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SECTI ON 23 09 54.00 20

DI RECT DI G TAL CONTROL SYSTEMS
07/ 07

PART 1 GENERAL
1.1 RELATED REQUI REMENTS

Section 23 03 00.00 20 BASI C MECHANI CAL MATERI ALS AND METHODS, applies to
this section, with the additions and nodifications specified herein

1.2 SUBCONTRACTOR SPECI AL REQUI REMENTS

Performall work in this section in accordance with the paragraph entitled
"Subcontractor Special Requirenents” in Section 01 30 00 ADM NI STRATI VE
REQUI REMENTS. The paragraph specifies that all contract requirenents of
this section shall be acconplished directly by a first tier subcontractor
No work required shall be acconplished by a second tier subcontractor

1.3 DEFI NI TI ONS
1.3.1 Digital Controller

A control nodul e which is m croprocessor based, programuable by the user
has integral input/output within the nodule or on network connected
nodul es, and perforns stand-al one operations.

1.3.2 Direct Digital Control (DDC)

Digital controls, as defined in this specification, perform ng control
logic. The controller directly senses building environment and nakes
control decisions based on user defined, controller resident prograns. The
control l er outputs control signals that directly operate val ves, danpers,
and notor controllers. No conventional control devices, pneumatic or

el ectronic, such as receiver-controllers, thernostats, and logic units are
present within or interface with a direct digital control |oop. Actuators
are electric or pneunatic, and the controller output is converted to the
appropriate type of signal

1.3.3 DDC System

A system nade up of one or nore digital controllers which conmunicate on a
net wor k.

1.3. 4 Di stri buted Control

The intent of distributed control is to install the controllers near their
respective controll ed equi pnent. The control system consists of
stand-al one controllers, with the total nunber of input and output points
l[imted to 48 or less per controller. Failure of any single controller
will not cause the | oss of nore then 48 control points.
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3.5 Dynami ¢ Control

A process that optimzes energy efficiency of HVAC systens (air handling
units, converters, chillers, and boilers) by increasing and decreasing
setpoints or starting and stopping equi pnent in response to heating and
cooling needs of the facility. A requirenent of dynamic control is know ng
t he heating/cooling denand status of the process. Therefore dynam c control
requires controllers connected in a comuni cati ons networKk.

.3.6 Fi r mnvar e

Firmvare is software programmed into read only nenory (ROM and erasabl e
progranmmabl e read only nenmory (EPROV) chips. Software may not be changed
wi t hout physically altering the chip

.3.7 Hand- Hel d Term na

A hand-held terminal is a manufacturer specific device connected directly
to a conmunications port on a controller, through which the controller is
accessed and, in sone cases, progranmed.

.3.8 I nput/Qutput (1/0O Points

I/O points refer to analog inputs (Al), digital inputs (D), anal og outputs
(AO), and digital outputs (DO in a digital controller. Another termfor
digital inputs and outputs is binary inputs and outputs. |Inputs are from
anal og sensors (tenperature, pressure, hunmdity, flow) and digital sensors
(rmotor status, flow switches, switch position, and pul se output devices).
Qut puts operate nodul ati ng and on/of f control devices.

.3.9 | / O Expansi on Uni t

An 1/ 0O expansion unit provides additional point capacity to a digita
control l er and comuni cates with the stand-al one digital controller on a
LAN. An I/Ouwunit is not stand-al one because the control program does not
reside in the I/Ounit. An I/O expander which connects directly to a stand
al one controller through a multi-line mcroprocessor bus is restricted to
reside within 3 feet of the stand alone controller and is considered part
of the stand al one controller

1.3.10 Local Area Network (LAN)

a. A comunications bus that interconnects digital controllers for
peer-to-peer (see "peer-to-peer" below comunications.
Different levels of LANs are possible within a single DDC system
In this case, a digital controller on a higher level LAN acts as a
network controller to the controllers on the |lower |evel LAN. The
network controller, then, has at |east two LAN conmuni cations
ports. One port supports peer-to-peer conmuni cations with other
digital controllers on the higher level LAN. The other port
supports comuni cations with the digital controllers on the | ower
| evel LAN

b. LANs permt sharing global information. This allows building and
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site wide control strategies such as peak denmand liniting, dynamc
control strategies, coordinated response to alarmconditions, and
renote nonitoring and programm ng of digital controllers.

1.3.11 M cropr ocessor

A mcroprocessor refers to the central processing unit (CPU that contains
all registers and logic circuitry that allow digital controllers to
functi on.

1.3.12 Qut put Si gnal Conversion

Qut put signal conversion refers to changi ng one kind of control output into
a proportionally related signal appropriate for direct actuation of the
control |l ed device. An exanple is converting a 4 to 20 mA or 0 to 10 VDC
signal to a proportional 3 to 15 psig signal to operate a pneumatic
actuator.

1.3.13 Optinum Start

Optimum start is a method of starting HVAC equi prent prior to schedul ed
occupancy in order to have the building at setpoint when occupied. Optinum
start is based on the zone tenperatures, zone setpoints, and outdoor

t emper at ure.

1.3.14 Peer -t 0- Peer

Peer-to-peer refers to controllers connected on a conmuni cati ons LAN t hat
act independently, as equals, and conmunicate with each other to pass
i nformation.

1.3.15 PI D

PID refers to proportional, integral, and derivative control; the three
types of action that are used in controlling nodul ati ng equi pnent.

1.3.16 Resol ution

Refers to the nunber of possible states an input value or output value can
take and is a function of the digital controller 1/Ocircuitry; the AAD
converter for input and the DA converter for output. Ten bit resolution
has 1024 possi bl e states.

1.3.17 St and- Al one Contr ol

Refers to the digital controller perfornming required climte control, and
ener gy nanagenent functions w thout connection to another digita
controller or conputer. Requirements for stand-al one control are a tine
clock, a mcroprocessor, resident control progranms, PID control, and I/Q
Al'l stand-al one controllers have a conmunication port and firmware for
direct connection and interrogation with a |aptop conputer or sinilar
hand- hel d device. This interrogation includes paraneter changes and

pr ogr am downl oads.
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1.3.18 Term nal Control Unit (TCU)

An off-the-shelf, stand-alone digital controller equipped for conmunication
on a lower level LAN. TCUs nay deviate from stand-al one only in receiving
energy nanagenent and tinme information froma stand alone digita
controller. A TCUis comonly application specific and is used for

di stributed control of specific HVAC subsystens. A TCU comunicates with
other digital controllers. Typically, a TCU communicates on a | ower |evel
LAN. Exanpl es where TCUs are used include snall air handling units (AHUs),
variable air volune (VAV) boxes, fan coil units, and heat punps.

1.4 DESCRI PTI ON

a. Ceneral : The control system shall consist of a high-speed,
peer-to-peer network of DDC controllers and a web-based operat or
interface. Depict each nechanical system and building floor plan
by a point-and-click graphic. A web server with a network
interface card shall gather data fromthis system and generate web
pages accessi ble through a conventional web browser on each PC
connected to the network. Operators shall be able to perform al
normal operator functions through the web browser interface.

b. The systemshall directly control HVAC equi pnent as specified
on drawi ngs. Each zone controller shall provide occupied and
unoccupi ed nodes of operation by individual zone. Furnish energy
conservation features such as optinal start and stop, night

set back, request-based |ogic, and denmand | evel adjustnent of
setpoints as specified.

C. Provide for future system expansion to include nonitoring of
occupant card access, fire alarm and |lighting control systens.

d. System shall use the BACnet protocol for comrunication to the
operator workstation or web server and for comuni cati on between
control nodul es. Schedul es, setpoints, trends, and al arns
speci fied on drawi ngs shall be BACnet objects.

1.5 APPROVED CONTROL SYSTEMS

1.5.1 The followi ng are approved control sysem suppliers, manufacturers,

and product |ines.

Suppl i er Manuf act ur er Product Line

Harris Sales & Service Aut omat ed Logi ¢ Corporation WebCTRL

1.5.2 The above list is al phabetical and does not indicate preference.
Inclusion on this |list does not guarantee acceptance of products or
installation. Control systens shall conply with the terns of this

speci fication.

a. The Contractor shall use only operator workstation software
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controll er software, custom application progranmni ng | anguage, and
controllers fromthe correspondi ng manufacturer and product line
unl ess Omer approves use of nultiple manufacturers.

b. O her products specified herein (such as sensors, valves,
danpers, and actuators) need not be manufactured by the above
manuf act ur ers.

6  QUALI TY ASSURANCE
Install er and Manufacturer Qualifications

a. Install er shall have an established working relationship with
Control System Manufacturer.

b. Install er shall have successfully conpleted Control System
Manufacturer's control systemtraining. Upon request, Installer
shal | present record of conpleted training including course
outl i nes.

7 CCDES AND STANDARDS

Work, materials, and equi pnent shall conply with the nost restrictive of

| ocal, state, and federal authorities' codes and ordi nances or these plans
and specifications. As a minimum the installation shall conply with
current editions in effect 30 days prior to receipt of bids of the
fol |l owi ng codes:

a. ANSI / ASHRAE 135-2004: Data Communi cati on Protocol for
Bui | di ng Aut omation and Control Systens (BACNET)

. 8 SYSTEM PERFORVANCE

.8.1 Per f or mance St andar ds

System shall conformto the foll owi ng m ni nrum standards over network
connections. Systens shall be tested using manufacturer's reconmended
hardware and software for operator workstation (server and browser for
web- based systens).

a. Graphic Display. A graphic with 20 dynanic points shal
display with current data within 10 sec.

b. Graphic Refresh. A graphic with 20 dynanic points shal
update with current data within 8 sec. and shall automatically
refresh every 15 sec.

C. Configuration and Tuni ng Screens. Screens used for
configuring, calibrating, or tuning points, PID |oops, and simlar
control logic shall automatically refresh within 6 sec

d. bj ect Command. Devices shall react to command of a binary

object within 2 sec. Devices shall begin reacting to command of an
anal og object within 2 sec.
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e. Al arm Response Tinme. An object that goes into alarmshall be
annunci ated at the workstation within 15 sec.

f. Pr ogram Executi on Frequency. Custom and standard applications
shal | be capable of running as often as once every 5 sec. Select
execution tines consistent with the nmechani cal process under
control.

g. Per f ormance. Programmabl e controllers shall be able to

conpl etely execute DDC PID control |oops at a frequency adjustable
down to once per sec. Select execution tinmes consistent with the
mechani cal process under control.

h. Mul tipl e Al arm Annunci ati on. Each workstation on the network
shall receive alarns within 5 sec of other workstations.

i. Reporting Accuracy. Systemshall report values with m ni num
end-to-end accuracy listed in Table 1.

j. Control Stability and Accuracy. Control |oops shall maintain
measured variable at setpoint within tolerances listed in Table 2.

Table 1
Reporting Accuracy

Measured Vari abl e Reported Accuracy

Space Tenperature +0.5°C (z1°F)

Ducted Air +0.5°C (z1°F)

Qutside Air +1.0°C (£2°F)

Dew Poi nt +1.5°C (£3°F)

Wat er Tenperature +0.5°C (z1°F)

Delta-T +0. 15°C (0. 25°F)

Rel ative Hum dity +5% RH

Water Fl ow +2% of full scale

Airflow (term nal) +10% of full scale (see Note 1)
Airfl ow (nmeasuring stations) +5% of full scale

Airfl ow (pressurized spaces) +3% of full scale

Air Pressure (ducts) +25 Pa (0.1 in. wg.)

Air Pressure (space) +3 Pa (£0.01 in. w.g.)

Wat er Pressure +2% of full scale (see Note 2)
El ectrical (A V, W Power Factor) +1% of reading (see Note 3)
Car bon Monoxi de (CO +5% of readi ng

Car bon Di oxi de (CQ2) +50 ppm

Note 1. Accuracy applies to 10% - 100% of scale
Note 2: For both absolute and differential pressure
Note 3: Not including utility-supplied neters

Table 2
Control Stability and Accuracy

Control l ed Vari abl e Control Accuracy Range of Medi um
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Table 2
Air Pressure

Airflow

Space Tenperature
Duct Tenperature
Hum dity

Fl uid Pressure

9 SUBM TTALS

CGover nment approval

072007

+50 Pa(£0.2 in. wg.) O0-1.5 kPa (0-6 in. w.g.)

+3 Pa (£0.01 in. w.g.) -25 to 25 Pa
(-0.1to0.1in. wg.)

+10% of full scale

+1.0°C (£2.0°F)

+1.5°C (£3°F)

+5% RH
+10 kPa (+1.5 psi) +250 Pa (+£1.0 in. wg.)
MPa (1-150 psi) 0-12.5 kPa (0-50 in. wg.)

differenti al

is required for submttals with a "G' designation;

submttals not having a "G' designation are for Contractor Quality Control
approval . The followi ng shall be submtted in accordance with
Section 01 33 00 SUBM TTAL PROCEDURES:

SD-01 Preconstruction Submttals

Schedul es:

Schedul e of work provided within one nonth of contract

award, indicating:

I ntended sequence of work itens; G

Start date of each work item G

Duration of each work item G

Pl anned delivery dates for ordered nmaterial and equi pnment and
expected lead tines; G

M | estones indicating possible restraints on work by other trades
or situations; G

Monthly written status reports indicating work conpleted and
revisions to expected delivery dates. Include updated schedul e of

work; G

SD-02 Controlled Systens

Ri ser di agranms showi ng control network | ayout, conmmuni cation

pr ot ocol ,

and wire types; G

Schenmati ¢ di agram of each controlled system Label control points
with point names. Gaphically show | ocations of control elenments; G

Schematic wiring di agram of each controlled system Label control
elements and terninals. Wiere a control element is also shown on
control system schematic, use the sanme nane; G

Instrumentation list (Bill of Materials) for each controlled
system List each control systemelenent in a table. Show el enent
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nane, type of device, manufacturer, nodel nunber, and product data
sheet nunber; G
Conpl ete description of control system operation including
sequences of operation. Include and reference schenatic di agram of
controlled system List I/O points and software points specified

on drawi ngs. Indicate alarned and trended points; G

Description of process, report formats, and checklists to be used
in Paragraph 3.16 (Control System Denpbnstration and Acceptance); G

BACnet Protocol Inplenentation Confornmance Statenent (PICS) for
each submtted type of controller and operator interface; G

SD- 03 Product Data
Direct Digital Control Hardware

Complete bill of materials indicating quantity, nanufacturer,
nodel nunber, and rel evant technical data of equipnent to be used.

Manuf acturer's description and technical data such as perfornmance
curves, product specifications, and installation and mai nt enance
instructions for itenms listed bel ow and for relevant itenms not
listed bel ow

Direct digital controllers (controller panels); G

Tranducers and transnmitters; G

Sensors (include accuracy data); G

Actuators; G

Val ves; G

Rel ays and switches; G

Control panels; G

Power supplies; G

Batteries; G

Qperator interface equipnent; G

Wring;, G

Wring diagrans and |ayouts for each control panel. Show
term nation nunbers; G

Fl oor plan schematic diagrans indicating field sensor and
controller locations; G
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Ri ser di agranms showi ng control network | ayout, conmmuni cation
protocol and wire types; G
Central System Hardware and Sof t ware:

Complete bill of material indicating quantity, manufacturer, nodel
nunber, and rel evant technical data of equi pnent used; G

Manuf acturer's description and technical data such as product
specifications and installation and nmai ntenance instructions for
itens listed below and for relevant itens furnished under this
contract not listed bel ow

Central Processing Unit (CPU) or web server; G

Monitors; G

Keyboards; G

Power supplies; G

Battery backups; G

I nterface equi pnent between CPU or server and control panels; G
Operating System software; G

Qperator interface software; G

Col or graphic software; G

Third-party software; G

Schemati ¢ di agranms of control, conmunication, and power wiring for
central systeminstallation. Show interface wiring to contro

system; G

Network riser diagrans of wiring between central control unit and
control panels.; G

SD- 06 Test Reports
Testing and Conmi ssioni ng Reports and Checklists. Conpleted
versions of reports, checklists, and trend | ogs used to neet
requi renents of Paragraph 3.16 "Control System Denpbnstration and
Acceptance". G

SD-10 Operation and Mintenance (O8&\ Manual. Printed electronic, or
online hel p docunentation of the foll ow ng:

As-built versions of submittal product data; G
Nanes, addresses, and tel ephone nunbers of installing contractors

and service representatives for equipnent and control systens; G
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Qperator's manual with procedures for operating control systens:

| oggi ng on and off, handling alarns, producing point reports,
trendi ng data, overriding conputer control, and changi ng setpoints
and variables; G

Programm ng nmanual or set of nanuals with description of
progranmm ng | anguage and syntax, of statenents for algorithns and
cal cul ati ons used, of point database creation and nodification, of
program creation and nodification, and of editor use; G

Engi neering, installation, and nai ntenance nanual or set of
manual s that explains howto design and install new points,
panel s, and ot her hardware; how to perform preventive nmai ntenance
and calibration; how to debug hardware problens; and how to repair
or replace hardware; G

Docunent ati on of prograns created using custom progranm ng

| anguage i ncl udi ng setpoints, tuning paraneters, and object

dat abase. El ectronic copies of programs shall neet this
requirenent if control logic, setpoints, tuning paraneters, and
obj ects can be viewed using furnished progranm ng tools; G

Graphic files, prograns, and database on magnetic or optical nedia;
G

Li st of recommended spare parts with part nunbers and suppliers; G

Conpl ete original -i ssue docunentation, installation, and
mai nt enance information for furnished third-party hardware
i ncl udi ng conputer equi pnent and sensors; G

Conpl ete original -issue copies of furnished software, including
operating systens, custom progranmm ng | anguage, operator
wor kst ation or web server software, and graphics software; G

Li censes, guarantees, and warranty docunents for equi prent and
systens; G

Recommended preventive nmai nt enance procedures for system
conmponents, including schedule of tasks such as inspection
cleaning, and calibration; tinme between tasks; and task
descriptions; G

SD-11 C oseout Submittals

Project Record Docunents. Subnit three copies of record (as-built)
docunents upon conpl etion of installation for approval prior to
final conpletion. Submittal shall consist of:

Project Record Drawi ngs. As-built versions of submittal shop
drawi ngs provi ded as Aut oCAD 2006 (or newer) conpatible files on
magnetic or optical disk (file format: .DW5 .DXF, .VSD, or
conparable) and 6 prints of each drawing on 11" x 17" paper. G
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Training Materials. Provide course outline and materials for each
class at |east six weeks before first class. Training shall be
furnished via instructor-1ed sessions, conputer-based training, or
web- based training. G

Warranty

Warrant work as foll ows:

11

a. Warrant | abor and materials for specified control systemfree from
defects for a period of 12 nonths after final acceptance. Control
system failures during warranty period shall be adjusted, repaired, or
repl aced at no additional cost or reduction in service to the
Government. Respond during normal business hours within 24 hours of the
Governnent's warranty service request.

b. Work shall have a single warranty date, even if the Governnment
recei ves beneficial use due to early systemstart-up. If specified work
is split into multiple contracts or a multi-phase contract, each
contract or phase shall have a separate warranty start date and period.

C. If Contracting OFficer determ nes that equiprment and systens
operate satisfactorily at the end of final start-up, testing, and
conmi ssi oni ng phase, Contracting O ficer will certify in witing that
control system operation has been tested and accepted in accordance
with the terns of this specification. Date of acceptance shall begin
warranty peri od.

d. Provi de updates to operator workstation or web server software,
proj ect-specific software, graphic software, database software, and
firmvare that resolve Contractor-identified software deficiencies at no
charge during warranty period. If available, the Governnent can
purchase in-warranty service agreenent to receive upgrades for
functional enhancenents associated with above-nentioned itens. Do not
install updates or upgrades without the Governnent's witten

aut hori zati on.

e. Exception: Contractor shall not be required to warrant reused
devi ces except those that have been rebuilt or repaired. Installation
| abor and naterials shall be warranted. Denonstrate operable condition
of reused devices at tinme of Contracting Oficer's acceptance.

Ownership of Proprietery Materi al

Proj ect-specific software and docunentati on shall becone the Governnent's
property. This includes, but is not limted to:

Graphi cs

Record drawi ngs

Dat abase

Appl i cation progranm ng code
Docunent ati on

Panoop
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PART 2

2.

2.

1

PRODUCTS

Materi al s

Use new products the manufacturer is currently manufacturing and selling

for

use in new installations. Do not use this installation as a product

test site unless explicitly approved in witing by Owmer. Spare parts shal
be available for at least five years after conpletion of this contract.

2

Conmuni cat i on

a. Control products, conmunication nedia, connectors, repeaters,
hubs, and routers shall conprise a BACnet internetwork. Controller and
operator interface comunication shall conformto ANSI/ASHRAE St andard
135- 2004, BACnet.

b. Install new wiring and network devices as required to provide a
conpl ete and wor kabl e control network. Use existing Ethernet backbone
for network segnents marked "existing" on project draw ngs.

C. Each controller shall have a comunication port for tenporary
connection to a |laptop conputer or other operator interface. Connection
shal | support nenory downl oads and ot her conm ssioning and

t roubl eshooti ng operati ons.

d. I nternetwork operator interface and val ue passing shall be
transparent to internetwork architecture.

1. An operator interface connected to a controller shall allow
the operator to interface with each internetwork controller as if
directly connected. Controller information such as data, status,
and control algorithns shall be viewable and editable from each
internetwork controller

2. I nputs, outputs, and control variables used to integrate
control strategies across nultiple controllers shall be readabl e
by each controller on the internetwork. Program and test all
cross-controller links required to execute control strategies
specified on drawi ngs. An authorized operator shall be able to
edit cross-controller links by typing a standard object address or
by using a point-and-click interface.

e. Controllers with real-tinme clocks shall use the BACnet Tine
Synchroni zati on service. Systemshall automatically synchronize system
clocks daily froman operator-designated controller via the
internetwork. |If applicable, systemshall automatically adjust for
dayl i ght saving and standard ti ne.

f. System shall be expandable to at |east twi ce the required input
and output objects with additional controllers, associated devices, and
W ring.

g. System shal | support Wb services data exchange with any ot her
systemthat conplies with XM. (extensible nmarkup | anguage) and SOAP
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(sinple object access protocol) standards specified by the Wb Services
Interoperability Organization (Ws-1) Basic Profile 1.0 or higher. Wb
services support shall as a mninmum be provided at the workstation or
web server |evel and shall enable data to be read fromor witten to
the system

1. System shal | support Wb services read data requests by
retrieving requested trend data or point values (1/0O hardware
poi nts, anal og val ue software points, or binary value software
points) fromany systemcontroller or fromthe trend history
dat abase

2. System shal | support Wb services wite data request to each
anal og and bi nary object that can be edited through the system
operator interface by downl oading a nuneric value to the specified
obj ect.

3. For read or wite requests, the systemshall require user
nane and password authentication and shall support SSL (Secure
Socket Layer) or equival ent data encryption

4, System shal | support discovery through a Web servi ces
connection or shall provide a tool available through the Qperator
Interface that will reveal the path/identifier needed to allow a
third party Web services device to read data fromor wite data to
any object in the system which supports this service.

2.3 Qperator Interface

a. Qperator Interface. Wb server shall reside on high-speed network
with building controllers. Each standard browser connected to server
shal|l be able to access all systeminformation. In addition to the
primary operator interface, the systemshall include a secondary
interface conpatible with a locally available comercial wireless
networ k and viewable on a comrercially available wireless device such
as a Wrel ess Access Protocol (WAP) enabl ed cellul ar tel ephone or
personal digital assistant (PDA). This secondary interface may be
text-based and shall provide a summary of the nost inportant data. As a
mnimum the follow ng capabilities shall be provided through this

i nterface:

1. An operator authentication systemthat requires an operator
to log in before viewing or editing any data, and which can be
configured to limt the privileges of an individual operator

2. The ability to view and acknowl edge any alarmin the system
Alarnms or links to alarns shall be provided on a contiguous |ist
so the operator can quickly view all al arns.

3. A sunmary page or pages for each piece of equipnent in the
system This page shall include the current values of all critica
I/ O points and shall allow the operator to | ock binary points on
or off and to lock anal og points to any value within their range.
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4, Navi gation links that allow the operator to quickly navigate
fromthe hone screen to any piece of equipnent in the system and
then return to the hone screen. These links nmay be arranged in a
hi erarchi cal fashion, such as navigating fromthe hone screen to a
particular building, then to a specific floor in the building, and
then to a specific roomor piece of equipnent.

b. Communi cation. Wb server or workstation and controllers shal
conmuni cat e usi ng BACnet protocol. Wb server or workstation and
control network backbone shall conmunicate using | SO 8802-3 (Ethernet)
Dat a Li nk/ Physi cal |ayer protocol and BACnet/|P addressing as specified
i n ANSI/ ASHRAE 135-2004, BACnet Annex J.

c. Har dwar e. Each wor kstation or web server shall consist of the
fol | owi ng:

Har dwar e Base. |ndustry-standard hardware shall neet or exceed DDC
system nanuf acturer's reconmended specifications and shall neet
response tines specified in Paragraph 1.9. Hard di sk shall have
sufficient menory to store systemsoftware, one year of data for
trended points specified on drawi ngs, and a system dat abase at | east
twice the size of the existing database at system acceptance. Configure
conputers and network connections if multiple conputers are required to
neet specified nenory and perfornmance. Wb server or workstations shal
be 1 BM conpatible PCs with a m ni num of:

1 Intel Pentium 2.66 GHz processor

2. 1 GB RAM

3. GB hard disk providing data at 100 MB/ sec

4 48x CD-ROM dri ve

5. Serial, parallel, and network comruni cation ports and cabl es
required for proper system operation

d. Qperator Functions. Operator interface shall allow each authorized
operator to execute the follow ng functions as a m ni num

1. Log In and Log Qut. Systemshall require user nane and
password to log in to operator interface.

2. Poi nt -and-click Navigation. Operator interface shall be
graphi cally based and shall allow operators to access graphics for
equi pnent and geogr aphi ¢ areas using point-and-click navigation.

3. Vi ew and Adj ust Equi pnent Properties. Qperators shall be able
to view controlled equi pnent status and to adjust operating
paraneters such as setpoints, PID gains, on and off controls, and
sensor calibration.

4, Vi ew and Adj ust Operating Schedul es. Operators shall be able
to view schedul ed operating hours of each schedul abl e pi ece of

equi pnent on a weekly or nonthly cal endar-based graphi cal schedul e
di splay, to select and adjust each schedule and tinme period, and
to simultaneously schedul e rel ated equi pnent. System shall clearly
show exception schedul es and holidays on the schedul e di spl ay.
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5. Vi ew and Respond to Alarns. Qperators shall be able to view a
list of currently active systemalarns, to acknow edge each al arm
and to clear (delete) unneeded al arns.

6. Vi ew and Configure Trends. Operators shall be able to view a
trend graph of each trended point and to edit graph configuration
to display a specific tine period or data range. Qperator shall be
able to create customtrend graphs to display on the sane page
data fromnultiple trended points.

7. Vi ew and Configure Reports. Qperators shall be able to run
preconfigured reports, to viewreport results, and to custom ze
report configuration to show data of interest.

8. Manage Control System Hardware. Operators shall be able to
view controller status, to restart (reboot) each controller, and
to downl oad new control software to each controller

9. Manage Operator Access. Typically, only a few operators are
aut hori zed to nmanage operator access. Authorized operators shal
be able to view a list of operators with system access and of
functions they can performwhile | ogged in. Qperators shall be
able to add operators, to delete operators, and to edit operator
function authorization. Operator shall be able to authorize each
operator function separately.

e. Syst em Sof t war e

1. Qperating System Wb server shall have an industry-standard
pr of essi onal - grade operating system Acceptable systens include
M crosoft Wndows XP Pro, Red Hat Linux, or Sun Solaris.

2. System Graphics. Operator interface shall be graphically
based and shall include at |east one graphic per piece of

equi pnent or occupi ed zone, graphics for each chilled water and
hot water system and graphics that summari ze conditions on each
floor of each building included in this contract. Indicate therm
confort on floor plan summary graphics using dynanmic colors to
represent zone tenperature relative to zone setpoint.

i. Functionality. Gaphics shall allow operator to nonitor
system status, to view a summary of the nobst inportant data for
each controlled zone or piece of equipnent, to use point-and-click
navi gati on between zones or equi pnent, and to edit setpoints and
ot her specified paraneters.

ii. Ani mati on. Graphics shall be able to ani mate by di spl ayi ng
different image files for changed object status.

iii. Alarm I ndication. Indicate areas or equipnent in an alarm
condition using color or other visual indicator.

iV. Format. Graphics shall be saved in an industry-standard
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format such as BMP, JPEG PNG or A F. Wb-based system graphics
shal | be viewabl e on browsers conpatible with Wrld Wde Wb
Consortium browser standards. Wb graphic format shall require no
plug-in (such as HTM. and JavaScript) or shall only require w dely
avai | abl e no-cost plug-ins (such as Active-X and Macronedi a Fl ash).

f. System Tool s

System shall provide the followi ng functionality to authorized
operators as an integral part of the operator interface or as
stand-al one software prograns. |f furnished as part of the interface,
the tool shall be available fromeach workstation or web browser
interface. If furnished as a stand-al one program software shall be
installable on standard | BM conpatible PCs with no linmt on the nunber
of copies that can be installed under the systemlicense.

1. Aut omat i ¢ System Dat abase Configuration. Each workstation or
web server shall store on its hard disk a copy of the current
system dat abase, including controller firmvare and software.

St ored dat abase shall be automatically updated with each system
configuration or controller firmvare or software change

2. Controller Menory Downl oad. Operators shall be able to
downl oad nenory fromthe system database to each controller

3. System Configuration. Operators shall be able to configure
the system

4, Online Hel p. Context-sensitive online help for each too
shal | assist operators in operating and editing the system

5. Security. Systemshall require a user nane and password to
view, edit, add, or del ete data.

i. Qperator Access. Each user nanme and password conbi nation
shal | define accessible viewing, editing, adding, and del eting
functions in each systemapplication, editor, and object.

Aut hori zed operators shall be able to vary and deny each
operator's accessible functions based on equi pnent or geographic
| ocati on.

ii. Automatic Log Qut. Automatically |og out each operator if no
keyboard or nouse activity is detected. Qperators shall be able to
adj ust automatic | og out del ay.

iii. Encrypted Security Data. Store systemsecurity data
i ncludi ng operator passwords in an encrypted format. System shal
not display operator passwords.

6. System Di agnostics. Systemshall automatically nonitor
controller and 1/O point operation. System shall annunciate
controller failure and 1/0O point |ocking (nmanual overriding to a
fixed val ue).
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7. Al arm Processing. Systeminput and status objects shall be
configurable to alarmon departing fromand on returning to nornal
state. Operator shall be able to enable or disable each al arm and
to configure alarmlimts, alarmlimt differentials, alarm
states, and alarmreactions for each system object. Configure and
enabl e al arm points as specified on drawings. Alarns shall be
BACnet al arm obj ects and shall use BACnet al arm servi ces.

8. Al arm Messages. Al arm nessages shall use an English | anguage
descriptor without acronyns or mmenonics to describe al arm source,
| ocation, and nature.

9. Al arm Reactions. Qperator shall be able to configure (by
obj ect) actions workstation or web server shall initiate on
recei pt of each alarm As a mininmum workstation or web server
shall be able to log, print, start prograns, display nessages,
send e-mail, send page, and audi bly annunci ate.

10. Al arm Mai nt enance. Operators shall be able to view system
al arns and changes of state chronologically, to acknow edge and
delete alarns, and to archive closed alarns to the workstation or
web server hard di sk fromeach workstati on or web browser

i nterface.

11. Trend Configuration. Operator shall be able to configure
trend sanple or change of value (COV) interval, start tinme, and
stop time for each systemdata object and shall be able to
retrieve data for use in spreadsheets and standard dat abase
prograns. Controller shall sanple and store trend data and shal
be able to archive data to the hard disk. Configure trends as
specified on drawi ngs. Trends shall be BACnet trend objects.

12. bj ect and Property Status and Control. Operator shall be
able to view, and to edit if applicable, the status of each system
obj ect and property by nmenu, on graphics, or through custom

pr ogr ams.

13. Reports and Logs. Operator shall be able to select, to
nodi fy, to create, and to print reports and | ogs. Qperator shal
be able to store report data in a format accessible by standard
spreadsheet and word processing prograns.

14. Standard Reports. Furnish the followi ng standard system
reports:

i. bj ects. System objects and current values filtered by object
type, by status (in alarm |ocked, normal), by equipnent, by
geographic location, or by conbination of filter criteria.

ii. Alarm Summary. Current alarns and cl osed al arns. System
shall retain closed alarnms for an adjustable period.

iii. Logs. Systemshall log the following to a database or text
file and shall retain data for an adjustabl e period:
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a) Alarm Hi story.

b) Trend Data. Operator shall be able to select trends to be
| ogged.

c) Qperator Activity. At a mininmum systemshall |og operator
log in and | og out, control paraneter changes, schedul e changes,
and al arm acknow edgnent and del etion. System shall date and tine
stanp | ogged activity.

15. Custom Reports. Qperator shall be able to create custom
reports that retrieve data, including archived trend data, from
the system that anal yze data using common al gebraic cal cul ati ons,
and that present results in tabular or graphical format. Reports
shal | be | aunched fromthe operator interface.

16. Graphi cs Generation. Gaphically based tools and
docunentation shall allow Operator to edit system graphics, to
create graphics, and to integrate graphics into the system
Operator shall be able to add anal og and bi nary val ues, dynanic
text, static text, and animation files to a background graphic
usi ng a nouse.

17. Graphics Library. Conplete library of standard HVAC

equi pnent graphi cs shall include equi pnrent such as chillers,
boilers, air handlers, terminals, fan coils, and unit ventilators.
Li brary shall include standard synbols for other equipnent

i ncluding fans, punps, coils, valves, piping, danpers, and
ductwork. Library graphic file format shall be conpatible with
graphi cs generation tools.

18. Cust om Application Progranm ng. Operator shall be able to
create, edit, debug, and downl oad custom prograns. System shall be
fully operable while custom prograns are edited, conpiled, and
downl oaded. Progranmi ng | anguage shall have the follow ng
features:

i. Language. Language shall be graphically based and shall use
function blocks arranged in a logic diagramthat clearly shows
control logic flow Function blocks shall directly provide
functions listed below, and operators shall be able to create
custom or conpound function bl ocks.

ii. Pr ogramm ng Environnment. Tool shall provide a full-screen
cur sor - and- nouse-dri ven programm ng environnent that incorporates
word processing features such as cut and paste. Operators shall be
able to insert, add, nodify, and del ete custom progranmi ng code,
and to copy blocks of code to a file library for reuse in other
control prograns.

iii. | ndependent Program Mbdul es. Operator shall be able to

devel op i ndependent|y executing program nodul es that can disabl e,
enabl e and exchange data with other program nodul es.

SECTI ON 23 09 54.00 20 Page 18



MACC Ceneric Specs 072007

2.4

iV. Debuggi ng and Si nul ati on. Operator shall be able to step

t hrough the program observing internedi ate val ues and results.
Operator shall be able to adjust input variables to sinulate
actual operating conditions. Qperator shall be able to adjust each
step's tine increnent to observe operation of delays, integrators,
and other tine-sensitive control |ogic. Debugger shall provide
error nessages for syntax and for execution errors.

V. Conditional Statenents. Operator shall be able to program
conditional |ogic using conpound Bool ean (AND, OR, and NOT) and
relational (EQUAL, LESS THAN, GREATER THAN, NOT EQUAL) conpari sons.

Vi . Mat hemat i cal Functions. Language shall support
floating-point addition, subtraction, nultiplication, division
and square root operations, as well as absolute value cal cul ation
and progranmmati c sel ecti on of m ni nrum and nmaxi nrum val ues froma
list of values.

Vii. Vari abl es: Operator shall be able to use variable values in
program condi tional statenents and nmathenatical functions.

a) Tinme Variables. Operator shall be able to use predefined
variables to represent tine of day, day of the week, nonth of the
year, and date. O her predefined variables or sinple control |ogic
shal | provide elapsed tinme in seconds, ninutes, hours, and days.
Qperator shall be able to start, stop, and reset el apsed tine

vari abl es using the program | anguage.

b) System Vari abl es. Operator shall be able to use predefined
variables to represent status and results of Controller Software
and shall be able to enable, disable, and change setpoints of
Controller Software as described in Controller Software section

Portabl e Qperator's Term nal

Portabl e OQperator's Terminal. Provide all necessary software to
configure an | BMconpatible | aptop conputer for use as a Portable
Qperator's Terminal. Qperator shall be able to connect configured
Termnal to the systemnetwork or directly to each controller for
progranm ng, setting up, and troubl eshooti ng.

BACnet

Web server or workstation shall have denonstrated interoperability
during at | east one BMA Interoperability Wrkshop and shal
substantially conformto BACnet Operator Workstation (B-OAB)
device profile as specified in ASHRAE/ ANSI 135-2001, BACnet Annex
L.

Controll er Software

a.

Bui | di ng and energy managenent application software shall reside

and operate in systemcontrollers. Applications shall be editable
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t hrough operator workstation, web browser interface, or engineering
wor kst ati on.

b. System Security. See Paragraph 2.3.f.5 (Security) and Paragraph
2.3.f.14.iii.c (Operator Activity).

C. Schedul i ng. See Paragraph 2.3.d.4 (View and Adjust Operating
Schedul es). System shall provide the follow ng schedule options as a
m ni mum

1. Weekl y. Provide separate schedul es for each day of the week.
Each schedul e shall be able to include up to 5 occupied periods (5
start-stop pairs or 10 events).

2. Exception. Operator shall be able to designate an exception
schedul e for each of the next 365 days. After an exception
schedul e has executed, systemshall discard and replace exception
schedul e with standard schedul e for that day of the week.

3. Hol i day. Operator shall be able to define 24 special or
hol i day schedul es of varying |length on a scheduling cal endar that
repeats each year.

d. System Coordi nation. Qperator shall be able to group rel ated
equi pnent based on function and | ocation and to use these groups for
schedul i ng and ot her applications.

e. Bi nary and Anal og Al arns. See Paragraph 2.3.f.7 (Al arm Processing).
f. Al arm Reporting. See Paragraph 2.3.f.9 (Al arm Reacti ons).

g. Renmpt e Conmuni cation. System shall autonmatically contact operator
wor kstation or server on receipt of critical alarms. If no network
connection is avail able, systemshall use a nodem connection

h. Dermand Limting.

1. System shall nonitor building power consunption from building
power neter pulse generator signals or from building feeder |ine
watt transducer or current transforner.

2. When power consunption exceeds adjustable | evels, system
shal | automatically adjust setpoints, de-energize lowpriority
equi pnent, and take other programmatic actions to reduce denmand as
speci fied on drawi ngs. Wien denand drops bel ow adjustable |evels,
system shall restore |oads as specified.

i Mai nt enance Managenent. System shall generate nmi ntenance al arns
when equi pnent exceeds adjustable runtine, equi pment starts, or
performance linmts. Configure and enabl e nai ntenance al arns as

speci fied on draw ngs.

j. Sequenci ng. Application software shall sequence chillers, boilers,
and punps as specified on draw ngs.
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K. PID Control. Systemshall provide direct- and reverse-acting PID
(proportional -integral -derivative) algorithms. Each al gorithm shal
have anti-w ndup and sel ectable controlled variable, setpoint, and PID
gai ns. Each algorithmshall calculate a tine-varying anal og val ue that
can be used to position an output or to stage a series of outputs.

l. Staggered Start. Systemshall stagger controlled equi pment restart
after power outage. Operator shall be able to adjust equiprment restart
order and tine delay between equi pnent restarts.

m Energy Cal cul ati ons.

1. System shal |l accunul ate and convert instantaneous power (kW
or flowrates (L/s [gpn]) to energy usage data.

2. System shal |l cal cul ate a sliding-w ndow average (rolling
average). Qperator shall be able to adjust window interval to 15
m nutes, 30 minutes, or 60 m nutes.

n. Anti-Short Cycling. Binary output objects shall be protected from
short cycling by neans of adjustable mininumon-tine and off-tine
settings.

0. On and Of Control with Differential. Systemshall provide direct-
and reverse-acting on and off algorithns with adjustable differential
to cycle a binary output based on a controlled variable and setpoint.

p. Runtine Totalization. Systemshall provide an algorithmthat can
totalize runtine for each binary input and output. Operator shall be
able to enable runtine alarm based on exceeded adjustable runtine
limt. Configure and enable runtine totalization and al arns as

speci fied on draw ngs.

Controllers

a. CGeneral . Provide Building Controllers (BC), Advanced Application
Controllers (AAC), Application Specific Controllers (ASC), Snart
Actuators (SA), and Smart Sensors (SS) as required to achieve
performance specified in paragraph. Every device in the system which
executes control logic and directly controls HVAC equi pnent nust
conformto a standard BACnet Device profile as specified in ANSI/ASHRAE
135- 2004, BACnet Annex L. Unl ess ot herw se specified, hardw red
actuators and sensors may be used in lieu of BACnet Smart Actuators and
Smart Sensors.

b. BACnet .

1. Bui l ding Controllers (BCs). Each BC shall conformto BACnet
Bui l ding Controller (B-BC) device profile as specified in
ANS| / ASHRAE 135-2004, BACnet Annex L and shall be listed as a
certified B-BC in the BACnhet Testing Laboratories (BTL) Product
Li sti ng.
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2. Advanced Application Controllers (AACs). Each AAC shal
conformto BACnet Advanced Application Controller (B-AAC) device
profile as specified in ANSI/ASHRAE 135-2004, BACnet Annex L and
shall be listed as a certified B-AAC in the BACnet Testing
Laboratories (BTL) Product Listing.

3. Application Specific Controllers (ASCs). Each ASC shal
conformto BACnet Application Specific Controller (B-ASC) device
profile as specified in ANSI/ASHRAE 135-2004, BACnet Annex L and
shall be listed as a certified B-ASC in the BACnet Testing
Laboratories (BTL) Product Listing.

4, Smart Actuators (SAs). Each SA shall conformto BACnet Snart
Actuator (B-SA) device profile as specified in ANSI/ASHRAE
135-2004, BACnet Annex L and shall be listed as a certified B-SA
in the BACnet Testing Laboratories (BTL) Product Listing.

5. Smart Sensors (SSs). Each SS shall conformto BACnet Snart
Sensor (B-SS) device profile as specified in ANSI/ASHRAE 135-2004,
BACnet Annex L and shall be listed as a certified B-SS in the
BACnet Testing Laboratories (BTL) Product Listing.

6. BACnet Conmuni cati on.

i. Each BC shall reside on or be connected to a BACnet network
using | SO 8802-3 (Ethernet) Data Link/Physical |ayer protocol and
BACnet /| P addr essi ng.

ii. BACnet routing shall be perforned by BCs or ot her BACnet
device routers as necessary to connect BCs to networks of AACs and
ASCs.

iii. Each AAC shall reside on a BACnet network using | SO 8802-3
(Ethernet) Data Link/Physical |ayer protocol with BACnet/IP
addressing, or it shall reside on a BACnet network using the
ARCNET or Ms/ TP Dat a Li nk/ Physical |ayer protocol

iV. Each ASC shall reside on a BACnet network using the ARCNET
or Ms/ TP Data Link/Physical |ayer protocol

V. Each SA shall reside on a BACnet network using the ARCNET or
M5/ TP Dat a Li nk/ Physical |ayer protocol

Vi . Each SS shall reside on a BACnet network using | SO 8802-3
(Ethernet) Data Link/Physical |ayer protocol with BACnet/IP
addressing, or it shall reside on a BACnet network using ARCNET or
M5/ TP Dat a Li nk/ Physical |ayer protocol

C. Comuni cati on
1. Service Port. Each controller shall provide a service
communi cati on port for connection to a Portable Operator's

Term nal . Connection shall be extended to space tenperature sensor
ports where shown on draw ngs.
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2. Si gnal Managenent. BC and ASC operating systenms shall nanage
i nput and output comunication signals to allow distributed
controllers to share real and virtual object information and to
all ow for central nonitoring and al arns.

3. Data Sharing. Each BC and AAC shall share data as required
with each networked BC and AAC

4, St and- Al one Operation. Each piece of equi pnent specified on
drawi ngs shall be controlled by a single controller to provide
stand-al one control in the event of comunication failure. Al 1/0
points specified for a piece of equipnent shall be integral to its
controller. Provide stable and reliable stand-al one control using
default values or other nethod for values nornmally read over the
net wor k.

d. Envi ronment. Controller hardware shall be suitable for anticipated
anmbi ent condi tions.

1. Controll ers used outdoors or in wet anbient conditions shal
be nounted in waterproof enclosures and shall be rated for
operation at -29°C to 60°C (-20°F to 140°F).

2. Controllers used in conditioned space shall be nounted in
dust-protective enclosures and shall be rated for operation at 0°C
to 50°C (32°F to 120°F).

e. Keypad. Provide a |ocal keypad and display for each BC and AAC.
Operator shall be able to use keypad to view and edit data. Keypad and
di splay shall require password to prevent unauthorized use. If the
manuf acturer does not nornally provide a keypad and di splay for each BC
and AAC, provide the software and any interface cabling needed to use a
| apt op conmputer as a Portable Operator's Ternminal for the system

f. Real -Time Cock. Controllers that perform scheduling shall have a
real -tine cl ock.

g. Serviceability.

1. Controllers shall have diagnostic LEDs for power,
conmuni cati on, and processor.

2. Wres shall be connected to a field-renovabl e nodul ar
termnal strip or to a termination card connected by a ribbon
cabl e.

3. Each BC and AAC shall continually check its processor and
menory circuit status and shall generate an al arm on abnor nal
operation. System shall continuously check controller network and
generate alarmfor each controller that fails to respond.

h. Menory.
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6

1. Controller nmenory shall support operating system database,
and progranm ng requirenents.

2. Each BC and AAC shall retain BIOS and application progranm ng
for at least 72 hours in the event of power |oss.

3. Each ASC and SA shall use nonvolatile nenory and shall retain
Bl OS and application progranming in the event of power | oss.
System shal |l autonmatically downl oad dynam ¢ control paraneters
foll owi ng power | oss.

i Immunity to Power and Noise. Controllers shall be able to operate
at 90%to 110% of noninal voltage rating and shall performan orderly
shut down bel ow 80% nomi nal voltage. Operation shall be protected

agai nst electrical noise of 5 to 120 Hz and from keyed radios up to 5 W
at 1 m(3 ft).

j. Transfornmer. ASC power supply shall be fused or current limting
and shall be rated at a mni num of 125% of ASC power consunption.

| nput and Qutput Interface

a. CGeneral . Hard-wire input and output points to BCs, AACs, ASCs, or
SAs.

b. Protection. Shorting an input or output point to itself, to

anot her point, or to ground shall cause no controller danage. |nput or
out put point contact with up to 24 V for any duration shall cause no
control | er damage.

C. Bi nary Inputs. Binary inputs shall nonitor the on and off signa
froma renote device. Binary inputs shall provide a wetting current of
at least 12 nA and shall be protected agai nst contact bounce and noi se.
Bi nary inputs shall sense dry contact closure w thout application of
power external to the controller.

d. Pul se Accunul ation Inputs. Pulse accunulation inputs shall conform
to binary input requirenents and shall accunulate up to 10 pul ses per
second.

e. Anal og | nputs. Analog inputs shall nonitor |owvoltage (0-10 Vdc),
current (4-20 md), or resistance (thernistor or RTD) signals. Analog

i nputs shall be conpatible with and field configurable to comonly
avai | abl e sensi ng devi ces.

f. Bi nary Qutputs. Binary outputs shall send an on-or-off signal for
on and off control. Building Controller binary outputs shall have

t hree-position (on-off-auto) override switches and status |ights.

Qut puts shall be selectable for normally open or normally cl osed
operation.

g. Anal og Qut puts. Anal og outputs shall send a nodul ating 0-10 Vdc or

4-20 mA signal as required to properly control output devices. Each
Bui | di ng Control | er anal og out put shall have a two-position
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(auto-nmanual ) switch, a nmanual |y adjustable potentioneter, and status
lights. Anal og outputs shall not drift nore than 0.4% of range annually.

h. Tri-State Qutputs. Control three-point floating electronic
actuators w thout feedback with tri-state outputs (two coordi nated
binary outputs). Tri-State outputs may be used to provide anal og out put
control in zone control and term nal unit control applications such as
VAV termnal units, duct-nmounted heating coils, and zone danpers.

i Uni versal Inputs and Qutputs. Inputs and outputs that can be
designated as either binary or analog in software shall conformto the
provi sions of this section that are appropriate for their designated
use.

Power Supplies and Line Filtering

a. Power Supplies. Control transformers shall be UL listed. Furnish
Class 2 current-limting type or furnish over-current protection in
primary and secondary circuits for Cass 2 service in accordance with
NEC requirenents. Limt connected |oads to 80% of rated capacity.

1. DC power supply output shall match output current and voltage
requirenents. Unit shall be full-wave rectifier type wth out put
ripple of 5.0 nmV maxi num peak-to-peak. Regul ation shall be 1.0%
line and | oad conbi ned, with 100-m crosecond response tinme for 50%
| oad changes. Unit shall have built-in over-voltage and
over-current protection and shall be able to withstand 150%
current overload for at |east three seconds w thout trip-out or
failure.

i. Unit shall operate between 0°C and 50°C (32°F and 120°F).
EM RF shall neet FCC Class B and VDE 0871 for Cass B and M LSTD
810C for shock and vibration

ii. Li ne voltage units shall be UL recogni zed and CSA |i st ed.

b. Power Line Filtering.

1. Provide internal or external transient voltage and surge
suppression for workstations and controllers. Surge protection
shal | have

i. Dielectric strength of 1000 V m ni num

ii. Response tine of 10 nanoseconds or |ess

iii. Transverse node noise attenuation of 65 dB or greater

iv. Common node noise attenuation of 150 dB or greater at 40-100
Hz

Auxi liary Control Devices
a. Mot ori zed Control Danpers
1. Type. Control danpers shall have linear flow characteristics

and shall be parallel- or opposed-blade type as specified bel ow or
as schedul ed on draw ngs.
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i. Qut door and return air m xi ng danpers and face-and- bypass
danpers shall be parallel-blade and shall direct airstreans toward
each ot her.

ii. O her nodul ati ng danpers shall be opposed- bl ade.

iii. Two- posi tion shutoff danpers shall be parallel- or
opposed- bl ade wi th bl ade and si de seal s.

2. Frame. Danper franes shall be 2.38 nmm (13 gauge) gal vani zed
steel channel or 3.175 mm (1/8 in.) extruded al um numw th
rei nforced corner bracing.

3. Bl ades. Danper bl ades shall not exceed 20 cm (8 in.) in width
or 125 cm (48 in.) in length. Blades shall be suitable for nedium
velocity (10 m's [2000 fpnj) perfornmance. Blades shall be not |ess
than 1.5875 nmm (16 gauge).

4, Shaft Bearings. Danper shaft bearings shall be as recommended
by manufacturer for application, oil inpregnated sintered bronze,
or better.

5. Seal s. Bl ade edges and frane top and bottom shall have

repl aceabl e seal s of butyl rubber or neoprene. Side seals shall be
spring-loaded stainless steel. Blade seals shall |eak no nore than

50 L/son2 (10 cfmper ft2) at 1000 Pa (4 in. w.g.) differentia
pressure. Blades shall be airfoil type suitable for w de-open face
velocity of 7.5 mis (1500 fpm.

6. Sections. Danper sections shall not exceed 125 cm - 150 cm
(48 in. - 60 in.). Each section shall have at |east one danper
actuator.

7. Li nkages. Danpers shall have exposed |inkages.

b. El ectric Danper and Val ve Actuators.

1. Stall Protection. Mechanical or electronic stall protection
shal | prevent actuator danage throughout the actuator's rotation

2. Spring-return Mechanism Actuators used for power-failure and
saf ety applications shall have an internal nechanica
spring-return nechanismor an uninterruptible power supply (UPS)

3. Si gnal and Range. Proportional actuators shall accept a 0-10
Vdc or a 0-20 nmA control signal and shall have a 2-10 Vdc or 4-20
mA operating range. (Floating notor actuators may be substituted
for proportional actuators in termnal unit applications as
described in paragraph 2.6.h.)

4, Wring. 24 Vac and 24 Vdc actuators shall operate on Cass 2
Wi ring.
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5. Manual Positioning. Operators shall be able to nmanually
position each actuator when the actuator is not powered.
Non-spring-return actuators shall have an external nanual gear
rel ease. Spring-return actuators with nore than 7 Nom (60 in.-Ihb)
torque capacity shall have a manual crank

c. Control Val ves.

1. Ceneral . Select body and trimmaterials in accordance with
manuf acturer's recomendati ons for design conditions and service
shown.

2. Type. Provide two- or three-way control valves for
two-position or nodul ating service as shown.

3. Wat er Val ves.

i. Val ves providi ng two-position service shall be quick opening.
Two-way val ves shall have repl aceabl e di sc or ball

ii. C ose-off (Differential) Pressure Rating. Valve actuator and
trimshall provide the follow ng mninumcl ose-off pressure
ratings.

a) Two-way: 150% of total system (punp) head.

b) Three-way: 300% of pressure differential between ports A and
B at design flow or 100% of total system (punp) head.

iii. Ports. Valves providing nodul ating service shall have equa
percent age ports.

iV. Si zi ng.

a) Two- position service: line size.

b) Two-way nodul ating service: select pressure drop equal to the
greatest of twice the pressure drop through heat exchanger (Il oad),
50% of the pressure difference between supply and return nmains, or
35 kPa (5 psi).

c) Three-way nodul ati ng service: select pressure drop equal to
the smaller of twice the pressure drop through the coil exchanger
(load) or 35 kPa (5 psi).

V. Fail Position. Water valves shall fail nornmally open or
closed as follows unless otherw se specified.

a) Wat er zone val ves: nornally open.

b) Heating coils in air handlers: nornally open

c) Chilled water control valves: nornally closed.

d) O her applications: as schedul ed or as required by sequences
of operation.

4. St eam Val ves
i. C ose-off (Differential) Pressure Rating. Valve actuator and

trimshall provide nmninmmclose-off pressure rating equal to 150%
of operating (inlet) pressure.
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ii. Ports. Valves providing nodul ating service shall have |inear
ports.

iii. Si zi ng.

a) Two- position service: select pressure drop equal to 10% 20%
of inlet psig.

b) Modul ating service at 100 kPa (15 psig) or |less: select
pressure drop equal to 80% of inlet psig.

c) Modul ating service at 101-350 kPa (16-50 psig): select
pressure drop equal to 50% of inlet psig.

d) Modul ating service at over 350 kPa (50 psig): select pressure
drop as schedul ed on draw ngs.

d. Bi nary Tenperature Devi ces.

1. Low Vol t age Space Thernostats. Low voltage space thernostats
shal |l be 24 V, binetal -operated, nercury-switch type, with
adjustable or fixed anticipation heater, conceal ed set poi nt

adj ustnent, 13°C-30°C (55°F-85°F) setpoint range, 1°C (2°F)

maxi mum di fferential, and vented ABS pl astic cover.

2. Li ne- Vol t age Space Thernostats. Line-voltage space
thernostats shall be binetal -actuated, open-contact type or

bel | ows-act uat ed, encl osed, snap-switch type or equival ent
solid-state type, with heat anticipator, UL listing for electrical
rati ng, conceal ed setpoint adjustnent, 13°C-30°C (55°F-85°F)
setpoint range, 1°C (2°F) nmaxinumdifferential, and vented ABS

pl astic cover.

3. LowLimt Thernostats. Lowlimt airstreamthernostats shall
be UL listed, vapor pressure type. Elenent shall be at least 6 m
(20 ft) long. Elenent shall sense tenperature in each 30 cm (1 ft)
section and shall respond to | owest sensed tenperature. Lowlinit
thernostat shall be nmanual reset only.

e. Tenperature Sensors.

1. Type. Tenperature sensors shall be Resistance Tenperature
Device (RTD) or thermstor.

2. Duct Sensors. Duct sensors shall be single point or averaging
as shown. Averaging sensors shall be a mininumof 1.5 m(5 ft) in
I ength per 1 n2(10 ft2) of duct cross-section.

3. | nmer si on Sensors. Provide i mersion sensors with a separable
stainless steel well. Wl Il pressure rating shall be consistent
with systempressure it will be imersed in. Well shall withstand
pi pe design flow velocities.

4, Space Sensors. Space sensors shall have setpoint adjustnent,
override switch, display, and comuni cation port as shown.

5. Differential Sensors. Provide nmatched sensors for
differential tenperature neasurenent.
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f.

g.

Hum dity Sensors.

1. Duct and room sensors shall have a sensing range of 20% 80%
2. Duct sensors shall have a sanpling chanber.
3. Qutdoor air humidity sensors shall have a sensing range of

20% 95% RH and shall be suitable for anbient conditions of
40°C-75°C (40°F-170°F).

4, Hum dity sensors shall not drift nore than 1% of full scale
annual | y.

FIl ow Swi tches. Flow proving switches shall be paddle (water

service only) or differential pressure type (air or water service) as
shown. Switches shall be UL |isted, SPDT snap-acting, and pilot duty
rated (125 VA mininum.

1. Paddl e switches shall have adjustable sensitivity and NEMA 1
encl osure unl ess ot herw se specified.

2. Differential pressure switches shall have scal e range and
differential suitable for intended application and NEMVA 1
encl osure unl ess ot herw se specified.

Rel ays.

1. Control Relays. Control relays shall be plug-in type, UL
listed, and shall have dust cover and LED "energi zed" indicator
Contact rating, configuration, and coil voltage shall be suitable
for application.

2. Tinme Delay Relays. Tine delay relays shall be solid-state
plug-in type, UL listed, and shall have adjustable tine del ay.
Del ay shall be adjustable +100% from set poi nt shown. Contact
rating, configuration, and coil voltage shall be suitable for
application. Provide NEMA 1 enclosure for relays not installed in
| ocal control panel

Override Tiners.

1. Unl ess inplenented in control software, override tiners shal
be spring-wound line voltage, UL Listed, with contact rating and
configuration required by application. Provide 0-6 hour calibrated
di al unless otherw se specified. Flush nount tinmer on |oca

control panel face or where shown.

Current Transmitters.
1. AC current transmtters shall be sel f-powered, conbination
split-core current transforner type with built-in rectifier and

hi gh-gain servo anplifier with 4-20 mA two-wire output. Full-scale
unit ranges shall be 10 A, 20 A, 50 A, 100 A 150 A, and 200 A,

SECTION 23 09 54.00 20 Page 29



MACC Ceneric Specs 072007
with internal zero and span adjustnent. Unit accuracy shall be +1%
full-scale at 500 ohm maxi num bur den.

2. Transmitter shall nmeet or exceed ANSI/ISA S50.1 requirenents
and shall be UL/ CSA recogni zed.

3. Unit shall be split-core type for clanp-on installation on
existing wiring.

K. Current Transfornmers.
1. AC current transforners shall be UL/ CSA recogni zed and shall
be conpl etely encased (except for ternminals) in approved plastic
mat eri al .
2. Transforners shall be available in various current ratios and

shal |l be selected for +1% accuracy at 5 A full-scal e output.

3. Use fixed-core transforners for newwiring installation and
split-core transforners for existing wiring installation.

l. Vol tage Transmitters.

1. AC voltage transmtters shall be sel f-powered single-Ioop
(two-wire) type, 4-20 mA output with zero and span adj ust nent.

2. Adj ustable full-scale unit ranges shall be 100-130 Vac,
200- 250 Vac, 250-330 Vac, and 400-600 Vac. Unit accuracy shall be
+1% full-scal e at 500 ohm naxi num bur den.

3. Transmitters shall neet or exceed ANSI/ISA S50.1 requirenents
and shall be UL/ CSA recogni zed at 600 Vac rating.

m Vol t age Transf orners.

1. AC vol tage transforners shall be UL/ CSA recogni zed, 600 Vac
rated, and shall have built-in fuse protection.

2. Transforners shall be suitable for anbient tenperatures of
4°C-55°C (40°F-130°F) and shall provide +0.5% accuracy at 24 Vac
and 5 VA | oad.

3. W ndi ngs (except for termnals) shall be conpletely encl osed
with netal or plastic.

n. Power Monitors.
1. Power nonitors shall be three-phase type and shall have
t hree- phase di sconnect and shorting switch assenbly, UL listed
vol tage transforners, and UL listed split-core current
transf or mers.
2. Power nonitors shall provide selectable output: rate pul se
for kWh reading or 4-20 nA for kWreading. Power nonitors shall
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operate with 5 A current inputs and maxi numerror of +*2%at 1.0
power factor or *2.5%at 0.5 power factor

0. Current Switches.

1. Current-operated switches shall be self-powered, solid-state
with adjustable trip current. Select switches to nmatch application
current and DDC system out put requirenents.

p. Pressure Transducers.

1. Transducers shall have linear output signal and
fiel d-adjustable zero and span.

2. Cont i nuous operating conditions of positive or negative
pressure 50% greater than calibrated span shall not damage
transducer sensing el enments.

3. Wat er pressure transducer diaphragm shall be stainless stee
with m ni nrum proof pressure of 1000 kPa (150 psi). Transducer

shal | have 4-20 mA output, suitable nounting provisions, and bl ock
and bl eed val ves.

4, Water differential pressure transducer diaphragm shall be
stainless steel with mninum proof pressure of 1000 kPa (150 psi).
Over-range linmt (differential pressure) and maxi numstatic
pressure shall be 2000 kPa (300 psi.) Transducer shall have 4-20
mA out put, suitable nounting provisions, and 5-val ve nani f ol d.

qg. Differential Pressure Switches. Differential pressure swtches
(air or water service) shall be UL listed, SPDT snap-acting, pilot duty
rated (125 VA mininunm) and shall have scal e range and differenti al
suitable for intended application and NEMA 1 encl osure unl ess ot herw se
speci fi ed.

r. Pressure-Electric (PE) Switches. PE switches shall be UL |isted,
pilot duty rated (125 VA mininmun) or notor control rated, netal or
neoprene di aphragm actuated, operating pressure rated for 0-175 kPa
(0-25 psig), with calibrated scale mninumsetpoint range of 14-125 kPa
(2-18 psig).

1. Provi de one- or two-stage switch action (SPDT, DPST, or DPDT)
as required by application

2. Swi tches shall be open type (panel-nounted). Exception
Swi tches shall be enclosed type for renpte installation. Enclosed
type shall be NEMA 1 unless otherw se specified.

3. Each pneunatic signal line to PE switches shall have
per manent i ndi cati ng gauge.

S. Local Control Panels.

1. I ndoor control panels shall be fully enclosed NEMA 1
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2.

PART 3

3.

3.

9

.10

1

2

construction with hinged door key-lock latch and renovabl e
sub- panels. A common key shall open each control panel and
sub- panel

2. Prewire internal and face-nounted device connections with

col or-coded stranded conductors tie-wapped or neatly installed in
pl astic troughs. Field connection ternmnals shall be UL listed for
600 V service, individually identified per control and interlock
drawi ngs, with adequate clearance for field wring.

3. Each | ocal panel shall have a control power source power
switch (on-off) with overcurrent protection

Wring and Raceways

a. CGeneral . Provide copper wiring, plenumcable, and raceways as
specified in applicable sections of Division 16.

b. Insul ated wire shall use copper conductors and shall be UL listed
for 90°C (200°F) m ni mum service

Fi ber Optic Cable System

a. Optical Cable. Optical cables shall be duplex 900 mmtight-buffer
construction designed for intra-building environnents. Sheath shall be
UL listed OFNP in accordance with NEC Article 770. Optical fiber shal
nmeet the requirenments of FDDI, ANSI X3T9.5 PMD for 62.5/125mm

b. Connectors. Field termnate optical fibers with ST type
connectors. Connectors shall have ceranmic ferrules and netal bayonet
| at chi ng bodi es.

EXECUTI ON
Exanm nati on

a. Thor oughl y exani ne project plans for control device and equi pnent
| ocations. Report discrepancies, conflicts, or omissions to Contracting
O ficer for resolution before starting rough-in work.

b. I nspect site to verify that equi pment can be installed as shown.
Report discrepancies, conflicts, or onissions to Contracting Oficer
for resolution before starting rough-in work.

C. Exani ne drawi ngs and specifications for work of others. Report

i nadequat e headroom or space conditions or other discrepancies to
Contracting O ficer and obtain witten instructions for changes
necessary to accomobdate work in this section with work of others.
Controls Contractor shall performat his expense necessary changes in
specified work caused by failure or neglect to report discrepancies.

Prot ection

a. Controls Contractor shall protect against and be |iable for danage
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to work and to material caused by Contractor's work or enpl oyees.

b. Controls Contractor shall be responsible for work and equi pnent
until inspected, tested, and accepted. Protect naterial not immediately
installed. Cose open ends of work with tenporary covers or plugs
during storage and construction to prevent entry of foreign objects.

3.3 Coor di nati on
a. Site.

1. Assi st in coordinating space conditions to accomobdate the
work of each trade where work will be installed near or wll
interfere with work of other trades. If installation wthout
coordi nation causes interference with work of other trades,
Contractor shall correct conditions wthout extra charge.

2. Coordi nate and schedule work with other work in the sane area
and with work dependent upon other work to facilitate nutua
pr ogr ess.

b. Submittals. See Paragraph 1.10, "Submttals."”
C. Test and Bal ance.

1. Provi de Test and Bal ance Contractor a single set of necessary
tools to interface to control systemfor testing and bal anci ng.

2. Train Test and Bal ance Contractor to use control system
interface tools.

3. Provide a qualified technician to assist with testing and
bal ancing the first 20 terninal units.

4, Test and Bal ance Contractor shall return tools undanmaged and
in working condition at conpletion of testing and bal anci ng.

d. Life Safety.

1. Duct snoke detectors required for air handl er shutdown are
provi ded under Division 28. Interlock snoke detectors to air
handl ers for shutdown as specified on draw ngs.

2. Snoke danpers and actuators required for duct snoke isolation
are provided under Division 23. Interlock snoke danpers to air
handl ers as specified on draw ngs.

3. Fire and snoke danpers and actuators required for fire-rated
wal | s are provided under Division 23. Fire and snoke danper
control is provided under Division 28.

e. Coordi nation with Oher Controls. Integrate with and coordi nate
controls and control devices furnished or installed by others as
fol | ows.
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3.

3.

4

.5

6

1. Conmmmuni cati on nedi a and equi prrent shall be provided as
specified in Section 15900 Article 2.2 (Comunication).

2. Each supplier of a controls product shall configure, program
start up, and test that product to neet the sequences of operation
described in Section 15900 Appendi x A regardl ess of where within
the contract docunments those products are descri bed.

3. Coordi nate and resol ve inconpatibility issues that arise
bet ween control products provided under this section and those
provi ded under other sections or divisions of this specification

4, Controls Contractor shall be responsible for integration of
control products provided by multiple suppliers regardl ess of
where integration is described within the contract docunents.

General Wor knanshi p

a. Install equipnent, piping, and wiring or raceway horizontally,
vertically, and parallel to walls wherever possible.

b. Provi de sufficient slack and fl exible connections to allow for
pi pi ng and equi pnent vibration isolation

C. Install equipnent in readily accessible |ocations as defined by
National Electrical Code (NEC) Chapter 1 Article 100 Part A

d. Verify wiring integrity to ensure continuity and freedom from
shorts and ground faults.

e. Equi pnent, installation, and wiring shall conply with industry
speci fications and standards and | ocal codes for performance,
reliability, and conpatibility.

Field Quality Control
a. Work, materials, and equi pnent shall conply with rules and
regul ati ons of applicable local, state, and federal codes and

ordi nances as identified in Paragraph 1.8, "Codes and Standards."

b. Continually nonitor field installation for code conpliance and
wor kmanshi p quality.

C. Contractor shall arrange for work inspection by Contracting
O ficer and authorities having jurisdiction over the work.
Wring

a. Control and interlock wiring and installation shall conply with
national and |ocal electrical codes, D vision 26 and manufacturer's
recomendati ons. Where the requirenents of this Section differs from
Division 26, this Section shall take precedence.
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b. NEC Class 1 (line voltage) wiring shall be UL listed in approved
raceway as specified by NEC and Division 26.

C. Lowvol tage wiring shall neet NEC O ass 2 requirenments. Subfuse
| owvol tage power circuits as required to neet Class 2 current linit.

d. NEC Class 2 (current-limted) wires not in raceway but in
conceal ed and accessi bl e | ocations such as return air plenuns shall be
UL listed for the intended application

e. Install wiring in raceway where subject to nechani cal danmage and
at levels below 3 m (10ft) in nechanical, electrical, or service roons.

f. Install Class 1 and Class 2 wiring in separate raceways. Boxes and
panel s containing high-voltage wiring and equi pnent shall not be used
for I owvoltage wiring except for the purpose of interfacing the two

t hrough rel ays and transforners.

g. Do not install wiring in raceway containing tubing.

h. Run exposed Class 2 wiring parallel to a surface or perpendicul ar
toit and tie neatly at 3 m (10 ft) intervals.

i. Use structural nenbers to support or anchor plenum cabl es without
raceway. Do not use ductwork, electrical raceways, piping, or ceiling
suspensi on systenms to support or anchor cabl es.

j. Secure raceways with raceway clanps fastened to structure and
spaced according to code requirenents. Raceways and pull boxes shal

not be hung on or attached to ductwork, electrical raceways, piping, or
cei ling suspension systens.

k. Size raceway and select wire size and type in accordance with
manuf acturer's recommendati ons and NEC requirenents.

I. Include one pull string in each raceway 2.5 cm (1 in.) or l|arger

m Use col or-coded conductors throughout.

n. Locate control and status relays in designated enclosures only. Do
not install control and status relays in packaged equi pment control
panel enclosures containing Class 1 starters.

0. Conceal raceways except within nechanical, electrical, or service
roons. Maintain mninumclearance of 15 cm (6 in.) between raceway and

hi gh-t enperature equi pment such as steam pi pes or flues.

p. Adhere to requirenments in Division 26 where raceway Crosses
bui | di ng expansi on joints.

g. Install insulated bushings on raceway ends and encl osure openi ngs.
Seal top ends of vertical raceways.

r. Terminate control and interlock wiring related to the work of this
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3.

.7

8

section. Maintain at the job site updated (as-built) wiring diagranms
that identify terninations.

s. Flexible netal raceways and liquid-tight flexible netal raceways
shall not exceed 1 m(3 ft) in length and shall be supported at each
end. Do not use flexible netal raceway | ess than % in. electrical trade
size. Use liquid-tight flexible metal raceways in areas exposed to

noi sture including chiller and boiler roons.

t. Install raceway rigidly, support adequately, ream at both ends, and
| eave clean and free of obstructions. Join raceway sections wth
couplings and according to code. Make terninations in boxes with
fittings. Make term nations not in boxes w th bushings.

Conmmruni cation Wring

a. Conmmmuni cation wiring shall be |owvoltage Cass 2 wiring and shal
conmply with Paragraph 3.7, "Wring."

b. Install comunication wiring in separate raceways and encl osures
fromother Cass 2 wiring.

C. During installation do not exceed naxi mum cabl e pulling, tension
or bend radi us specified by the cabl e nanufacturer

d. Verify entire network's integrity followi ng cable installation
using appropriate tests for each cable.

e. Install |ightning arrestor according to nmanufacturer's
recomendat i ons between cabl e and ground where a cable enters or exits
a buil ding.

f. Each run of communication wiring shall be a continuous |ength

wi t hout splices when that length is commercially avail able. Runs | onger
than commercially available | engths shall have as few splices as
possi bl e using comercially avail abl e | engths.

g. Label conmunication wiring to indicate origination and destination

h. Ground coaxi al cable according to NEC regulations article on
"Comuni cations Circuits, Cable, and Protector G ounding."

Fi ber Optic Cable

a. During installation do not exceed maxi mum pul ling tensions
specified by cable manufacturer. Post-installation residual cable
tension shall be within cable nmanufacturer's specifications.

b. Install cabling and associ ated conmponents according to

manuf acturers' instructions. Do not exceed m ni num cabl e and unj acket ed
fiber bend radii specified by cable manufacturer.
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3.

9

Install ati on of Sensors

a. Install sensors according to nanufacturer's reconmendati ons.
b. Mount sensors rigidly and adequately for operating environnent.
C. Install roomtenperature sensors on conceal ed juncti on boxes

properly supported by wall framng

d. Air seal wires attached to sensors in their raceways or in the
wal | to prevent sensor readings frombeing affected by air transnmtted
from ot her areas.

e. Use averagi ng sensors in mxing plenuns and hot and col d decks.
Install averaging sensors in a serpentine nanner vertically across
duct. Support each bend with a capillary clip.

f. Install mixing plenumlowlimt sensors in a serpentine nmanner
hori zontal |y across duct. Support each bend with a capillary clip.
Provide 3 m(1 ft) of sensing elenent for each 1 n2 (1 ft2) of coi
ar ea.

g. Install pipe-nounted tenperature sensors in wells. Install liquid
tenperature sensors with heat-conducting fluid in thermal wells.

h. Install outdoor air tenperature sensors on north wall at
designated |l ocation with sun shield.

i Differential Air Static Pressure.

1. Supply Duct Static Pressure. Pipe high-pressure tap to duct
using a pitot tube. Make pressure tap connections according to
manuf acturer's recomendati ons.

2. Return Duct Static Pressure. Pipe high-pressure tap to duct
using a pitot tube. Make pressure tap connections according to
manuf acturer's recomendati ons.

3. Buil ding Static Pressure. Pipe pressure sensor's |ow pressure
port to the static pressure port |ocated on the outside of the
bui | di ng through a hi gh-vol une accunul ator. Pi pe hi gh-pressure
port to a location behind a thernostat cover

4, Pi ping to pressure transducer pressure ports shall contain a
capped test port adjacent to transducer.

5. Pressure transducers, except those controlling VAV boxes,
shall be located in control panels, not on nonitored equi pnent or
on ductwork. Mount transducers in a vibration-free |ocation

accessi ble for service without use of |adders or special equipnent.

6. Mount gauge tees adjacent to air and water differential
pressure taps. Install shut-off valves before tee for water gauges.
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j. Snoke detectors, freezestats, high-pressure cut-offs, and other
safety switches shall be hard-wired to de-energi ze equi pnent as
described in the sequence of operation. Swi tches shall require nmanual
reset. Provide contacts that allow DDC software to nonitor safety
switch status.

3.10 Flow Switch Installation

a. Use correct paddle for pipe dianeter.

b. Adj ust flow switch according to manufacturer's instructions.
3.11 Act uat or s

a. CGeneral . Mount actuators and adapters according to nanufacturer's
reconmendat i ons.

b. El ectric and El ectronic Danper Actuators. Munt actuators directly
on danper shaft or jackshaft unless shown as a linkage installation
Li nk actuators according to manufacturer's reconmendati ons.

1. For | ow | eakage danpers with seals, nount actuator with a
m ni num 5° travel available for danper seal tightening

2. To conpress seals when spring-return actuators are used on
normal Iy cl osed danpers, power actuator to approximately 5° open
position, nmanually close the danper, then tighten |inkage.

3. Check operation of danper-actuator conbination to confirm
that actuator nodul ates danper snoothly throughout stroke to both
open and cl osed positions.

4, Provi de necessary nounting hardware and |inkages for actuator
installation.

C. Val ve Actuators. Connect actuators to valves with adapters
approved by actuator manufacturer.

3.12 War ni ng Label s

a. Affix pernmanent warning |abels to equi pnent that can be
automatically started by the control system

1. Label s shall use white lettering (12-point type or larger) on
a red background.

2. Warning | abels shall read as foll ows.

CAUTI ON

This equi pnment is operating under automatic control and nay start or stop at
any tinme without warning. Switch disconnect to "OFf" position before
servi ci ng.
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b. Affix permanent warning |abels to notor starters and control
panel s that are connected to nmultiple power sources utilizing separate
di sconnects.

1. Label s shall use white lettering (12-point type or larger) on
a red background.

2. Warning | abels shall read as foll ows.

CAUTI ON

This equipnent is fed fromnore than one power source with separate
di sconnects. Disconnect all power sources before servicing.

3.

13

.14

Identification of Hardware and Wring

a. Label wiring and cabling, including that within factory-fabricated
panels, with control system address or term nation nunber at each end
within 5 cm (2 in.) of termnation.

b. Label pneumatic tubing at each end within 5 cm (2 in.) of
termnation with a descriptive identifier

C. Permanently | abel or code each point of field termnal strips to
show i nstrunent or item served.

d. Label control panels with minimum1l cm(%in.) letters on
| am nat ed pl astic nanepl at es.

e. Label each control conponent with a pernmanent |abel. Label plug-in
conponents such that |abel renmmins stationary during conponent
repl acenent.

f. Label room sensors related to term nal boxes or valves with
nanepl at es.

g. Manuf acturers' naneplates and UL or CSA | abels shall be visible
and | egible after equipnment is installed.

h. Label identifiers shall match record docunents.
Pr ogr anmi ng

a. Poi nt Nanmi ng. Nane points as shown on the equi pnent points |ist
provi ded with each sequence of operation. If character linitations or
space restrictions nmake it advisable to shorten the name, the

abbrevi ations may be used. Wiere nultiple points with the sanme nane
reside in the sanme controller, each point nane nay be custom zed with
its associated Program Obj ect nunber. For exanple, "Zone Tenp 1" for
Zone 1, "Zone Tenp 2" for Zone 2.

b. Sof tware Progranm ng. Progranm ng shall provide actions for each
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possi bl e situation. G aphic- or paraneter-based prograns shall be
docunent ed. Text-based prograns shall be nodul ar, structured, and
conmmented to clearly describe each section of the program

1. Application Programm ng. Provide application progranm ng that
adheres to sequences of operation specified on draw ngs. Program
docunentati on or coment statenents shall reflect |anguage used in
sequences of operation.

2. System Progranm ng. Provide system progranm ng necessary for
system operation

C. Operator Interface.

1. Standard Graphics. Provide graphics as specified in Paragraph
2.3.e.2, "System Graphics." Show on each equi pnent graphic input
and output points and rel evant cal cul ated points such as indicated
on the applicable Points List indicated on draw ngs. Point

i nformati on on graphics shall dynam cally update.

2. Install, initialize, start up, and troubl eshoot operator
interface software and functions (including operating system
software, operator interface database, and third-party software
installation and integration required for successful operator
interface operation) as described in this Section

Control System Checkout and Testing

a. Startup Testing. Conplete startup testing to verify operationa
control system before notifying Contracting O ficer of system
denonstration. Provide Contracting Officer with schedule for startup
testing. Omer nmay have representative present during any or al
startup testing.

1. Calibrate and prepare for service each instrument, control
and accessory equi pnent furni shed under Section 15900.

2. Verify that control wiring is properly connected and free of
shorts and ground faults. Verify that term nations are tight.

3. Enabl e control systems and verify each input device's
calibration. Calibrate each device according to manufacturer's
reconmendat i ons.

4, Verify that binary output devices such as relays, solenoid
val ves, two-position actuators and control valves, and nmagnetic
starters, operate properly and that nornmal positions are correct.

5. Verify that anal og output devices such as |/Ps and actuators
are functional, that start and span are correct, and that
direction and nornal positions are correct. Check control valves
and automatic danpers to ensure proper action and closure. Make
necessary adjustnents to val ve stem and danper bl ade travel
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6. Prepare a | og docunenting startup testing of each input and
out put device, with technician's initials certifying each device
has been tested and cali brated.

7. Verify that system operates according to sequences of
operation. Sinulate and observe each operational node by
overriding and varying inputs and schedul es. Tune PID | oops and
each control routine that requires tuning

8. Alarms and | nterl ocks.

i. Check each alarmwith an appropriate signal at a val ue that
will trip the alarm

ii. Trip interlocks using field contacts to check logic and to
ensure that actuators fail in the proper direction

iii. Test interlock actions by sinulating alarmconditions to
check initiating value of variable and interlock action

Control System Denobnstration and Acceptance

a. Demonstration. Prior to acceptance, performthe foll ow ng
performance tests to denbnstrate system operation and conpliance with
specification after and in addition to tests specified in Paragraph
3.17, "Control System Checkout and Testing." Provide Contracting
Oficer with | og docunenting conpletion of startup tests.

1. Contracting O ficer will be present to observe and review
system denonstration. Notify Contracting Oficer at |east 10 days
bef ore system denonstrati on begins.

2. Denonstration shall follow process subnitted and approved
under Paragraph 1.10, "Submttals." Conplete approved checklists
and forns for each systemas part of system denobnstration.

3. Denonstrate actual field operation of each sequence of
operation as specified on drawi ngs. Provide at |east two persons
equi pped with two-way comuni cation. Denonstrate calibration and
response of any input and output points requested by Contracting
O ficer. Provide and operate test equipnent required to prove
proper system operation.

4, Denonstrate conpliance with Part 1, "System Perfornance."”

5. Denonstrate conpliance with sequences of operation through
each operational node

6. Denonstrate conpl ete operati on of operator interface.

7. Denonstrate each of the foll ow ng.

i. DDC | oop response. Supply graphical trend data output show ng
each DDC | oop's response to a setpoint change representing an

actuator position change of at |least 25%of full range. Trend
sanpling rate shall be from 10 seconds to 3 m nutes, depending on

SECTI ON 23 09 54.00 20 Page 41



MACC Ceneric Specs 072007

3.

17

| oop speed. Each sanple's trend data shall show setpoint, actuator
position, and controlled variable values. Contracting Oficer will
require further tuning of each |oop that displays unreasonably
under- or over-danped control

ii. Demand linmiting. Supply trend data output show ng
demand-limting algorithmaction. Trend data shall docunent action
sanpl ed each nminute over at |east a 30-nminute period and shal

show bui |l ding kW demand-limiting setpoint, and status of
setpoints and other affected equi pnent paraneters.

iii. Building fire alarmsysteminterface.

iV. Trend | ogs for each system Trend data shall indicate
setpoints, operating points, valve positions, and other data as
specified in the points list provided with each sequence of
operation indicated on drawi ngs. Each |og shall cover three

48- hour periods and shall have a sanple frequency not |less than 10
m nutes or as specified on its points list. Logs shall be
accessi bl e through systems operator interface and shall be
retrievable for use in other software prograns as Paragraph
2.3.e.11, "Trend Configuration."”

8. Tests that fail to denpnstrate proper system operation shal
be repeated after Contractor nmkes necessary repairs or revisions
to hardware or software to successfully conplete each test.

b. Accept ance.

1. After tests described in this specification are perforned to
the satisfaction of the Contracting Oficer, Contracting O ficer
will accept control system as neeting conpletion requirenments
Contracting O ficer may exenpt tests fromconpletion requirenents
that cannot be perforned due to circunstances beyond Contractor's
control. Contracting Oficer will provide witten statenent of
each exenpted test. Exenpted tests shall be perfornmed as part of
warranty.

2. System shall not be accepted until conpleted denonstration
forns and checklists are subnmitted and approved as required in
Paragraph 1.10, "Submittals."

d eani ng

a. Each day clean up debris resulting fromwork. Renpbve packagi ng
material as soon as its contents have been renoved. Collect waste and
pl ace in designated | ocation

b. On conpletion of work in each area, clean work debris and
equi pnent. Keep areas free fromdust, dirt, and debris.

C. On conpl etion of work, check equi pnent furnished under this
section for paint danage. Repair damaged factory-finished paint to

mat ch adj acent areas. Replace deformed cabinets and encl osures with new
material and repaint to nmatch adjacent areas.
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Trai ni ng

a. Provide training for a designated staff of Oaner's
representatives. Training shall be provided via self-paced training,
web- based or conputer-based training, classroomtraining, or a

conbi nati on of training nethods.

b. Trai ning shall enable students to acconplish the follow ng
obj ecti ves.

Proficiently operate system

Understand control system architecture and configuration
Under st and DDC syst em conponent s

Under st and system operation, including DDC system control and
ptim zing routines (algorithns)

Qperate workstation and peripheral s

Log on and off system

Access graphics, point reports, and | ogs

Adj ust and change system setpoints, tinme schedules, and
hol i day schedul es

9. Recogni ze commopn HVAC system nal functions by observing system
graphics, trend graphs, and other systemtools

10. Understand system drawi ngs and Operation and Mi ntenance

N rwWNE

manual

11. Understand job | ayout and | ocation of control conponents
12. Access data from DDC controllers

13. Qperate portable operator's termnals

14. Create and change system graphics

15. Create, delete, and nodify alarns, including configuring

al arm reactions
16. Create, delete, and nodify point trend | ogs (graphs) and
mul ti-point trend graphs

17. Configure and run reports

18. Add, renove, and nodify system s physical points

19. Create, nodify, and del ete application programing

20. Add operator interface stations

21. Add a new controller to system

22. Downl oad firmvare and advanced applications progranming to a
controller

23. Configure and calibrate I/0O points

24, Mai ntai n software and prepare backups

25. Interface with job-specific, third-party operator software

Add new users and understand password security procedures

C. Di vide presentation of objectives into three sessions (1-13,
14- 23, and 24-26). Participants will attend one or nore of sessions,
dependi ng on know edge | evel required.

1. Day-to-day Operators (objectives 1-13)

2. Advanced Operators (objectives 1-13 and 14-23)

3. System Managers and Adm nistrators (objectives 1-13 and 24-26)
d. Provi de course outline and materials according to Section 15900
Article 1.10 (Subnmittals). Provide one copy of training naterial per
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st udent .

e. Instructors shall be factory-trained and experienced in presenting
this materi al

f. Perform cl assroomtraining using a network of working controllers
representative of installed hardware.

3.19 Sequence of Operation

Provi de Sequence of Operation as indicated on draw ngs.

3.20 Poi nts Li st

Provi de Points indicated on Points List shown on draw ngs.

-- End of Section --
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