him A mninmmof six (6) levels of security for operator access shal
be provided.

Application Software: The CUs shall provide the follow ng prograns as

a mninmum for the purpose of optimzing energy consunption while

mai nt ai ni ng confortabl e environnent for occupants. Al application

software shall reside and run in the systemdigital controllers.

Editing of the application shall occur at the operator workstation or

via a portable workstation, when it is necessary, to access directly

the programabl e unit.

1. Night Setback/Mrning Warmup Control: The systemshall provide the
ability to automatically adjust set points for this node of
operati on.

2. Optimum Start/Stop (0SS): Optinumstart/stop program shall
automatically be coordinated with event scheduling. The OSS program
shal | start HVAC equi pnent at the |atest possible tinme that wll
al l ow the equi pnment to achi eve the desired zone condition by the
time of occupancy, and it shall also shut down HVAC equi pnent at the
earliest possible tine before the end of the occupancy period and
still maintain desired confort conditions. The OSS program shal
consi der both outside weather conditions and inside zone conditions.
The program shall automatically assign longer |lead times for weekend
and holiday shutdowns. The programshall poll all zones served by

t he associated AHU and shall sel ect the warnest and cool est zones.
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These shall be used in the start time calculation. 1t shall be
possi bl e to assign occupancy start tinmes on a per air handler unit
basis. The programshall neet the | ocal code requirenents for

m ni mum outdoor air while the building is occupied. Modification of
assi gned occupancy start/stop tinmes shall be possible via operator’s
wor kst ati on.

Event Schedul ing: Provide a conprehensive nmenu driven programto
automatically start and stop and provide port load control for

desi gnated points or a group of points according to a stored tine.
This program shall provide the capability to individually command a
poi nt or group of points. Wen points are assigned to one common
load group it shall be possible to assign variable tine
advances/ del ays between each successive start or stop within that
group. Scheduling shall be cal endar based and advance schedul es may
be defined up to one year in advance. Advance schedul e shal
override the day-to-day schedule. The operator shall be able to
define the follow ng infornmation

a. Tine, day.

b. Commands such as on, off, auto.

c. Tinme del ays between successive comrands.

d. Manual overriding of each schedul e.

e. Allow operator intervention.

Al arm Reporting: The operator shall be able to determi ne the action
to be taken in the event of an alarm Alarnms shall be routed to the
appropriate workstations based on time and events. An alarmshall be
able to start prograns, login the event, print and display the
nmessages. The systemshall allow the operator to prioritize the
alarns to mninize nuisance reporting and to speed operator’s
response to critical alarms. A mninmmof six (6) priority levels
of alarns shall be provided for each point.

Rermpt e Conmruni cations: The system shall have the ability to dia

out in the event of an alarmto workstations and al pha-nuneric
pagers. The al arm nmessage shall include the nanme of the calling

| ocation, the device that generated the alarm and the al arm nessage
itself. The operator shall be able to renptely access and operate
the systemusing dial up comrunications. Renbte access shall allow

the operator to function the sane as |ocal access.
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6. Mai ntenance Managenment (PM: The program shall nonitor equi prment
status and generate mai ntenance nessages based upon the operators
defined equi pnent run tine, starts, and/or cal endar date linmts. A
preventative mai ntenance alarm shall be printed indicating
mai nt enance requirements based on pre-defined run tine. Each
preventive nessage shall include point description, limt criteria
and preventative nmaintenance instruction assigned to that Iimt. A
nm ni mum of 480-character PM shall be provided for each conmponent of
units such as air handling units.

2.4 SENSCRS (AR, WATER AND STEAM)
A. Tenperature Sensors:

1. Electronic Sensors: Provide all renpte sensors as required for the
systens. Reuse signal from existing sensors or fromfactory nounted
equi pnent sensors wherever possible. Al sensors shall be vibration
and corrosion resistant for wall, immersion, and/or duct nounting.
a. Tenperature Sensors: Thermistor type for terminal units and

Resi stance Tenperature Device (RTD) with an integral transmtter

type for all other sensors.

1) Inmmrersion sensors shall be provided with a separable well nmade
of stainless steel, bronze or nonel material. Pressure rating
of well is to be consistent with the system pressure in which
it is to be installed.

2) Space sensors shall be equi pped with set-point adjustnent,
override switch, display, and/or conmunication port as shown
on the drawings. Match roomthernostats, |ocking cover.

3) Wre: Twisted, shielded-pair cable.

4) Qutput Signal: 4-20 ne.

B. Flow swi tches:

1. Shall be either paddle or differential pressure type.

a. Paddl e-type switches (liquid service only) shall be UL Listed,
SPDT snap-acting, adjustable sensitivity with NEMA 4 encl osure.

b. Differential pressure type switches (air or water service) shall
be UL |isted, SPDT snap acting, NEMA 4 enclosure, with scale
range and differential suitable for specified application.

C. Current Switches: Current operated switches shall be self powered,
solid state with adjustable trip current as well as status, power, and
relay conmand status LED indication. The switches shall be selected to
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mat ch the current of the application and output requirenents of the DDC

syst ens.

2.5 ENG NEERI NG CONTROL CENTER ( ECC) —OPERATOR S WORKSTATI ON
A. Reuse existing operator workstation(s).
B. ECC Sof tware:

1

The Controls Systens Operator Interfaces shall be user friendly,
readi |y understood and shall nake maxi mum use of col ors, graphics,

i cons, enbedded i mages, animation, text based information and data
vi sual i zati on techni ques to enhance and sinplify the use and
under st andi ng of the displays by authorized users at the ECC.

User access shall be protected by a flexible and Owmer re-definable
sof t war e- based password access protection. Password protection
shall be multi-level and partitionable to accommpdate the varied
access requirenents of the different user groups to which individua
users nay be assigned. Provide the nmeans to define uni que access
privileges for each individual authorized user. Provide the neans
to on-line nanage password access control under the control of a
proj ect specific Master Password. Provide an audit trail of al

user activity on the Controls Systens including all actions and

changes.

C. The systemshall be conpletely field-progranmable fromthe common

© ® NGO A DN

operator’s keyboard thus allowi ng hard disk storage of all data
automatically. Al prograns for the CUs shall be able to be
downl coaded fromthe hard disk. The software shall provide the
follow ng functionality as a m ni num

Poi nt dat abase editing, storage and downl oadi ng of controller
dat abases.

Schedul i ng and override of building environnental control systens.
Col | ection and anal ysis of historical data.

Alarmreporting, routing, nessaging, and acknow edgenent.
Definition and construction of dynami c col or graphic displays.
Real -ti me graphical viewing and control of environnent.
Schedul i ng trend reports.

Program editing

Operating activity |log and system security.

10. Transfer data to third party software.

11. System shall have full range manual settings.
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D. Provide graphical user software, which shall minimze the use of
keyboard t hrough the use of the nouse and "point and click" approach to
menu sel ecti on.

E. The software shall provide a nmulti-tasking type environnment that wll
all ow the user to run several applications sinultaneously. The npuse
or Alt-Tab keys shall be used to quickly select and switch between
nmultiple applications. The operator shall be able autonmatically export
data to and work in Mcrosoft Wrd, Excel, and other W ndows based
software prograns, while concurrently on-line system al arns and
nmoni toring i nformation.

F. Provide functionality such that using the | east ambunt of steps to
initiate the desired event may performany of the follow ng
si mul t aneousl y:

1. Dynamic col or graphics and graphic control.

Al ar m nanagenent .

Event schedul i ng.

Dynanmic trend definition and presentation.

Program and dat abase editing.

o0k wDb

Each operator shall be required to log on to the systemw th a user
nane and password to view, edit or delete the data. System security
shal | be sel ectable for each operator, and the password shall be
able to restrict the operator’s access for viewi ng and changi ng the
system prograns. Each operator shall autonmatically be | ogged off
the systemif no keyboard or nouse activity is detected for a

sel ected tine.

G Graphic Displ ays:

1. The workstation shall allow the operator to access various system
schematics and floor plans via a graphical penetration schenme, nenu
sel ection, or text based commands. Gaphic software shall permt
the inmporting of AutoCAD or scanned pictures in the industry
standard format (such as PCX, BMP, G F, and JPEG for use in the
system

2. Dynam c tenperature values, humidity values, flow rates, and status
i ndi cation shall be shown in their |ocations and shall automatically
update to represent current conditions wthout operator intervention
and w thout pre-defined screen refresh val ues.

3. Color shall be used to indicate status and change in status of the

equi pnent. The state col ors shall be user definable.
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4.

5.

A dynam ¢ display of the site-specific architecture showi ng status
of the controllers, PC workstations and network shall be provided.
Provi de graphi cs showi ng conpl ete range (0-100% for equi pnent
havi ng VSD.

H. Trend reports shall be generated on denand or pre-defined schedul e and

directed to nonitor display, printers or disk. As a mininmm the

system shall allow the operator to easily obtain the follow ng types of

reports:

1. A general list of all selected points in the network.
2. List of all points in the alarm

3. List of all points in the override status.

4. List of all disabled points.

5. List of all points currently |ocked out.

6. List of user accounts and password access | evels.

7. List of weekly schedul es.

8. List of holiday programi ng.

9. List of Iimts and dead bands.

10. Customreports

11. System di agnostic reports, including, list of digital controllers on

12.

t he net wor k.

Li st of prograns.

I. Scheduling and Overri de:

1

Provide a cal endar type format for tine-of-day scheduling and
overrides of building control systenms. Schedules reside in the PC
wor kstation, digital controllers shall ensure equi pnment tine
scheduling when PCis off-line. PC shall not be required to execute
time scheduling. Provide override access through nenu sel ection or
function key. Provide the follow ng spreadsheet graphics as a

m ni num

a. Weekly schedul es.

b. Zone schedul es, m ni mum of 100 zones.

c. Scheduling up to 365 days in advance.

d. Schedul ed reports to print at workstation.

J. Collection and Anal ysis of Historical Data:

1

Provide trending capabilities that will allow the operator to
nmonitor and store records of systemactivity over an extended peri od
of time. Points may be trended automatically on tine based

i ntervals or change of value, both of which shall be user definable.

23 09 23 - 24



The trend interval could be five (5 mnutes to 120 hours. Trend
data may be stored on hard disk for future diagnostic and reporting.
Additionally trend data may be archived to network drives or
removabl e di sk media for off-site retrieval

Reports may be customi zed to include individual points or predefined
groups of at least six points. Provide additional functionality to
al |l ow pre-defined groups of up to 250 trended points to be easily
accessi bl e by other industry standard word processing and
spreadsheet packages. The reports shall be tinme and date stanped
and shall contain a report title and the name of the facility.
System shall have the set up to generate spreadsheet reports to
track energy usage and cost based on weekly or monthly interval,
equi pment run tinmes, equipnent efficiency, and/or building

envi ronnmental conditions.

Provide additional functionality that will allow the operator to
view real tine trend data on trend graph displays. A mininmmof 20
poi nts may be graphed regardl ess of whet her they have been
predefined for trending. In addition, the user nmay pause the graph
and take snapshots of the screens to be stored on the workstation
disk for future reference and trend anal ysis. Exact point val ues
may be viewed and the graph may be printed. Operator shall be able
to command points directly on the trend plot by double clicking on
t he point.

K. Al ar m Managenent :

1

Alarmrouting shall allow the operator to send alarmnotification to
sel ected printers or operator workstation based on tinme of day,

al arm severity, or point type.

Alarm notification shall be provided via two alarmicons, to

di stingui sh between routine, maintenance type alarns and critica
alarnms. The critical alarns shall display on the screen at the tine
of its occurrence, while others shall display by clicking on their

i con.

Alarm di splay shall list the alarns with highest priority at the top
of the display. The alarmdisplay shall provide sel ector buttons
for display of the associated point graphic and nessage in English

| anguage. The operator shall be able to sort out the al arns.
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4. Al arm nessages shall be custonized for each point to display
detailed instructions to the operator regarding actions to take in
the event of an alarm

5. An operator with proper security |evel access may acknow edge and
clear the alarm All that have not been cleared shall be archived
at workstation disk.

L. C ock Synchronizati on:

The system shall be able to automatically synchronize all system cl ocks

from any operator-designated device in the system and shall adjust for

dayl i ght savings and standard tine, if applicable. |In the event of a

power failure, all clocks shall be adjusted on the command of an

operator if the power outage is extended beyond 72 hours.
M Renpte Conmuni cati ons:

The system shall have the ability to dial out in the event of an alarm

Recei vers shall include operator workstations, e-nail addresses, and

al pha- nuneri ¢ pagers. The al arm nessage shall include the nanme of the

calling location, the device that generated the alarm and the alarm

nessage itself.
N. System Confi guration:

1. Network control strategies shall not be restricted to a single
digital controller, but shall be able to include data fromall other
network devices to all ow the devel opment of gl obal contro
strat egi es.

2. Provide automatic backup and restore of all digital controller
dat abases on the workstation hard disk. |In addition to all backup
data, all databases shall be performed while the workstation is on-
line without disturbing other system operations.

2.6 CONTROL CABLES
As specified in Division 26.
2.7 THERMOSTATS
A. Roomthernostats controlling heating and cooling devices shall have
three nodes of operation (heating - null or dead band - cooling). Wl
nmount ed t hernostats shall have polished or brushed al um num finish,

set poi nt range and tenperature display and external adjustnent:

1. Electronic Thernostats: Solid-state, mcroprocessor based,
progranmabl e to daily, weekend, and holiday schedul es.

a. Public Space Thernpstat: Public space thernpstat shall be a

pl ati num sensor and shall not have a visible nmeans of set point
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adj ustnment. Adjustnent shall be via the digital controller to
which it is connected

b. Battery replacenent w thout program| oss.

2.8 FINAL CONTRCL ELEMENTS AND OPERATORS

A. Fail Safe Operation: Control valves and danpers shall provide "fai

safe" operation in either the normally open or normally cl osed position

as required for freeze, noisture, and snoke or fire protection.

B. Spring Ranges: Range as required for system sequencing and to provide
tight shut-off.
C. Control Valves

1

Val ves shall be rated for a mnimum of 150 percent of system

operating pressure at the valve location but not [ess than 900 kPa

(125 psigQ).

Val ves 50 mm (2 inches) and smaller shall be bronze body wth

t hreaded or flare connecti ons.

Val ves 60 nm (2 1/2 inches) and |l arger shall be bronze or iron body

with flanged connecti ons.

Brass or bronze seats except for valves controlling nmedia above 100

degrees C (210 degrees F), which shall have stainless steel seats.

Fl ow characteristics:

a. Three way val ves shall have a linear relation or equal percentage
relation of flow versus val ue position.

b. Two-way val ves position versus flow relation shall be linear for
steam and equal percentage for water flow control

Maxi mum pressure drop:
Two position steamcontrol: 20 percent of inlet gauge pressure.

b. Modul ating Steam Control: 80 percent of inlet gauge pressure
(acoustic velocity limtation).

c. Modulating water flow control, greater of 3 neters (10 feet) of
wat er or the pressure drop through the apparatus.

d. Two position water valves shall be |ine size.

D. Danper and Valve Operators and Rel ays:

1

Pneuratic operators, spring return type with non-ferrous netal
bel | ows or di aphragm of neoprene or other elastoner. Bellows or

di aphragm shal |l be of sufficient size so that a change in operating
pressure of not nore than two (2) percent of the total notor
operating pressure range will be required to start the valve or

danmper noving. Provide positive positioning or sequencing rel ays
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wi th adjustabl e operating range and starting point for operators
sequenced with other operators to permt adjustment of contro
sequences, except for control valves in confined spaces in termna
units, which may use springs with range selected to provide
necessary sequenci ng.

2. Electric danper operator shall provide full nodul ating control of
danpers. A linkage and pushrod shall be furnished for nounting the
actuator on the danper frame internally in the duct or externally in
the duct or externally on the duct wall, or shall be furnished with
a direct-coupl ed design.

2.9 CONTROL Al R SUPPLY
A. Control air piping shall be copper tubing for pressure above 300 kPa

(45 psig) and where non-netallic tubing is not allowed. Conceal piping

except in mechanical roons or areas where other piping is exposed.

1. Metal tubing: Type L seanl ess copper tubing, ASTM B88 or Type ACR
ASTM B280, hard drawn where exposed and either hard drawn or
anneal ed where conceal ed.

a. Fitting shall be tool nmade bends; sol der or brazed joint wought
copper, ANSI B16.18 or B16.22; or flared conpression, ANSI
B16. 26.

b. Solder: ASTM B32 50-50 tin/lead.

2. Non-netallic tubing: Virgin Polyethylene, flame retardant,
conplying with ASTM D 2737 with flame-retardant harness for nmultiple
t ubi ng.

a. Fittings: Conpression or push-on polyethylene fittings.

b. Non-netallic tubing may be used in-1lieu-of copper tubing for
control airlines operating at 300 kPa (45 psig) or |ess and not
nore than 55 degrees C (125 degrees F).

3. Electronics Panel: Electronics Panel shall consist of a surface
nmount ed encl osure conplete with solid-state m croprocessor and
sof t war e.

a. Electronics Panel shall be A/C powered 120 VAC and shall have the
capability to transnit signals of 0-5 VDC, 0-10 VCD or 4-20 ma
for use in control of the HVAC Systens. The el ectronic panel
shal | have the capability to accept user defined scaling
paraneters for all output signals.
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b. Electronics Panel shall have the capability to digitally display
airflowin CFM and tenperature in degrees F. The displays shall
be provided as an integral part of the electronics panel. The
el ectroni ¢ panel shall have the capability to totalize the output
flowin CFMfor two or nore systens, as required. A single
out put signal nmay be provided which will equal the sum of the
systens totalized. OQutput signals shall be provided for
tenperature and airflow. Provide renpte mounted air flow or
tenperature displays where indicated on the plans.

c. Electronics Panel shall have the foll ow ng:

1.) Mnimmof 1-bit A/ D conversion.

2.) Field adjustable digital primary output offset and gain.

3.) Airflow anal og output scaling of 100 to 10,000 FPM

4.) Tenperature anal og out put scaling from-45 to 70 degrees C
(-50 to 16 degrees F).

5.) Analog output resolution (full scale output) of 0.025%

d. Al readings shall be inI.P. S/ 1. units.

4. Thermal flow sensors and its electronics shall be installed as per
manufacturer’s instructions. The probe sensor density shall be as

foll ows:

Probe Sensor Density
Area (sq. ft) Qy. Sensors
>=1 2
>1 to >4 4
4 to >8 6
8 to >12 8
12 to >16 12
>=16 16

a. Conplete installation shall not exhibit nore than = 2. 0% error
in airflow neasurenent output for variations in the angle of flow
of up to 10 percent in any direction fromits calibrated
orientation. Repeatability of readings shall be wthin +0.25%
PART 3 — EXECUTI ON
3.1  SEQUENCE OF OPERATI ON

Mechani cal Cool i ng and Heati ng
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3.

2

1. The PTAC s and ductless mni splits shall be equipped with integral

controls and shall be nmonitored by the ECC

2. The dupl ex steam condensate receiver and punps shall be controlled by
t he ESS.

| NSTALLATI ON
A. General

1. Exanine project plans for control devices and equi prment | ocations;
and report any discrepancies, conflicts, or om ssions to COR for
resol ution before proceeding for installation

2. Install equipnment, piping, wiring / conduit parallel to or at right
angles to building lines.

3. Install all equipnent and piping in readily accessible |ocations. Do
not run tubing and conduit conceal ed under insulation or inside
duct s.

4. Mount control devices, tubing and conduit | ocated on ducts and
apparatus with external insulation on standoff support to avoid
interference with insulation.

5. Provide sufficient slack and flexi ble connections to allow for
vi bration of piping and equi prent.

6. Run tubing and wire connecting devices on or in control cabinets
parallel with the sides of the cabinet neatly racked to permit
tracing.

7. Install equipnent |evel and pl unb.

B. Piping Installation:

1. Except for short apparatus connections, non-netallic tubing in al
exposed | ocations, including nmechanical roonms shall be protected
from danage by installing the tubing in electric conduit or
raceways. Provide protective grommet where tubing exits conduit.

2. Non-netallic tubing exposed to outdoors shall be protected by a
sl eeve or larger tubing

3. I n conceal ed but accessible |ocations such as above lay-in ceilings,
non-netal lic tubing may be run wthout conduit or raceway.

4. Al tubing which is not run in conduit or raceway, both netallic and
non-netallic, shall be neatly routed and securely fastened to
buil ding structure at not nore than 36-1N. intervals.

5. Label and identify control air piping

C. Electrical Wring Installation:
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Install conduits and wiring in accordance with Specification Section
26 05 33, RACEWAY AND BOXES FOR ELECTRI CAL SYSTEMS
Install signal and conmunication cables in accordance with
Specification Section 26 05 21, LOWMVOLTAGE ELECTRI CAL POVER
CONDUCTORS AND CABLES (600 VOLTS AND BELOW .
Install conduit and wiring between operator workstation(s), digital
controllers, electrical panels, indicating devices, instrunmentation,
ni scel | aneous al arm poi nts, thernpstats, and relays as shown on the
drawi ngs or as required under this section. Al wiring shall be
installed in conduits.
Install all electrical work required for a fully functional system
and not shown on electrical plans or required by electrica
specifications. Were |ow voltage power is required, provide
sui tabl e transfornmers.
Install all system conponents in accordance with |ocal Building Code
and National Electric Code
a. Splices: Splices in shielded and coaxial cables shall consist of
termnati ons and the use of shielded cable couplers.
Terninations shall be in accessible locations. Cables shall be
harnessed with cable ties.
b. Equipnent: Fit all equipnment contained in cabinets or panels
with service | oops, each |oop being at | east 300 mm (12 inches)
I ong. Equipnent for fiber optics systemshall be rack nounted,
as applicable, in ventilated, self-supporting, code gauge stee
encl osure. Cables shall be supported for m ni nrum sag.
c. Cable Runs: Keep cable runs as short as possible. Al low extra
I ength for connecting to the term nal board. Do not bend
flexible coaxial cables in a radius less than ten times the cable
out si de di aneter
d. Use vinyl tape, sleeves, or gromets to protect cables from
vi bration at points where they pass around sharp corners, through
wal | s, panel cabinets, etc.
Conceal cables, except in nechanical roons and areas where other
conduits and pi ping are exposed.
Permanently | abel or code each point of all field termnal strips to
show the instrument or item served. Color-coded cable with cable

di agranms may be used to acconplish cable identification.
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8. Grounding: Gound electrical systems per manufacturer’s witten

requi rements for proper and safe operation.

D. Install Sensors and Controls:

1. Tenperature Sensors:

a.

Install all sensors and instrunentation according to
manufacturer’s witten instructions. Tenperature sensor

| ocations shall be readily accessible, permitting quick

repl acement and servicing of them without special skills and

t ool s.

Calibrate sensors to accuracy specified, if not factory

cal i brated.

Use of sensors shall be linted to its duty, e.g., duct sensor
shall not be used in lieu of room sensor.

Install room sensors permanently supported on wall franme. They
shal | be mounted at 1.5 neter (5.0 feet) above the finished

fl oor.

Mount sensors rigidly and adequately for the environment within
whi ch the sensor operates

Sensors used in mxing plenum and hot and col d decks shall be of
the averagi ng of type. Averaging sensors shall be installed in a
serpentine manner horizontally across duct. Each bend shall be
supported with a capillary clip.

Al'l pipe nmounted tenperature sensors shall be installed in wells
All wires attached to sensors shall be air sealed in their
conduits or in the wall to stop air transmitted fromother areas
af fecti ng sensor reading.

Permanently mark term nal blocks for identification. Protect al
circuits to avoid interruption of service due to short-circuiting
or other conditions. Line-protect all wiring that comes from
external sources to the site fromlightning and static

electricity.

2. Pressure Sensors:

a.

Install duct static pressure sensor tips facing directly

downst ream of airflow

Install high-pressure side of the differential switch between the
punp di scharge and the check val ve

Install snubbers and isolation val ves on steam pressure sensing

devi ces.
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3. Actuators:

a.

Mount and |ink danmper and val ve actuators according to

manuf acturer’s witten instructions.

Check operation of danper/actuator conbination to confirmthat

act uat or nodul at es danper snoothly throughout stroke to both open
and cl osed position.

Check operation of valve/actuator conbination to confirmthat
actuat or nodul ates val ve snoothly in both open and cl osed

posi tion.

4. Fl ow Switches:

a.

cC.
d.

Install flow switch according to manufacturer’s witten

i nstructions.

Mount flow switch a mnimum of 5 pipe dianeters up streamand 5
pi pe di aneters downstream or 600 nm (2 feet) whichever is
greater, fromfittings and other obstructions.

Assure correct flow direction and alignnent.

Mount in horizontal piping-flow switch on top of the pipe.

E. Installation of Network:

1.

Et her net :

a. The network shall enploy Ethernet LAN architecture, as defined by
| EEE 802.3. The Network Interface shall be fully Internet
Protocol (IP) conpliant allow ng connection to currently
install ed | EEE 802. 3, Conpliant Ethernet Networks.

b. The network shall directly support connectivity to a variety of
cabling types. As a mininumprovide the follow ng connectivity:
10 Base 2 (ThinNet RG 58 A/ U Coaxial cabling with BNC
connectors), 10 Base T (Twi sted-Pair RJ-45 term nated UTP
cabling).

Echel on:

a. The ECC shall enploy LonTal k conmmruni cati ons FTT-10.

b. Echelon LAN (Flat LON): The ECC shall enploy a LON LAN that will
connect through an Echel on Communi cation card directly to al
controllers on the FTT-10 LAN

Third Party Interfaces: Contractor shall integrate real-tine data

from buil ding systens by other trades and dat abases originating from

ot her manufacturers as specified and required to nake the system

wor k as one system

F. Installation of Digital Controllers and Programi ng:
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3.

3

Provide a separate digital control panel for each nmajor piece of
equi pnent, such as air handling unit, chiller, punping unit etc.

Poi nts used for control |oop reset such as outdoor air, outdoor

hum dity, or space tenperature could be |located on any of the renote
control units.

Provide sufficient internal nmenory for the specified contro
sequences and trend | ogging. There shall be a mninum of 25 percent
of available nenory free for future use.

System poi nt nanmes shall be nodular in design, pernmitting easy
operator interface without the use of a witten point index.

Provi de software progranmm ng for the applications intended for the
systens specified, and adhere to the strategy algorithns provided.
Provi de graphics for each piece of equiprment and floor plan in the
building. This includes each chiller, cooling tower, air handling
unit, fan, termnal unit, boiler, punping unit etc. These graphics

shal |l show all points dynanically as specified in the point |ist.

SYSTEM VALI DATI ON AND DEMONSTRATI ON

As part of final system acceptance, a System Denponstration is required

(see below). Prior to start of this Denponstration, the contractor is

to performa conplete Validation of all aspects of the Controls and

I nstrunentati on System
B. Validation

1

Prepare and submit for approval a Validation Test Plan including
Test Procedures for the performance verification tests. Test Plan
shall address all specified functions of the Engineering Contro
Center and all specified sequences of operation. Explain in detail
actions and expected results used to denonstrate conpliance with the
requi rements of this specification. Explain the nethod for

simul ating the necessary conditions of operation used to denpnstrate
performance of the system Test Plan shall include a Test Check
List to be used by the Installer’s agent to check and initial that
each test has been successfully conpleted. Deliver Test Plan
docunentation for the perfornmance verification tests to the owner’s
representative 30 days prior to start of perfornmance verification
tests. Provide draft copy of operation and neintenance manual with
performance verification test.

After approval of the Validation Test Plan, Installer shall carry

out all tests and procedures therein. Installer shall conpletely
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check out, calibrate, and test all connected hardware and software
to insure that system perforns in accordance with approved
speci fications and sequences of operation submitted. Installer

shall conplete and submt Test Check List.

C. Denobnstration

1

System operation and calibration to be denonstrated by the Installer
in the presence of the Architect or COR representative on random
sanpl es of equi pnent as dictated by the COR  Shoul d random sanpling
i ndi cate i nproper conmi ssioning, the owner reserves the right to
subsequently wi tness conplete calibration of the systemat no

addi tion cost to the owner

Dermonstrate to authorities that all required safeties and life

safety functions are fully functional and conplete.

Make accessi bl e, personnel to provide necessary adjustnments and

corrections to systens as directed by bal anci ng agency.

The fol lowi ng witnessed denonstrations of field control equiprent

shal I be incl uded:

a. Pressure test control air piping at 1.25 times the design
pressure. Pressure shall be applied in several stages, allow ng
time for the systemto reach equilibrium The test pressure
shal | not exceed the pneumatic test pressure for any punp, valve,
or other conponent in the systemunder test. Pressure shall not
drop nore than 5% w thin 4 hours.

b. Cbserve HVAC systens in shut down condition. Check danpers and
val ves for normal position

c. Test application software for its ability to communicate with
digital controllers, operator workstation, and uploadi ng and
downl oadi ng of control prograns.

d. Denpbnstrate the software ability to edit the control program off-
l'ine.

e. Denonstrate reporting of alarmconditions for each al arm and
ensure that these alarns are received at the assigned | ocation,

i ncl udi ng operator workstations.

f. Denpbnstrate ability of software programto function for the
i nt ended applications-trend reports, change in status etc.

g. Denobnstrate via graphed trends to show the sequence of operation

is executed in correct manner, and that the HVAC systens operate
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properly through the conpl ete sequence of operation, e.g.
seasonal change, occupi ed/ unoccupi ed nmode, and warm up condition.
Denmonstrate hardware interl ocks and safeties functions, and that
the control systens performthe correct sequence of operation
after power |oss and resunption of power | oss.

Prepare and deliver to the VA graphed trends of all control | oops
to denonstrate that each control loop is stable and the set

poi nts are naintai ned.

Denmonstrate that each control | oop responds to set point

adj ustment and stabilizes within one (1) mnute. Control |oop
trend data shall be instantaneous and the tinme between data

poi nts shall not be greater than one (1) ninute.
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