CONTROL SYSTEM SPECIFICATION

DIVISION 23 — HEATING, VENTILATING, AND AIR CONDITIONING

SECTION 230900 — INSTRUMENTATION AND CONTROL FOR HVAC
ENERGY MANAGEMENT AND CONTROL SYSTEM (EMCS)

SECTION 230800 — INSTRUMENTATION AND CONTROL FOR HVAC

PART 1
1.01
A

GENERAL
WORK INCLUDED

Furnish a totally na'tive BACnet-based system based on a distributed control system in

- accordance with this specification. The operator's workstation, all building controllers,

application controllers, and all input/output devices shall communicate using the protocols
and network standards as defined by the latest version of ANSVASHRAE Standard 135,

" BACnet. In other words, all workstations and controllers, including unitary controliers, shall be

1.02

native BACnet devices. No gateways shall be used for communication to controilers installed
under this section. Gateways may be used for communication 10 existing systems or to
systems installed under other sections. .

Provide all necessary BACnet-compliant hardware and software to meet the system’s
functional specifications '

‘Prepare individual hardware layouts, interconnection drawings, and software configuration

from project design data.

Implement the detaiied design for all analog and binary objects, system databases, graphic
displays, logs, and management reports based on control descriptions, logic drawings,
configuration data, and bid documents.

Provide, and install ail eb;uipmen‘c cabinets, panels, data communication network cables
needed, and all associated hardware.

Provide and install all interconnecting cables between supplied cabinets, application
controflers, and input/output devices.

Provide complete manufacturer's specifications for all items that are supptlied. Include vendor
name of every item supplied. ' '

Provide supervisory specialists and technicians at the job site fo assist in all phases of
system instaliation, startup, and cqmmissioning_. ' ‘ : o ,

Provide a comprehensive operator and technician training program as described herein.

Pravide as-built documentation, operator's terminal software, déagrarn's, and all other
associated project operational documentation (such as technical manuals) on approved
media, the sum totai of which accurately represents the final system.

No used components shall be furnished by the contractor.
SYSTEM DESCRIPTION

Distributed logic control system complete with all software and hardware functions shall be
provided and installed. System shall be completely based on the latest version of
ANSIASHRAE Standard 135, BACnet. This system is to control all mechanical equipment,
including all unitary equipment such as VAV boxes, heat pumps, fan-coils, AC units, efc. and
all air handlers, boiters, chillers, and any other listed equipment using native BACnet-
compliant components. Non-BACnet-compliant or proprietary equipment or systems
(including gateways) shall not be acceptable and are specifically prohibited. Points lists and
sequences of operation are provided efsewhere in the project documents.
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B. Operator's workstation software has XP Professional SP2 as the computer operating system.

The Energy Management and Control System (EMCS) appiication program shall be written to
communicate specifically utilizing BACnet protocols. Software functions delivered on this
project shall include password protection, scheduling (inciuding optimum start), alarming,
logging of historical data, full graphics including animation, after-hours billing program,
demand limiting, full suite of field engineering tools including graphical programming and
appiications. Systems using operating systems other than that described above are strictly
prohibited. All software required to program application specific coniroilers and all field level
devices and controffers will be left with the owner. All software passwords required fo

- program and make future changes to the system will also become the properiy of the owner.

All software required to make any program changes anywhere in the system along with

e scheduling, and trending applications will be left with the owner. All software passwords

' 1.03

“required to program and make future changes to schedules, trends and related program

changes will also become the property of the owner. Ail software required for all field

‘engineering tools including graphical programming and applications wili be left with the

owner. All software passwords required to program and make future changes to field
engineering tools including graphical programming and applications will be left with the
owner. |

Building controllers shall include complete energy management software, including
scheduling building control strategies with optimum start and logging routines. All energy
management software and firnware shall be resident in field hardware and shall not be

~ dependent on the operator's terminal. Operator’s terminal software is to be used for access to

field-based energy management functions only. Provide zone-by-zone direct digital logic
control of space temperature, schedufing, runtime accumulation, equipment alarm reporting,
and override timers for after-hours usage. All application controilers for every terminal unit
(VAV, HP, UV, etc.) air handler, all central plant equipment, and any other piece of conirolled
equipment shall be fully programmable. Application controliers shall be mounted next to
controlled equipment and communicate with building controller via BACnet LAN.

-Room sensors with digital readouts preferred in occupied areas. Room sensors shall be

provided with digital readouts that allow the user to view room temperature, view outside air
temperature, adjust the room setpoint within preset limits and set desired override time. Initial
set point shail be pre-determined by FAFB. Provide enable/disable check box on screen with
field adjustment initially disabled. Include all necessary wiring and firmware such that room

~ sensor includes field service mode. Field service mode shall allow technician to balance VAV -
" zones and access any parameter in zone controlier without additional laptop or handheld '

computer.

“QUALITY ASSURANCE

The bidder shall be regularly engaged in the installation and maintenance of BAS systems

- and shall have demonstrated technical expertise and exparience in the design, installation

and maintenance of BAS systems similar in size and complexity to this project. Bidders shall
provide a list of at least 3 projects, similar in size and scope to this project completed within
the past 3 years.

The BAS system shall be designed and installed, commissioned and serviced by factory
trained personnel. Manufacturer shall have an in-place support faciiity within 2 hours
response time of the site with technical staff, spare parts inventory and necessary test and
diagnostic equipment. The control contractor shalt provide an experienced project manager
for this work, responsibte for direct supervision of the design, instalfation, start up and
commissioning of the BAS system. All control drawings, submittal package, graphics, and
programming shalt be accomplished by local technicians and project managers, so that all
changes will be accurately reflected, and that any modifications may be made expeditiously
in the field.
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1.04.

** - equipment and material supplied: .

~1.05

' REFERENCE STANDARDS

The latest edition of the following standards and codes in effect and amended as of supplier's - . '

o~ 3o

Materials and equipment shall be the catalogued products of manufacturers regularly
engaged in production and installation of autematic temperature control systems and shall be

- manufacturer's latest standard design that complies with the specification requirements.

All BAS peer-to-peer network controllers, central system controllers and local user displéys
shall be UL Listed under Standard UL 916, category PAZX. All electronic equipment shall
conform to the requirements of FCC Regutation, Part 15, Governing Radio Frequency

Electromagnetic Interference and be so labeled,

Control system shall be engineered, programmed and supported completely by the
representative’s locat office that must be within 100 miles of project site.

proposal date, and any appilicable subsections thereof, shall govern design and selection of

1. American Society of Heating, Refrigéfating and Air Conditioning Engineers (ASHRAE}.'
ANSI/ASHRAE Standard 135-2001, BACnet,
Uniform Building Code (UBC), including local amendments.

I I N

UL 918 Underwriters Laboratories Standard for Energy Managemehz Equipment. Canada
and the US.

National Electrical Code {NEC).
FCC Part 15, Subpart J, Class A
EMC Directive 89/338/EEC (European CE Mark)

UL-864 UUKL listing for Smoke Controls for any equipment used in smoke control .
seguences

City, county, state, and federal regulations and codes in effect as of contract date.

Except as otherwise indicated the system supplier shall secure and pay for all permits,
inspections, and ceriifications required for his work and arrange for necessary approvais by

the governing authorities.

SUBMITTALS

. System Documentation
1. Include the following in submiital package:

a. Manufacturer's instructions and drawings for instaliation, maintenance, and operation
of all purchased ifems. :

- b. Overall system operation and maintenance instructions—including preventive
maintenance and troubleshooeting instructions.

¢. For all system elements——operator's workstation(s), building controller(s), application
coniroliers, routers, and repeaters,—provide BACnet Protocol Implemeniation
Conformance Statements (PICS) as per ANSI/ASHRAE Standard 135-2001,

d. Provide complete description and documentation of any proprietary (non-BACnet)
services andfor objects used in the system.

e. A list of all functions available and a sample of function block programming that shail
be pari of delivered system,

B. Project Management
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The vendor shall provide a detailed project design and installation schedute with time
markings and details for hardware items and software development phases. Schedule
shall show all the target dates for transmission of project information and documents and
shall indicate timing and dates for system installation, debugging, and commissioning.

C. BACnet Device Object Naming Conventions

1.06

1.

The BAS manufacturer's representative shall submit a BACnet Device Object Naming
Convention Plan (DONCP) to the-owner during the submittal process. The plan must be
approved by the owner prior to implementation. It is the responsibility of the BAS
contractor to coordinate the DONCP with the owner. :

The DONCP shall be designed to eliminate any confusion between individuai points ina

~ facility/campus wide EMCS system. It will also be designed to allow for future axpansion .
~and consistency. Each device on a BACnet internetwork (including other manufacturers ..~

" devices) must have a unique device instance. This is a major consideration when adding

" to an existing system or interconnecting networks. Thorough and accessible site

documentation s critical.

A consistent object (point) naming convention shall be used to facilitate familiarity and
operational ease across an eventual large campus or inventory of facilities. The following
section is designed as recommendations only. It is the responsibility of the BAS

contractor to coordinate the DONCP with the owner.

BACnet requires that all devices have a Device object name that is unique throughout the
entire interetwork. To comply with this requirement all BACnet devices shall be
configured with a Device Object Name that is based on the naming conventions
described in this section. This includes all physical devices as well as any logical BACnet
devices that are represented by gateways. The vendor shall coordinate with the owner's
staff to ensure that the correct names are used. Device Object Name properties shall
support strings of at least 50 characters in length.

WARRANTY

Warranty shall cover afi costs for parts, labor, associated travel, and expenses fora peribd of
one year from completion of system acceptance. -

'_.Hardware and software personnel supporting this warranty agreement shall provide on-site or
off-site service in a timely manner after failure nofification to the vendor. The maximum

- acceptable response time to provide this service at the site shall be 24 hours Monday through
Friday, 48 hours on Saturday and Sunday.

PART 2 -

2.01

-This'warranty_shati apply equally to both hardware and software.

PRODUCTS
OPERATOR’S WORKSTATION

General structure of workstation interaction shall be a standard client/server relationship.
Server shall be used to archive data and store system database. Clients shall access server
for all archived data. Each client shall include flexibiiity to access graphics from server or

local drive. Server shall support a minimum of 50 clients simultaneously. (Server and

operator's workstation is existing for both the Alerton and Niagara systems.)

BACnhet Conformance

1.

Operator's workstation shall as a minimum support Point-to-Point (PTP) and Ethernet
BACnet LAN types. It shali communicate direcily via these BACnet LANs as a native
BACnet device. Operator's terminal shali comply with the requirements of a BACnet
conformance class 3 device and support all BACnet services necessary to provide the
foliowing BACnet functionai groups:

a. Clock Functional Group

Attachment 3 to Solicitation



CONTROL SYSTEM SPECIFICATION

b. Event Response Functional Group
¢. Time Master Functionai Group

d. Device Communications

2. Please refer to section 22.2, BACnet Functional Groups, in the BACnet standard for a

complete list of the services that must be directly supported to provide each of the

_ functionat groups listed above. All proprietary services, if used in the systemn, shaii be '

thoroughly documented and provided as part of the submittal data. All necessary tools
shall be supplied for working with proprietary information. '

Standard BACnet object types accessed by the workstation shall include as a minimum:
Analog Value, Analog Input, Analog Output, Binary Value, Binary input, Binary Output,

‘Calendar, Device, Event Enroliment, File, Natification Class, Program and Schedule

object types. All proprietary object types, if used in the system, shall be thoroughly - R
documented and provided as part of the submittal data. All necessary tools shallbe. -
supplied for working with proprietary information. - ‘

The Qperator workstation shall communicate with alt buﬂding global controllers using

. non-iP BACnet over Ethernet oni a Virtual Local Area Network (VLAN) that resides on the "

Fairchild Network. Must support interoperability on wide area networks (WANSs),
metropolitan area networks (MANs), and campus area networks (CANs).

C. Disptays

1.

Operator's workstation shall display all data associated with project as called out on
drawings and/or object type list supplied. Graphic files shall be created using digital, full
color photographs of system installation, AutoCAD or Visio drawing files of field
instatiation drawings and wiring diagrams from as-built drawings. Operator's workstation
shall display all data using three-dimensional graphic representations of all mechanical
equipment. System shall be capable of displaying graphic file, text, and dynamic object
data together on each display and shall include animation. Information shall be labeled
with descriptors and shall be shown with the appropriate engineering units. Al
information on any display shall be dynamically updated without any action by the user.
Workstation shall allow user to change all field-resident EMCS functions associated with
the project, such as setpoints, weekly schedules, exception schedules, etc. from any
screen no matter if that screen shows all text or a complete graphic display. This shall be
done without any reference to object addresses or other numeric/mnemonic indications.

All displays and programming shall be generated and customized by the local EMCS
supplier and installer. Systems requiring factory development of graphics or programming
of DDC logic are specifically prohibited. FEEREERE

Binary objects shall be displayed as cusiomized text. Physical field controlier and graphic

binary operators shall dispiay HAND, OFF and AUTO. Graphic binary outputs shafl
display STOP or START. Graphic binary inputs shalt display OFF or ON. Text shall be
justified left, right or center as selected by the user. Also, allow binary objects to be
displayed as individual change-of-state graphic objects on the display screen such that
they overlay the system graphic. Each binary object displayed in this manner shall be
assigned up to three graphic files for display when the point is ON, OFF or in alarm. For
binary outputs, toggle the object’s commanded status when the graphic item is selected
with the system mouse. Similarly, allow the workstation operator to toggle the binary
object’s status by selecting with the mouse a graphic of a switch or light, for example,
which then displays a different graphic (such as an "ON” switch or lighted lamp).
Additionally, allow binary objects to be displayed as an animated graphic. Animated
graphic objects shall be displayed as a sequence of mutiiple graphics to simulate motion.
For example: when a pump is in the OFF condition, display a stationary graphic of the
pump. When the operator selects the pump graphic with the mouse, the represented
object’s status is toggled and the graphic of the pump’s impetier rotates in a time-based
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animation. The operator shall be abie to click on an animated graphical object or switch it
from the OFF position to ON, or ON to OFF. Allow operator to change graphic file
assignment and also create new and original graphics oniine. System shall be suppted
with a library of standard graphics, which may be used unaltered or modified by the
operator. Systems that do not aliow customization or creation of new graphic objects by
the operator (or with third-party software) shall not be allowed.

Analog objects shall be dispiayed with operator modifiable units. Analog input objects
may also be displayed as individual graphic items on the display screen as an overlay to
the system graphic. Each analog input object may be assigned a minimum of five
graphic files, each with high/low limits for automatic selection and display of these
graphics. As an example, a graphic representation of a thermometer would rise and fall

" In response to either the room temperature or its deviation from the controlling setpoint.

i ‘Analog output objects, when selected with the mouse, shall be displayed as a prompted

- 7.

“dialog (text only) box. Selection for display type shall be individual for each object. Analog
_ object values may be changed by selecting either the “increase” or “decrease” arrow in
‘the analog object spinner box without using the keypad. Pressing the button on the right
-~ side of the analog object spinner box allows direct eniry of an analog value and accesses
. various menus where the analog value may be used, such as trend logs.

Analog objects may also be assigned to an area of a system graphic, where the color of

‘the defined area changes based on the analog object's value. For example, an area of a

floor-plan graphic served by a single control zone would change color with respect to the
temperature of the zone or its deviation from setpoint. All editing and area assignment
shall be created or modified online using simple icon tools.

A customized menu labe! (push-button) shall be used for display selection. Menu items
on a display shall allow penetration to lower level displays or additional menus. Dynamic
point information and menu label push buttons may be mixed on the same display to
allow sub-displays to exist for each item. Each display may be protected from viewing
unless operator has appropriate security level. A security level may be assigned to each
dispiay and system object. The menu label shall not appear on the graphic if the operator
does not have the appropriate security level.

A mouse shall be used to move the pointer arrow fo the desired item for selection of new
display or to allow the operator to make changes to object data.

~D. Password Protection

1.

Provide security system that prevents unauthorized use unless operator is fogged on.
Access shall be limited to operator's assigned functions when user is logged on. This
includes displays as outlined above.

' Fach operator's terminal shall provide security for 200 users minimum. Each user shall

have an individual User ID, User Name and Password. Entries are alphanumeric

" characters only and are case sensitive {(except for User I1D). User ID shall be 0-8

characters, User Name shall be 0-29 characters, and Password shall be 4-8 characters
long. Each system user shall be allowed individual assignment of oniy those control
functions and menu items to which that user requires access. All passwords, user names,
and access assignments shall be adjustable online at the operator’s ferminal. Each user
shall also have a set security level, which defines access to dispiays and individual
objects the user may control. System shall include 10 separate and distinct security
levels for assignment to users.

System shall include an Auto Logout Feature that shall automatically logout user when
there has been no keyboard or mouse activity for a set period of time. Time period shall
be adjustable by system administrator. Autoc Logout may be enabled and disabled by
systern administrator. Operator terminal shall display message on screen that user is
togged out after Auto Logout ocours.
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E. Operator Activity Log

1. Operator Activity Log shall be included with system that tracks ali operator changes and
activities. System shall track what is changed in the system, who performed this change,
date and time of system activity and value of the change before and after operator
activity. Operator shall be abie to display all activity, sort the changes by user and also
by operation.

2. log shall be gathered and archived to hard drive on operator workstation as needed.

- Operator shall be able to export data for display and sorting in a spreadsheet.
3. Any displayed data, that is changeable by the operator, may be selected using the right
. mouse button and the operator activity log shall then be selectable on the screen.
. Selection of the operator activity log using this method shall show all operator changes of
o just that displayed data. ' S ' : '
F. ‘Scheduling - ' o
1. Opera%or's workstation shall show all information in easy—to*read daily format including
: calendar of this month and next. All schedules shall show actual ON/OFF times for day
based on scheduiing priority. Priority for scheduling shall be events, holidays and daily
with events being the highest.
2. Holiday and special event schedules shall display data in caiendar format. Operator shall
' ‘be able to schedule holidays and special events directly from these calendars.

3. Operator shall be able to change all information for a given weekly or exception schedule
if logged on with the appropriate security access.

4. System shall include a Schedule Wizard for set up of schedules, Wizard shall walk user
through all steps necessary for schedule generation. Wizard shall have its own pull-down
selection for startup or may be started by right clicking on value dispiayed on graphic and
-then selecting Schedule.

5. Scheduling shall include optimum start based on outside air temperature, current

heating/cooling setpoints, indoor temperature and history of previous starts. Each and

every individual zone shali have optimum start time independently calcuiated based on all
parameters listed. User shall input schedules to set time that occupied sefpoint is {o be
attained. Optimum start feature shall calculate the stariup time needed fo match zone
temperature to setpoint. User shali be able to set a limit for the maximum startup time
allowed.

G, “Alarm Indication and Handiing

L

Operator's workstation shali provide audible, visual, and p’ﬁnted means of alarm

- indication. The alarm dialog box shall aiways become the top dialog box regardless of the

application(s), currently running. Printout of alarms shall be sent to the assigned terminal

_ and port,

System shall provide log of alarm messages. Alarm log shall be archived to the hard disk
of the system operator’s terminal. Each entry shalf include a description of the event-
initiating object generating the alarm. Description shall be an atarm message of at least
256 characters in length. Entry shall include time and date of alarm occurrence, time

and date of object state return to normal, time and date of alarm acknowledgment and
identification of operator acknowledging alarm .

Alarm messages shall be in user-definable text (English or other specified language) and
shall be entered either at the operator’s terminal or via remote communication.

System shall include an Alarm Wizard for set up of alarms. Wizard shall wakk user
through all steps necessary for alarm generation. Wizard shall have its own pull-down
selection for startup or may be started by right clicking on value displayed on graphic and
then selecting alarm setup.
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- 5.

6.

System shail include the provision to e-mail and dial out alarms to pagers, cell phones, or
workstations, as desired.

Dial out alarms shalt be handled by a global controller with a dial-out modem connected
~toit. All diai-out alarms shall be routed directly to the dial-out global controller over the

Fairchild Network. Alarms shall operate independent of System Server functions.

H. Trend log Information

1

System server shall periodically gather historically recorded data stored in the building
coniroflers and archive the information Archived files shail be appended with new sample

' data, allowing samiples to be accumulated. Systems that write over archived data shall
not be afiowed, unless limited file size is specified. Samples may be viewed at the

" operator's workstation. Operator shall be able to scroll through all trended data. All trend
- log information shall be displayed in standard engineering units. '

Software shall be included that is capable of graphing the trend logged object data.

- Soffware shall be capable of creating two-axis (x,y) graphs that display up to ten object

types at the same time in different colors. Graphs shall show object values relative to
tima. ' '

Operator shall be able to change trend log setup information. This includes the
information to be logged as well as the interval at which it is to be iogged. Alt input,
output, and value object types in the system may be iogged. All operations shall be

~ password protected. Setup and viewing may be accessed directly from any and all

graphics on which object is displayed. :

Systern shall include a trend Wizard for setup of logs. Wizard shalt walk user through all
necessary steps. Wizard shall have its own pull-down selection for startup, or may be
started by right clicking on value displayed on graphic, and then selecting Trend logs
from the displayed menu.

Trend logs shall record based upon time interval or change of vaiue, as desired.

The server shall have a function to archive trend iogs on a monthly basis. These monthly
archives shall be written to a specific location on the Server hard drive where they can be

_ transferred to other media locations as needed.

I Eneray Log Information

1.

: Systerh server shall be capable of periodically gathering energy log data stored in the
field equipment and archive the information. Archive files shall be appended with new

data, allowing data to be accumulated. Systems that write over archived data shall not be
allowed unless limited file size is specified. Display all energy log information in standard
engineering units. ' '

Al data shail be stored in data base file format for direct use by third-party programs.
Operation of system shaif stay completely online during all graphing operations.

Operator shalf be able to change the energy log setup information as well. This includes
the meters to be logged, meter pulse value, and the type of energy units to be logged. All
meters monitored by the system may be logged. System shaii support using flow and
temperature sensors for BTU monitoring.

System shall display archived data in tabular format form for both consumption and peak
values. Data shall be shown in hourly, daily, weekly, monthly and yearly formats. In each
format the user shall be able to select a specific period of data to view.

The server shall have a function to archive energy logs on a monthly basis. These
monthly archives shalt be written to a specific location on the Server hard drive where
they can be transferred to other media locations as needed.
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J Confsg urat:on/Sstup

1.

Provide means for operator to display and change system confsguration Thts shali
include, but not be limited to, system time, day of the week, date of daylight savings set
forward/set back, printer termination, port addresses, modem port and speed, etc. ltems
shall be modified using understandable terminology with simple mouse/cursor key
movements. '

K Field Engmeermg Tools

1.

Operator’s workstation software shall mc!ude field- englneermg tools for programmsng al

- controllers supplied. All controllers shall be programmed using graphical tools that allow

" the user o connect function biocks on screen that provide sequencing of all control logic.

" Function blocks shall be represented by graphical displays that are easily identified and
- distinct from other types of blocks. Graphical programming. that uses sampie rectangles

and squares is not acceptable.

User shall be able to pick graphical function b!ock from menu and place on screen.
Provide zoom in and zoom out capabiliies. Function blocks shall be downioaded to

controller without any reentry of data.

Programming tools shall include a real time operation mode. Function blocks shall display
real time data and be animated to show status of data Inputs and outputs when in real
time operstton Animation shaill show c‘nange of status on loglc devices and countdown of
timer devices in graphical format. :

Field engineering iools shali also include a database manager of applications that include

" logic files for controllers and associated graphics. Operator shall be able to select unit

type, inputfoutput configuration and other items that define unit to be controfied. Supply
minimum of 250 applications as part of workstation software.

Field engineering tool shall include Device Manager for automatic detection of devices
connected anywhere on the BACnet network by scanning of the entire network. This
function shall display device instance, network identification, model number and
description of connected devices. It shall record and display software file loaded into
each controller. A copy of each file shall be stored on the computers hard drive. If
needed, this file shall be downloaded to the appmprrate controller by selection using the

'mouse

System shall include backup/res’tore function that will back up entws system toselected .
medium and then restore system from that media.

cL. Works‘sation Ha;’dware

1.
2.

-~ e a0 T e

Provide a field service Iaptop computer

Laptop Computer Minimum Regquirements

intel or AMD Dual Core Processor, 2.0 Ghz or better
1024 MB RAM or beiter

60GB hard disk or better

14.1" widescreen display or better
High-performance graphics adapter
Ethernet 10/100 network interface with port
CD-RW/DVD Combo Drive

802.11 b/g Wireless LAN

Windows XP Professional SP2

P
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j. 2 USB Ports Minimum
k. Baitery and power cord
I, Carrying case

M. Software

.2.02

1.

At the conclusion of project, contractor shall leave with owner a CD ROM that includes
the complete software operation system and project graphics, setpoints, system

- parameters, etc. This backup shail allow the owner to completely restore the system in

the case of a computer malfunction.

BUILDING CONTROLLER

General Requirements

- ?Bulldmg Controller shall be of modu!ar construct&on such that various moduEes may be

selected to fit the specific requirements of a given project. Modules shall consist of a

) ~ power supply moduie and a BACnet Ethernet-MS/TP module, at a minimum. Those

projects that require special interfaces may use Modbus modules as needed. However

" all Ethernet communications and all controllers including centrai plant controliers,

advanced application controllers and unitary confrofiers supplied by BMS manufacturer
shall utilize the BACnet protoco! standard,

Modules shall be selected to fit the particular proiect application. Up to 7 modules shall

" be powered by a single power supply module. All modules shall be panel mounted on

DIN rail for ease of addition and shall be interconnected via simple plug in cable. A
module in the middle shall be replaceable without removing any other modules.

All modules shall be capable of providing global control strategies for the system based
on information from any objects in the system regardless if the object is directly
monitored by the building controller module or by ancther controller. The software
orogram implementing these strategies shall be completely flexible and user definable.
All software tools necessary for programming shall be provided as part of project
software. Any systems utilizing factory pre-pregrammed global strategies that cannot be
modified by field personnet on-site, via a wide area network or downloaded via remote
communications are not acceptable. Changing global strategies via flrmware changes is
also unacceptabie

Programmmg shall be objec!:~oraented using control function blocks Wthh are themselves .

~ labeled standard graphic logic symbols (not simple boxes with inputs and outputs and
* with adjacent logic symbols}, supporting DDC functions, 1000 Analog Values and 1000
Binary Values. All flowchart inputs and outputs shall be labeled with HVAC functions (for

example "Room 103 temperature”) and hardware points (for example “Al-03). All
flowcharts shall be generated and automatically downloaded to controller, Programming
tool shali be supplied and be resident on workstation. The same tool shall be used for all

. controllers.

Help files for individual programming objects shall be accessible directly from the object
ftself.

Provide means to graphically view inputs and outputs to each program block in real-time
as program is executing. This function may be performed via the operator's workstation
or field computer.

Controller shall have a memory needed to ensure high performance and data reliability.
Battery shall provide power for orderly shutdown of controller and storage of data in
nonvolatile flash memory. Battery back up shall maintain real-time clock functions for a
minimum of 20 days.

Global control algorithms and automated controf functions shall execute via 32-bit
processor.
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9. All system functiohs (Graphics, DDC programming, Trend Logs, etc.) shall be accessible
from the system server using a single integrated program.

10 Schedules

a.

Each building controller module shall support a minimum of 80 BAChet Schedule _
Objects and 80 BACnet Calendar Objects. :

Building coniroller modules shall prowde normal 7 day scheduhng Ij;o'!'iday
scheduling and event scheduling. :

11. Logging Capabilities

a.

Each building controller shall log as minimum 320 values. Any ob;ect in the system
(real or calculated) may be logged Sampie time lntervai shall be adjustable at the
operator's workstation. -

Logs may be viewed both on-site or off~51te via WAN or remote communtcation

Building controlier shall penodmaiiy upload tfended data to networked operator S,
workstation for long term archiving if desired. .

Archived data stored in database format shall be avaliable for use in ihxrd-party
spreadsheet or database programs.

12. Alarm Generation

a

Alarms may be generateci within the system for any ob;ec‘i change of value or sta%e
either rea! or calculated. This includes things such-as analog object value changes,
binary object state changes, and various controller communication failures. -

Each alarm may be dialed out as noted elsewhere.

Alarm log shall be provided for alarm viewing. Log may be viewed on-site at the
operator's terminal or off-site via remote communications.

Controller must be able to handle up to 320 alarm setups stored as BACne’z event
enroliment objects — system destination and actions mdwldually configurabie.

B Ethernet - MS/TP Moduie

1
. General Requirements, of this section and the foliowing. .
C2

Fthemet — MS/TP Moduie shall support every function as listed under paragraph A,

All communication with operator workstatlon aﬂd aht appiicatton controllers shall be via

BACnet. Building controller Ethernet — MS/TP module shall incorporate as a minimum,

the functions of a 2-way BACnet router. Controlfer shall route BACnet messages between
the high-speed LAN (Ethernet 10/100MHz) and master slave token passing (MS/TP)
LAN. Ethernet—MS/TP module shall also route messages from all other Building
Controller moduies onto the BACnet Ethernet network. :

a.
b.

MS/TP LAN must be software configurable from 9.6 to 76.8Kbps.

The RJ-45 Ethernet connection must accept either 10Base-T or 100Base-TX BACnet
over twisted pair cable (UTP).

3. BACnet Conformance

a.

Ethernet — MS/TP module shall as a minimum support MS/TP and Ethernet BACnet
LAN types. It shall communicate directly via these BACnet LANs as a native BACnet
device and shall support simultaneous routing functions between all supported LAN
types. Global controller shall support all BACnet services necessary to provide the
following BACnet functional groups:

i. Clock Functional Group
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ii. Files Functional Group

ii. Reinitialize Functional Group

iv. Device Communications Functional Group
v. Event Initiation Functional Group

Please refer {o section 22.2, BAGnet Functional Groups, in the BACnet standard for a
complete list-of the services that must be directly supported to provide each of the
functional groups listed above. Al proprietary services, if used in the system, shall be
thoroughly documented and provided as part of the submittal data. All. necessary

tools shall be supplied for working with proprietary information,

. Standard BACnet object types supported shall include as a minimum: Analog Value,

- Binary Value, Calendar, Device, File, Group, Notification Class, Programand -~
Schedule object types. All proprietary object types, if used in the system, shall be

~ thoroughly documented and provided as part of the submittal data. All necessary

tools shalf be supplied for working with proprietary information. ‘
The Building Controller shali comply with Annex J of the BACnet specificétion for |P
connections. Must support interoperability on wide area networks (WANSs), o
metropoiitan area networks (MANSs), and campus area networks {CANs) and function
as a BACnet Broadcast Management Device (BBMD).

~C. MS/TP Module

1. 'MS/TP Module shall support every function as listed under parag'raph' A, General -
Requirements, of this section and the following.

2. Building Controlier MS/TP module communications shall be via BACnet master slave
token passing (MS/TP) LAN to ail advanced application and application specific
controliers. MS/TP module shalt also route messages to Ethernet-MS/TP module for
communication over WAN. ‘

a.
b.
- 3. BACnet Conformance

. a.

MS/TP LAN must be software configurable from 9.6 to 76.8Kbps
Configuration shall be via RS-232 connection.

MS/TP module shall as a minimum support MS/TP BACnet LAN type. ltshall .~ -

communicate directly via this BACnet LAN as a native BAChet device and shall
support simultaneous routing functions between all supported LAN types. Controller

- shall be a BACnet conformance class 3 device and support all BA’Cne{ services

negeSsary to provide the following BACnet functional groups. .
i, Clock Functional Group

if. Files Functional Group

fi. Reinitialize Functional Group

iv. Device Communications Functional Group

v. Event Initiation Functional Group

Please refer to section 22.2, BACnet Functional Groups, in the BACnet standard for a
complete list of the services that must be directly supported to provide each of the
functional groups listed above. All proprietary services, if used in the system, shalt be
thoroughly documented and provided as part of the submittal data. All necessary
tools shalt be supplied for working with proprietary information.

Standard BACnet object types supported shall include as a minimum: Analog Value,
Binary Value, Calendar, Device, File, Group, Notification Class, Program and
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Schedule object types. All proprietary object types, if used in the system, shall be
thoroughly documented and provided as part of the submittal data. All necessary
tools shali be supplied for working with proprietary information.

D Power Supply Module

1. Power supply module shall power up to 7 Building Controller Modules. Input for power
shall accept between 17 and 30 VAC, 47 {o 65 Hz.

2. Power supply module shall include rechargeable battery for orderly shutdown of
. controller modules including storage of ali data in flash memeory and for continuous .
operatlon of real time clocks for minimum of 20 days.

E Mocfbus Module .

R -Modbus Module shall support every function as llsted under paragraph A, General
- 'Requirements, of this section and the following.

2. Building Controller Modbus module communications shall be via one of three types of
.. ports: EIA-485, EIA-422 or RS-232 connection. Modbus module shall convert Modbus
data into BACnet objects. Modbus module shall also route messages to Ethernet-MS/TP
- moduie for BACnet Ethernet communication over WAN.

a. Modbus Module shall support ASCII or RTU Modbus communication at 9600 or 4800
baud.

| b, EiA-422 and EIA-232 connection shall support one connection of Modbus unit.
C. "E1A-485 connection shall support connection of up to 247 Modbus units. '
d. Configuration shall be via RS-232 connection.
3. BACnet Translation

a.  All Modbus data shall be translated into BACnet objects by the Modbus module. All
configuration tools shall be supplied fo assure data is translated as necessary to the
correct format and value.

b. Standard BACnet object types supported shall include as a minimum: Analog Value,
- Binary Value, Calendar, Device, File, Group, Notification Class, Program and
-, Schedule object types. All proprietary object types, if used in the system, shall be
* thoroughly documented and provided as part of the submittal data. All necessary
tools shall be supplied for workzng with proprietary information.

“ 2.03. f‘CENTRAL PLANT AND AIR HANDLER APPLICAT]ON CONTROLLERS

A. Provide one or more native BACnet application controllers for each air handler and prov;de
native BACnet application controllers as needed for central piant control that adequately
cover all objects listed in object list. All controllers shali interface to building controller via
MS/TP LAN using BACnet protocol. No gateways shall be used. Controllers shall include
input, output and self-contained logic program as needed for complete control of units.
Controllers shall be fully programmable using graphical programming blocks. Programming
tool shall be resident on operator workstation and be the same tool as used for the building
controller. No auxiliary or non-BACnet controliers shail be used.

B. BACnhet Conformance

1. Application controllers shall as a minimum support MS/TP BACnet LAN types. They shall
communicate directly via this BACnet LAN at 9.6, 18.2, 38.4 and 76.8 Kbps, as native
BACnet devices. Application controllers shall be of BACnet conformance class 3 and
support aif BACnet services necessary to provide the following BACnet functional groups:

a. Files Functionat Group
b. Reinitialize Functicnal Group
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¢. Device Communications Functional Group

2 Please refer to section 22.2, BACnet Functional Groups, in the BACnet standard, for a
© complete list of the services that must be directly supported fo provide each of the
functional groups listed above. All proprietary services, if used in the systern, shall be
thoroughly documented and provided as part of the submiital data. All necessary fools
shall be supplied for working with proprietary information.

3. Standard BACnet object types supported shall inciude as a minimum-~—Analog input,
- Analog Output, Anaiog Value, Binary Input, Binary Output, Binary Value, Device, File,

-and Program object types. All proprietary object types, if used in the system, shall be
thoroughly documented and provided as part of the submitial data. All necessary tools

. shall be supplied for working with proprietary information. :

Ap'p'lication"Conta"oliers shall include universal inputs with 10-bit resolution that accept 3K and
10K thermistors, 0~10VDC, 0-5 VDC, 4-20 mA and dry contact signals. Any inputon a

.. controller may be either analog or digital with a minimum of 3 inputs that accept pulses.
- Coniroller shall also include support and modifiable programming for interface {o intelligent
‘room sensor with digital display. Controller shall include binary and analog outputs on board.

Analog outputs shall be switch selectable as either 0-10VDC or 0-20mA. Software shall
include scaling features for analog outputs. Application controller shall include 24VDC voliage
supply for use as power supply to exiernal sensors.

All program sequences shall be stored on board application controlier in EEPROM. No

. batteries shall be needed to retain logic program. All program sequences shall be executed

by controller 10 times per second and capable of multiple PID loops for control of multiple

devices. All calculations shall be completed using floating-point math and system shall
support dispiay of all information in floating-point nomenciature at operator’s terminal.
Programming of application controller shall be completely modifiable in the field over installed
BACnet LANs or remotely via modem interface. Operator shall program logic sequences by
graphically moving function blocks on screen and tying blocks together on screen. Application
controller shall be programmed using programming toois as described in operator's terminal
section.

Application controller shall include support for intelligent room sensor (see section 2.9.B.)

. Display onintelligent room sensor shall be programmable at application controller and

“include an operating mode and a field service mode. All button functions and display data

© 204
A

shall be programmable to show specific controller data in each mode based on which button |
is pressed on the sensor. See sequence of operation for specific display requirements at
inteiligent room sensor.

: -_EX-PANDABLE CENTRAL PLANT APPLICATION CONTROLLERS

General

1. Expandable application controller shall be capable of providing control strategies for the
system based on information from any or all connected inputs. The program that
implements these strategies shall be completely flexible and user definable. Any systems
utitizing factory pre-programmed global strategies that cannot be modified by field
personnel on-site via simple download are not acceptable. Changing global strategies via
firmware changes is also unacceptable. Program execution of controller shall be a
minimum of once per second.

2. Programming shall be object-oriented using control program blocks, Controller shali
support a minimum of 500 Analog Values and 500 Binary Values. Each and every analog
and binary value shall support standard BACnet priority arrays. Programming tool shali
be provided with system and shall be the same tool that is used to program the Building
Controller. All flowcharts shall be generated and automatically downloaded to controfier.
No re-entry of database information shall be necessary.
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Provide means to graphicaily view inputs and outputs to each program block in real-time
as program is executing. This function may be performed via the opergtor's terminal or

field computer.

Controller shall have adequate data storage to ensure high performance and data
reliability. Battery shall retain static RAM memory and reai-time ciock functions for a

_ minimum of 1.5 years (cumuiative). Battery shall be a field-replaceable (non-

) ._rechargeabie) lithium type. Unused battery life shall be 10 years.

" The onboard, battery-backed real time clock must support schedule operations and trend
“logs. '

Global control algorithms and automated confrol functions should execute via 32-bit

processor.

Controfier shall include both on-board 10BASE-T/100BASE-TX Ethernet BACnet
' communication over twisted pair cable (UTP) and shall include BACnet IP '

" communication. In addition, controller shall include BACnet PTP connection port.
. Controller shall also operate as a device on an MS/TP trunk. '

10.

inputs directly.

The base unit of the controller shall host up to 8 expansion modules with various /O
combinations. These inputs and outputs shafl include universal 12-bit inputs, binary triac

‘outputs, and 8-bit switch selectable analog outputs (0-10V or 0-20 mA)}. Inputs shall

support 3K and 10K thermistors, 0-6VDC, 0-10VDC, 4-20mA, dry contacts and pulse

- Al outputs must have onboard Hand-Off-Auto switches and a status indicator light. HOA.

switch position shall be monitored. Each analog output shall include a potentiometer for
manually adjusting the output when the HOA switch is in the Hand position.

The position of each and every HOA switch shall be available system wide as a BACHhet

‘" object. Expandable Central Plant Controller shall provide up to 176 discreet

inputs/outputs per base unit.

B. BACnet Conformance

1.

Central Plant/AHU Controlier shall as a minimum support Point-to-Point (PTP), MS/TF -
and Ethernet BACnet LAN types. It shafl communicate directly via these BACnet LANs as
a native BACnet device and shall support simultaneous routing functions between all

o supported LAN types. Building controller shall be a BACnet conformance class 3 device

and support all BACnet services necessary to provide the following BACnet functional

~* groups:

® o 0T o

Clock Functionai Group

Files Functional Group

Reinitialize Functional Group

Device Communications Functional Group
Event Initiation Functional Group

Please refer to section 22.2, BACnet Functionai Groups, in the BACnet standard for a
complete list of the services that must be directly supported to provide each of the
functional groups listed above. Ali necessary toois shall be supplied for working with
proprietary information.

Standard BACnet object types supported shall include as a minimum: Analog Input,
Binary Input, Analog Qutput, Binary Output, Analog Vaiue, Binary Value, Device, File,
Group, Event Enrollment, Notification Class, Program and Schedule object types. All
necessary tools shall be supplied for working with proprietary information.
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4. The Controller shall comply with Annex J of the BACnet specification for IP connections.

This device shall use Ethernet fo connect to the IP internetwork, while using the same
Ethernet LAN for non-IP communications to other BACnet devices on the LAN. Must
support interoperability on wide area networks (WANs), metropolitan area networks
(MANSs), campus area networks (CANs) and function as a BACnet Breadcast
Management Device (BBMD).

C. Schedules

1.

Each Central PlanUAHU controiler sha!l support a mlnrmum of 50 BACnet Scheduie
" Objects. S

D. Logging Capabmtres o

1.

_Each controller shall support a minimurn, of 200 trend logs. Any object in the system (real .. ... o
- or calculated) may be §ogged Sample tzme 1nterva| sha%% be. edjustable at the operators FRRPI.
“workstation.

Controller shall periodically upload trended data to system server for long term archrvmg '

- if desired.

Archived data stored in database format shali be ava;!able for use in thrrd -party
spreadsheet or database programs.

E. Aiarm Generatfon

1.

Alarms may be generated within the systern for any object change of value or state either

real or calculated. This includes things such as analog object value changes, binary’
object state changes, and various controller communication failures.

Alarm fog shall be provided for alarm viewing. Log may be viewed on-site at the

operator's terminal or off-site via remote communicaﬁons

Controfier must be able to handie up to 200 aflarm setups stored as BACnet event
enroliment objects — system destination and actions mdrvrduauy configurable.

205 TERMINAL UNIT APPLICATION CONTROLLERS (Heat Pumps, AC Units, Fan Coils)

A. Provide one native BACnet application controller for each piece of unitary mechanical
" equipment that adequately covers all objects listed in object list for unit. All controtiers shall .
“interface to building controller via MS/TP LAN using BACnet protocol. No gateways shall be
used. Controllers shall include input, output and self—contarned logrc program as needed for
' compfete control of unit.

B. BACnet Conformance

L

Application controllers shallas a minimum support MS/TP BACnet LAN types. They shan
communicate directly via this BACnet LAN at 9.6, 19.2, 38. 4 and 76.8 Kbps, as a native
BACnet device. ARCNET communication ports shali not be allowed. Application
controllers shall be of BACnet conformance class 3 and support alf BACnet services
necessary to provide the following BACnet functional groups:

a. Files Functional Group .
b. Reinitialize Functional Group _
c. Device Communications Functional Group

Please refer to section 22.2, BACnet Functional Groups in the BACnet standard for a
complete list of the services that must be directly supported to provide each of the
functional groups listed above. All proprietary services, if used in the system, shall be
thoroughly documented and provided as part of the submittal data. All necessary tools
shall be supplied for working with proprietary information,
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3. Standard BACnet object types supported shall include as a minimum-Analog Input,
Analog Output, Analog Value, Binary Input, Binary Output, Binary Value, Device, File and
Program Object Types. All proprietary object types, if used in the system, shali be
thoroughly documented and provided as part of the submittal data. All necessary tools
shall be supplied for working with proprietary information.

Application controllers shall include universal inputs with 10-bit resolution that can accept 3K
and 10K thermistors, 0-5 VDG, 4-20 mA, dry contact signals and a minimum of 3 pulse
inputs. Any input on controller may be either analog or digitai. Controlier shall also include
support and modifiable programming for interface to intelligent room sensor. Controller shall
include binary outputs on board with analog outputs as needed.

'AH' program sequences shall be stored on board controller in EEPROM. No batteries shall be
_needed to retain logic program. All program sequences shall be executed by controller 10

e “times per second and shall be capable of multiple PID loops for control of multiple devices.

2.06

Programming of application controller shall be completely modifiable in the field over instalied

- BACnet LANs or remotely via modem interface. Operator shall program logic sequences by

graphically moving function blocks on screen and tying blocks together on screen, Application

" controller shall be programmed using same programming tools as building controfler and as

described in operator workstation section. All programming tools shall be provided and
installed as part of system.

Application conirolier shall include support for intelligent room sensor (see Section 2.9.B.)
Disptay on room sensor shall be programmable at controller and include an operating mode
and a field service mode. All button functions and display data shall be programmabie {o
show specific controlier data in each mode based on which button is pressed on the sensor. -
See sequence of operation for specific display requirements at inteliigent room sensor.

VAV BOX CONTROLLERS—SINGLE DUCT

Provide one native BACnet application controlier for each VAV box that adequately covers all
objects listed in object list for unit. Ail controllers shali interface to building controller via
MS/TP LAN using BACnet protocol. No gateways shall be used. Controllers shall include on
board CFM flow sensor, inputs, outputs and programmable, seif-contained logic program as
needed for control of units. '

'B_ACn_et Conformance

1. Application controllers shall as a minimum support MS/TP BACnet LAN typeé. They shall -~

communicate directly via this BACnet LAN at 9.6, 19.2, 38.4 and 76.8 Kbps, as a native
BACnet device. ARCNET communication protocols shall not be allowed. Application

controliers shail be of BACnet conformance class 3 and support all BACnet services
necessary to provide the following BACnet functional groups:

a. Files Functional Group
b. Reinitialize Functional Group
¢c. Device Communications Functional Group

2. Please refer to section 22.2, BACnet Functional Groups, in the BACnet standard, for a
complete fist of the services that must be directly supported to provide each of the
functional groups listed above. All proprietary services, if used in the system, shall be
thoroughly documented and provided as part of the submittal data. All necessary tools
shall be supplied for working with proprietary information.

3. Standard BACnet object types supported shall include as a minimum—~Analog Input,
Analog Output, Analog Value, Binary Input, Binary Output, Binary Value, Device, File and
Program Object Types. All proprietary object types, if used in the system, shall be
thoroughly documented and provided as part of the submittal data. Al necessary
programming fools shall be supplied for working with proprietary information.
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C. Application controliers shall include universal inputs with 10-bit resolution that can accept 3K

2.07

and 10K thermistors, 0~5 VDC, and dry contact signals. Inputs on controller may be either
analog or digital. Controller shalt also include support and modifiable programming for -
interface to inteftigent room sensor with digital display. Controlier shakl also include hinary
outputs on board. For applications using variable speed parallel fans, provide a single analog
output selectable for 0-10 V or 0-20 mA control signals. Appiication controller shall include
microprocessor driven flow sensor for use in pressure independet control logic, All boxes

- shall be controlied using pressure independent control algerithms and all flow readings shali
. bein CFM (LPS if metric).

All program sequences shall be stored on board application controller in EEPROM. No
batteries shall be needed to retain logic program. All program sequences shall be executed

_.> by controlier 10 times per second and shall be capabie of multiple PID loops forcontrolof -~~~ .°
. multiple devices. Programming of application controller shall be completely modifiable in the )
" field over installed BACnet LANs or remotely via modem interface. Operator shail program -

logic sequences by graphically moving function blocks on screen and tying blocks together

- on screen. Application controlier shall be programmed using the same programming tool as
. Building Controller and as described in operator workstation section. All programming tools
* shall be provided as part of system. .

Appiication controlier shall include support for intelfigent room sensor (see Section 2.9.B.)
Display on room sensor shail be programmable at application controller and include an

- operating mode and a field service mode. All button functions and display data shall be
- programmable to show specific controlier data in each mode based on which button is

pressed on the sensor. See sequence for specific display requirements for inteliigent room
Sensor.

On board flow sensor shall be microprocessor driven and precalibrated at the factory.
Precalibration shall be at 16 flow points as a minimum. All factory calibration data shall be
stored in EEPROM. Calibration data shall be field adjustable to compensate for variations in
VAV box type and instaliation. Ali calibration parameters shall be adjustable through

intelligent room sensor. Operator workstation, portable computers and special hand-held field

fools shall not be neaded for field caiibration,

Provide duct temperature sensor at discharge of each VAV box that is connected to controller

- for reporting back to operator workstation.
SENSORS and MISCELLANEOUS DEVICES

Temperature Sensors

1. All temperature sensors to be solid state electronic, factory-calibrated to within 0.5°F,

totally interchangeabie with housing appropriate for application. Wall sensors to be -
installed as indicated on drawings. Mount 48 inches about finished floor. Duct sensors
to be installed such that the sensing element is in the main air stream. Immersion
sensors fo be installed in wells provided by control contractor, but installed by mechanical
contractor. Immersion wells shall be filled with thermal compound before installation of
immersion sensors. Outside air sensors shall be installed away from exhaust or relief
vents, not in an outside air intake and in a location that is in the shade most of the day.

Inteliigent Room Sensor with LCD Readout

1. Sensor shall contain a LCD digita! dispiay and user function keys along with temperature
sensor. Controiler shall function as room control unit, and shall allow occupant to raise
and lower setpoint, and activate terminal unit for override use—all within limits as
programmed by building operator. Initial setpoint shall be pre-determined by FAFB with
field adjustment initially disabled. Sensor shall also allow service technician access to
hidden functions as described in sequence of operation.

2. The Intelligent Room Sensor shall simultaneously display room setpoint, room
temperature, outside temperature, and fan status (if applicable) at each controller. This
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unit shall be programmable, allowing site developers the flexibility to configure the dispiay
to match their application. The site developer should be able fo program the unit to

display time-of-day, room humidity and outdoor humidity. Unit must have the capabiiity to -
show temperatures in Fahrenheit or Centigrade.

Override time may be set and viewed in half-hour increments. Override time count down

‘shall be automatic, but may be reset to zero by occupant from the sensor. Time

remaining shall be dispiayed. Display shall show the word “OFF” in unoccupied mode

" unless a function button is pressed.

“See sequence of operation for specific operation of LCD displays and function keys in
. field service mode and in normal occupant mode. Intelligent room sensors are required
- for normally occupied areas, such as offices, training rooms, conference rooms, efc. See -
_the points list for specific instances. T . ' o :

" Field service mode shall be customizable to fit different applications. If intelligent room.
‘sensor is connected to VAV controller, VAV box shall be balanced and all air flow. '

parameters shall be viewed and set from the intelligent room sensor with no computer or
other field service tool needed.

C. Wall Sensor

1.

Standard wall sensor shail use solid-state sensor identical to intelligent room sensor and
shall be packaged in aesthetically pleasing enclosure. Sensor shall provide override

~ function, warmer/cooler lever for set point adjustment and port for plug-in of Field Service

Tool for field adjustments. Override time shall be stored in controller and be adjustable on
a zone-by-zone basis. Adjustment range for warmer/cooler lever shall also be stored in
EEPROM on controller. All programmabie variables shall be avaiiable to Field Service
Tool through wall sensor port.

Standard wall sensors are required in unoccupied spaces such as warehouses, storage,
etc. See the points list for specific instances.

D. Field Service Teol

1.

Field service tool shall allow technician to view and modify all setpoints and tuning

~parameters stored in application controller. 1n addition, technician shall be able to view

. status of all inputs and outpuis on digital readout. Each piece of data shall have a data

3.

code associated with it that is customizable.

‘Field serv‘ice tool shall plug into wall sensor and provide all the functionallty specified.

Operator workstation shall include the capability to disable operation of the field service
tool. . : '

Provide 1 Field Service Tool for this project.

E. Network Connéction Tool

1

3.

Network connection tool shall allow technician to connect a iaptop to any MS/TF network
or at any MS/TP device and view and modify all information throughout the entire BACnet
network. Laptop connection to tool shall be via Ethernet or PTP.

Provide quick connect to MS/TP LAN at each controller. Tool shall be able to adjust to all
MS/TP baud rates specified in the BACnet standard.

Provide 1 Netwark Connection Too! for this project.

208 Electronic Actuators and Valves

A. Quality Assurance for Actuators and Valves

1.

UL Listed Standard 873 and C.S.A. Class 4813 02 certified.
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3

NEMA 2 rated enclosures for inside mounting, provide with weather shield for outside
mounting.

Five-year manufacturers warranty. Two-year unconditional and three~year product defect
from date of instailation.

_ B Executton Details for Actuators and Valves

1.

a4
5,

Furnlsh a Freeze-stat and install "Hard Wire" interlock to disconnect the mechanical
spring return actuator power circuit for fail-safe operation. Use of the control signal to

_drNe the actuators closed is not acceptable.

* Each DDC analog output point shall have an actuator feedback signal, independent of
~ control signal, wired and terminated in the control panel for true position information and
- troubleshooting.. Or the actuator feedback signal may be wired to the DDC as an anaiog

input for true actuator position status.

> VAV box damper actuation shaii be Analog (2 -10vdc), using a separate actuator from the

conirolier,

‘Re-heat valve actuation shall be Floating type or Anatog (2-10vdc, 4-20ma).

Primary vaive confroi (AHU, convertors, etc.) shall be Anaiog (2-10vdc, 4-20ma).

C. Actuators for Damper and Conirol Vaives %" to 8" shall be Electric unless otherwise
. specified, provide actuators as foliows!

| ’t

UL Listed Standard 873 and Canadian Standards association Class 481302 shall cert;fy

“Actuators,

NEMA 2 rated actuator enclosures are. Use additional weather shield to protect actuator
when mounied outside.

5 year Manufacturers Warranty. Two-year unconditional + Three year product defect from
date of installation.

Mechanical spring shali be provided when specified. Capacitors or other non- mechamcal
forms of fail-safe are not acceptable.

Position indicator device shall be installed and'made visible to the exposed side of the

- Actuator. For damper short shaft mounting, a separate indicator shall be provnded to the

7.
8.
g,

exposed side of the Actuator.

Overload Protection: Actuators shall provide protect_éon against actuator burnout by using
an irternal current limiting circuit or digital motor rotation sensing circuit. Circuit shall -

"insure that actuators cannot burn out due to stalled damper or mechanical and eiectrical

paralieling. End swiiches to deactivate ‘{he actuator at the end of rotation are acceptable
only for Butterfly Valve actuators,

A push button gearbox release shall be provided for all non-spring actuators.
Modulating actuators shall be 24Vac and consume 10VA power or less.

Conduit connectors are reguired when specified and when code requires it.

. Damper Actuators:

1.

Outside Air and Exhaust Air Damper Actuators shall be Mechanical Spring Return.
Capacitors or other non-mechanical forms of fail-safe are not acceptable. The actuator
mounting arrangement and spring return feature shall permit normally open or normally
closed positions of the damper as required.

Economizer Actuators shall utilize Analog controi 2-10 VDC, Fioating control is not
acceptable.
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| B Valve Ac'tuato‘rs 112" to 6"

“Mechanical spr
. AHU heating or cooling cofi when units are mounted outside. See plans for fail save flow
" function; Normal Open or Normal Closed. Capacitors or other non-mechanical forms of

Electric damper actuators (including VAV box actuators) shall be direct shaft mounted

- and use a V-bolt and toothed V-clamp causing a cold weld effect for positive gripping.

Single bolt or setscrew type fasteners are not acceptable.

One electronic actuator shall be direct shaft mounted per damper section. No connecting

" rods or jackshafts shall be needed. Small outside air and return air economizer dampers

may be mechanically linked together if one actuator has sufficient torque to drive both
and damper drive shafts are both horizontal installed. :

‘Multi-section dampers with electric actuators shall be arranged so that each danﬁpef

section operates individually. One electronic actuator shall be direct shaft mounted per
damper section. (See below execution section for more installation details.)

ni’Q shall be provided on alt actuators for pre-heat coil and actuators for

fail-safe are not acceptable.

2. Al zone service actuators shall be non-spring return uniess otherwise specified.

B . 4-.

5

The vaive actuator shall be capable of providing the minimum torque required for proper
valve close off for the required application,

- All controi valves actuators shall have an attached 3-foot cable for easy installation to a

junction box.

Override handle and gearbox release shall be provided for all non-spring retum valve
actuators.

F  Control Valves 1/2” to 6" The BAS contractor shall furnish all specified motorized control
vaives and actuators. BAS contractor shall furnish all control wiring to actuators. The
Plumbing contractor shall install alt valves. Equal Percentage control characteristic shall be
provided for alf water coil control valves. Linear valve characteristic is acceptable for 3-way
valves 2-1/2 inch and above. '

1,

Characterized Control Valves shall be used for hydronic heating or cooling applications

and small to medium AHU water coil applications fo 100GPM. Actuators are non-spring
- return for terminal unit coil control unless otherwise noted. If the coil is exposed fo the
QOutside Air stream then see plans for Spring Return requirement. '

a. - Leakage is Zero percent, Close-off is 200psi, Maximum diffe;ehtial is SOpsE. o
- ‘Rangeabiity is 500:1. o R, .

" b, Valves 1/2 inch through 2 inches shall be nickel-plated forged brass body, NPT screw

type connections.

¢, Valves 1/2 inch through 1-1/4 inches shall be rated for ANSi Class 800 working
pressure. Valves 1-1/2 inch and 2 inches shall be rated for ANSI Class 400 working
pressure.

d. The operating temperature range shali be 0°F 10 250° F.
e. Stainless steel ball & stem shall be furnished on all modulating valves.
f. Seats shall be fiberglass reinforced Teflon.

g. Two-way and three-way valves shall have an equal percentage coniroi port. Fuli
stem rotation is required for maximum flow to insure stable BTU controf of the coil.

h. Three-way valve shall be applicable for both mixing and diverting.

i, The characierizing disc is made of TEFZEL and shall be keyed and held secure by a
retaining ring.
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The valves shall have a blow out proof stem design.

The stem packing shall consist of 2 fubricated O-rings designed for on-off or
modulating service and reguire no maintenance.

‘The valves shall have an ISO tyzde 4-bolt flange, for mounting actuator in any

orientation parallel or perpendicular to the pipe.

A non-metallic thermal isolation adapter shall separate valve flange from actuator

One fastening screw shall secure the direct coupling of the thermal isolation adapter

between the actuator and the valve. This will prevent all lateral or rotational forces
from affecting the stem and ItS packing O-rings. :

2 Globe valves 1/2" to 2" shall be used for steam control or water flow app!;catlons

o a

: Vaives shali be bronze body, NPT screw type, and shall be rated for ANSI CEass 250 k
) ;work;ng pressure. .

-~ Valves 1/2 inch {DN15) through 2 inches (DNSO) WIth spring return actuators shail o

- close off against 50 psi pressure differential with Ciass || leakage (0.1%).

c.
d.
e
f

g.

“ The operating temperature range shall be 20°F to 280° F.

Spring loaded TFE packing shall protect against leakage at the stem.

_ Two-way valves shall have an equal percentage control port.

Three-way valves shall a linear control and bypass port.

Mixing and diverting valves must be instailed specific to the valve design.

3 Globe Valve 2-1/2" to 8"

a.

Valves 2-1/2 inch (DN65) through 8 inches (DN50) shall be fron body, 125 Ib. ﬂanged
with Class 1l {0.1%) close-off leakage at 50 psi differential.

Valves with spring return actuators shall close off against 50 psi pressure differential
with Class 1l Eeakage (0.1%).

Flow type for two-way valves shan be equal percentage Flow type for three-way -~ -

- valves shall be linear.
d.

thmg and diverting valves must be mstatéed spemﬂc to the valve des:gn

G Buiterfly valves

= 1, " Butterﬂy Vaives shaH be sizéd for modulating service at 60-70 degree stem rotatton
Isolation valves shall be line-size. Design velocity shall be less than 12 fest per second
when used with standard EPDM seats.

a
b

c

d.
e

f

a.

Body is Cast lron.

Disc is Aluminum Bronze standard.

Seat is EPDM Standard.

Body Pressure is 200 psi, -30F to 275F.
Flange is ANSI 125/250.

Media Temperature Range is -22°F to 240°F.

Maximum Differential Pressure is 200 psi for 2 fo 8" size.

H. Butterfly Valve Industrial Actuators

1. Actuators shall be approved under Canadian Standards Association or other Nationally
Recognized Testing Laboratory to UL standards. CSA Class 4813 02 or equal.
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3.

Enclosure shall be NEMA 4 {(weatherproof) enclosure and will have an industriai quality
coating.

a4 Actuator shali have a motor rated for continuous duty. The motor shali be fractional

horsepower; permanent split capacitor type designed to operate on a 120 VAC, 1 pH,
80 Hz supply. Two adjustable cam actuated end travel limit switches shall be -

. provided to control direction of travel. A self-resetting thermal switch shall be
imbedded in the motor for overload protection. :

b.. Reduction gearing shall be designed to withstand the actual motor stall torque. Gears
- shall be hardened afloy steel, permanently lubncated A self- Iockmg gear assembly
ora brake shail be supphed

-C., Actuator shall have a 6 ft wiring harness provided for ease in field warmg {abcve 1500 .

_ . in-lbs). Two adjustable SPDT cam-actuated auxiliary switches, rated at 250 VAC.
o shall be provided for indication of open and closed position. Actuator shall have -
" heater and thermostat to minimize condensation within the actuator housing.

d. Actuator shall be equtpp@d with a hand wheel for manual overnde to permit operatlon
. of the vaive in the event of electrical power failure or system malfunction. Hand
wheel must be permanently attached to the actuator and when in manual operation
electrical power to the actuator will be permanently interrupted. The hand wheel will
not rotate while the actuator is electrically driven.

e. The actuator shall be Analog floating, or two position as called out in the control
sequence of operation. All Analog valves shall be positive positioning, and respond
" to a 2-10 VDC, 4-20 mA, or adjustable signal as required. Analog actuators shall
have a digital control card allowing any voltage input for control and any DC voltage
feedback signal for position indication.

Performance Verification Test

a, Control loops shall cause productive actuation with each movement of the actustor
and actuators shali modulate at a rate which is stable and responsive. Actuator
movement shall not occur before the effects of previous movement have affected the
sensor.

b. Actuator shall have capability of agnalmg a troubte alarm Wh@n the actuator Stop-Go
Ratio exceeds 30%. ‘

‘Actuator Mountmg for Damper and Valve arrangements shaH compiy to the foﬂowmg

a. .Damper Actuators: Sha[I not be instalied in the air stream..

‘b. A weather shield shall be used if actuators are located OUtSlde For Damper

Actuators use clear plastic enclosure.

¢, Damperor valve actuator ambient temperature shall not exceed 122 degrees F
through any combination of medium temperature or surrounding air. Appropriate air
gaps, thermal isolation washers or spacers, standoff fegs, or insulation shall be
provided as necessary.

d. Actuator cords or conduit shall incorporate a drip leg if condensation is possible.
Water shall not be allowed fo contact actuator or internal parts. Location of conduits
in temperatures dropping below dew point shall be avoided to prevent water from
condensing in conduit and running inte actuator.

e. Damper mounting arrangements shall comply to the following:

i, The ventilation subcontractor shall furnish and install damper channel supports
and sheet metal collars.

ii. No jack shatting of damper sections shall be allowed.
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2.09

PART 3
3.01

3.02

3.03

ii. Multi-section dampers shall be arranged so that each damper section operates
individually. One electronic actuator shall be direct shaft mounted per section.

f. Multiple section dampers of two or more shall be arranged to allow actuators to be
direct shaft mounted on the outside of the duct.

g. Multiple section dampers of three or more sections wide shall be arranged with a 3-
sided vertical channel (8" wide by 6" deep) within the duct or fan housing and
petween adjacent damper sections. Vertical channel shall be anchored at the top

" and bottom fo the fan housing or building structure for support. The sides of each
damper frame shall be connected to the channels. Holes in the channel shall altow
damper drive biade shafts to pass through channet for direct shaft mounting of
actuators. Open side of channel shall be faced down stream of the airflow, except for -

" exhaust air dampers. R Lo R i C

- h ‘.Multiple section dampérs to be mounted flush within aIWaEE or housiﬁg opening shal‘l._ -
©recelve either vertical channel supports as descried above or sheet metal standout

collars. Sheet metal collars (12” minimum) shaill bring each damper section out of the -
. wall to allow direct shaft mounting of the actuator on the side of the collar. .

ENCLOSURES
All controllers, power supplies and relays shall be mounted in enclosures.

Enclosures may be NEMA 1 when located in a ciean, dry, indoor environment, Indoor

" enclosures shall be NEMA 12 when installed in other than a clean en_vi_ron_ment'.

Enclosures shall have hinged, locking doors.

Provide laminated plastic nameplates for all enclosures in any mechanical room or electrical
room. Include location and unit served on nameplate. Laminated plastic shall be 1/8" thick
sized appropriately to make label easy to read.

EXECUTION
EXAMINATION

Prior to starting work, carefully inspéct installed work of other trades and verify that such work
is complete to the point where work of this Section may properly commence.

Notify the owners' representative in writing of conditions detrimental to the propef and fimely
completion of the work. ' -

Do not begin work until all unsatisfactory conditions are resolved.
INSTALLATION (GENERAL)
install in accordance with manufacturer's instructions. -

Provide all miscellaneous devices, hardware, software, interconnections installation and
programming required to ensure a complete operating system in accordance with the
sequences of operation and point schedules.

LOCATION AND INSTALLATION OF COMPONENTS

Locate and install components for easy accessibility; in general, mount 48 inches above floor
with minimum 3'-0" clear access space in front of units. Obtain approval on locations from
owner's representative prior to installation.

All instruments, switches, transmitters, efc., shall be suitably wired and mounted to protect
them from vibration, motsture and high or low temperatures,

Identify ail equipment and panels. Provide permanently mounted tags for all panels.

Provide stainless steel or brass thermo wells suitable for respective application and for
installation under other sections—sized to suit pipe diameter without restricting flow.
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3.04

. 3.05

3.06

3.07

INTERLOCKING AND CONTROL WIRING

Existing control wiring will be reused to the greatest extent practicable. All new wiring shall be
instailed neatly and professionally, in accordance with Specsfscatlon Division 16 and all

" national, state and local elecirical codes.

Provide wiring as required by functions as specified and as recommended by equipment
manufacturers, to serve specified controt functions. Prov&de shieided Eow capac&’sance wire
for all communications trunks. -

Control wiring shail not be installed in power ¢ circuit raceways. Magnetic starters and

- disconnect switches shall not be used as junction boxes. Provide auxiliary junction boxes as.
‘required. Coordinate location and arrangement of all control equipment with the owners
: representatwe prior to rough-in.

: F’rovnde auxxlxary pilot duty relays on motor starters as requ;red for control funcﬂon

._'Provsde power for all controi components from nearest electrical control panel or as mdlcated '
on the electrical drawings—coordinate with electrical contractor. -

All control wiring in the mechanical, electrical, telephone and bo:ler rooms to be mstaiied in
raceways. All other wiring to be instalied neatly and inconspicuously per local code
requirements. If local code allows, controf wiring above accesst ible ceiling spaces may be
run with plenum rated cable (without conduit).

DDC OBJECT TYPE SUMMARY

. Provide all database generation.

Displays

1. System displays shall show all analiog and binary object types within the sys'iem They
“shall be logically laid out for easy use by the owner. Provide outside air temperature
indication on ail system displays associated with economizer cycles.

Run Time Totalization

1. At a minimurm, run time totalization shall be incorporated for each monitored supply fan,
return fan, exhaust fan, hot water and chilied water pumps. Warning llmuts for each point
shall be entered for alarm and or mamtenance purposes

Trendiog

1, Al btnary and analog object types (including zones) shall have the capabtizty to be
automatically trended.

- Alarm

1.- All analog inputs (High/l.ow Limits) and seEected binary input alarm points shal! be
prioritized and routed (locally or remotely) with alarm message per. owner's reqwrements

Database Save

1. Provide back-up database for all stand-alone application controllers on disk.
FIELD SERVICES

Prepare and start fogic control system under provisions of this section.

Start-up and commission systems. Allow sufficient time for start-up and commissioning prior
to placing control systems in permanent operation.

Provide Owner's Representative with spare parts list. Identify equipment criticai to
maintaining the integrity of the operating system.

AS BUILT DOCUMENTATION REQUIRED

Attachment 3 to Solicitation



CONTROL SYSTEM SPECIFICATION

A, Provide “as-built’ copy of control drawings, graphic software, and programs, along with actual
- customized per-point check out sheets including technicians signature and checkout date.

3.08 TRAINING
‘ A. Provide application engineer to instruct owner in operation of systems and equipment.

B. Provide system operator's training to include (but not limited to) such items as the following:
modification of data displays, alarm and status descriptors, requesting data, execution of
commands and request of logs. Provide this training to a minimum of & persons.

C. Provide on-site 'training above as req'uired, up to 16 hours as part of this contract.

B,  Provide tﬁition for 4 individuals for a one-week factory training class. If applicable, cdsis for
- fravel, lodging and meals will be the responsibility of the Owner. ' o

-"3,'09 _DEMONSTRATiONICOMMESS!ONENG

A See commissioning requirements elsewhere in the project documenis,

PART4 . SEQUENCE OF OPERATIONS.
401 GENERAL

A. Provide a compiete and operational temperature control and building automation system
based on the following points and sequence of operation. The system shall be complete as
" o sequences and standard control-practices. The determined point list is the minimum
amount of points that are to be provided. If additionai points are required to meet the
sequence of operation, they will be provided.

B. See points list and sequence of operations elsewhere in the project package. -
C. BACnet Object List
1. The following points as defined for each piece of equipment are designated as foliows:
a. Binary Out (BO) - Defined as any two-state output (start/stop) (enable/disable), etc.
b. Binary In (Bl} - Defined as any two-state inp_ut'{a!arm, status), efc, ' '
o Analog In (Al) - Defiheef_ as any varlébIe_Enput (temperature) {position), etc. _
d Analog Out (AD) - Defined as any electrical variable output. G—QDmA, 4-20mA and

0-10VDC are the only acceptable analog outputs. The driver for anaiog outputs must

*. come from both hardware and software resident in the controllers. Transducers will
not be acceptable under any circumstance.

- D, Web Interface Spebiﬂcaﬁon
1. Overview
a. (enerail Description

i, BAS supplier shall provide web-based access to the system as part of standard
installation. User shall be able to access all displays of real-time data that are
part of the BAS via a standard Web browser. The web-page software shall not
require a per user licensing fee or annual fees. The web-page host must be able
to support on average 50 simultaneous users with the ability fo expand the
system to accommodate an unlimited number of users.

b. Browser Technology

i, Browser shall be standard version of Microsoft IE 8.0 or later and Netscape
Navigator 4.76 or later. No special vendor-supplied software shall be needed on
‘computers running browser. All displays shall be viewable and the Web-page
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c.

host shall directly access real-time data from the BAS BACnet network. Data
shall be displayed in real time and update automatically without user interaction.

~User shall be able to change data on disptays if logged in with the appropriate
user name and password.

Communications

i. Metropolitan area network (MAN) is existing and provided by Fairchild AFB.

2 _I_I)Es'play of Data

a&.

Web page graphics shown on browser shali be replicas of the BAS displays. User

shall need no additional training to understand information presented on Web pages

when compared to what is shown on BAS displays. Web page displays shall include

~animation just as BAS displays. Fans shall turn, pilot lights shall blink, coils shall -
-.change colors, and so on. o S S

Real-time data shall be shown on alt browser Web pages. This data must be directly

" gathered via the BACnet network and automatically updated on browser Web page

... displays without any user action. Data on the browser shall automatically refresh as

-“changes are detected without re-drawing the complete display.

It shall be possible for user from browser Web page to change data if the user is

logged on with the appropriate password. Clicking on a button or typing in a new

~ value shall change digitai data. Using pull-down menus or typing in a new value shall

change analog data.

" Data displays shall be navigated using pushbuttons on the displays that are simply

clicked on with the mouse to select a new display. Alternatively, the standard back
and forward buttons of the browser can be used for display navigation.

3. Web Page Generation

a.

‘Web pages shall be generated automatically from the BAS displays that reside on the

" BAS server. User shall access Web-page host via the network and shall initiate a

web page generation utility that automatically takes the BAS displays and tumns them
into Web pages. The Web pages generated are automatically installed on the Web

~ page host for access via any computer's standard browser. Any system that requires

';4. Pas
a

- use of an HTML editor for generation of Web pages shalf not be considered.

sword Security and Activity Log

 Access via Web browser shall utilize the same hierarchical security scheme as BAS

~~system. User shall be asked fo log in once the browser makes connection to Web-
" page host. Once the user logs in, any and all changes that are made shall be tracked
by the BAS system. The user shall be able to change only those items that the user

has authority to change. A user activity report shall show any and ali activity of the

_ users that have logged in to the system regardless of whether those changes were

5. Fun
a.

made using a browser or via the BAS workstation.
ctionality

Graphic Viewing, Point Commanding, Scheduling, Trend Viewing, and Alarming shall
all be viewable and commandable through WEB Interface.

END OF SECTION 230900
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DIVISION 23 — HEATING, VENTILATING, AND AIR CONDITIONING

SECTION 230900 — INSTRUMENTATION AND CONTROL FOR HVAC
ENERGY MANAGEMENT AND CONTROL SYSTEM (EMCS)

SECTION 230800 — INSTRUMENTATION AND CONTROL FOR HVAC

PART 1
1,01

A

1.02

GENERAL
WORK INCLUDED

Furnish a totally native BACnet-based system based on a distributed control system in
accordance with this specification. The operator's workstation, all building controllers,
application controllers, and all input/output devices shall communicate using the protocols
and network standards as defined by the latest version of ANSHASHRAE Standard 135,
BACHet. In other words, all workstations and controliers, including unitary controlters, shali be
native BACnet devices. No gateways shall be used for communication to controllers installed
under this section. Gateways may be used for communication to existing systems or fo
systems installed under other sections.

Provide all necessary BAChet-compliant hardware and software to meet the system's
functional specifications

Prepare individual hardware layouts, interconnection drawings, and software configuration
from project design data.

Implement the detailed design for all analog and binary objects, system databases, graphic
displays, logs, and management reports based on control descriptions, logic drawings,
configuration data, and bid documents.

Provide, and install all equipment cabinets, panels, data communication network cables
needed, and all associated hardware.

Provide and instail all interconnecting cables between supplied cabinets, application
controllers, and inputioutput devices.

Provide complete manufacturer's specifications for all items that are supplied. Include vendor
name of every item supplied.

Provide supervisory specialists and technicians at the job site 1o assist in all phases of
system installation, startup, and commissioning.

Provide a comprehensive operator and technician training program as desctibed herein.

Provide as-built documentation, operator's terminal software, diagrams, and ail other
associated project operational documentation (such as technical manuals) on approved
media, the sum total of which accurately represents the final system.

No used components shall be furnished by the contractor.
SYSTEM DESCRIPTION

Distributed logic control system complete with all software and hardware functions shall be
provided and installed. System shall be completely based on the latest version of
ANSHASHRAE Standard 135, BACnet. This system is to confrol all mechanical equipment,
including all unitary equipment such as VAV boxes, heat pumps, fan-coils, AC uniis, etc. and
all air handlers, boilers, chillers, and any other listed equipment using native BACnhet-
compliant components, Non-BACnet-compliant or proprietary equipment or systems
(including gateways) shall not be acceptable and are specifically prohibited. Points lists and
sequences of operation are provided elsewhere in the project documents,
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B. Operator's workstation software has XP Professionat $P2 as the computer operating system.

1.03

The Energy Management and Control System (EMCS) application program shaii be written to
communicate specificaily utilizing BACnet protocols. Software functions defivered on this
oroject shall include password protection, scheduling (inciuding optimum start), alarming,
logging of historical data, full graphics inciuding animation, after-hours billing program,
demand fimiting, full suite of field engineering tools inctuding graphical programming and
applications. Systems using operating systems other than that described above are strictly
prohibited. All software required to program application specific controllers and all field level
devices and controllers will be left with the owner. Al software passwords required to
program and make future changes to the system will also become the property of the owner.
Al software required to make any program changes anywhere in the system along with
scheduling, and trending applications will be left with the owner. All software passwords
required to program and make future changes to schedules, trends and related program
changes will also become the property of the owner. Al software required for all field
engineering tools including graphical programming and applications will be ieft with the
owner. All software passwords required to program and make future changes to field
engineering tools including graphical programming and applications wiii be left with the
owner.

Building conirollers shall include complete energy management software, inctuding
scheduling building controi strategies with optimum start and logging routines. All energy
management software and firmware shall be resident in field hardware and shall not be
dependent on the operator’s terminal. Operator's terminai software is to be used for access to
field-based energy management functions only. Provide zone-by-zone direct digital logic
control of space temperaturs, scheduling, runtime accumulation, equipment alarm reporting,
and override timers for after-hours usage. All application controllers for every terminal unit
(VAV, HP, UV, etc.) air handier, all central plant equipment, and any other piece of controlled
equipment shall be fully programmable. Application controilers shall be mounted next to
controlled equipment and communicate with buiiding controlier via BACnet LAN.

Room sensors with digital readouts preferred in occupied areas. Room sensors shali be
provided with digital readouts that allow the user to view room temperaiure, view outside air
temperature, adjust the room setpoint within preset limits and set desired override time. Initial
set point shall be pre-determined by FAFB. Provide enable/disable check box on screen with
field adjustment initially disabled. Include all necessary wiring and firmware such that room
sensor includes field service mode. Field service mode shall allow technician to balance VAV
zones and access any parameter in zone controller without additional laptop or handheld
computer.

QUALITY ASSURANCE

The bidder shall be regularly engaged in the installation and maintenance of BAS systems
and shall have demonstrated technical expertise and experience in the design, installation
and maintenance of BAS systems similar in size and complexity to this project. Bidders shall
provide a list of at least 3 projects, similar in size and scope to this project completed within
the past 3 years.

The BAS system shall be designed and installed, commissioned and serviced by factory
trained personnel. Manufacturer shall have an in-place support facility within 2 hours
response time of the site with technical staff, spare parts inventory and necessary test and
diagnostic equipment. The control contractor shall provide an experienced project manager
for this work, responsible for direct supervision of the design, installation, start up and
commissioning of the BAS system. All control drawings, submittal package, graphics, and
programming shall be accompiished by local technicians and project managers, so that all
changes will be accurately reflected, and that any modifications may be made expeditiously
in the field.
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1.04

1.05

Materials and equipment shall be the catalogued products of manufacturers regularty
engaged in production and installation of automatic temperature control systems and shall be
manufacturers latest standard design that complies with the specification requirements.

All BAS peer-to-peer network controllers, central system controllers and local user displays
shall be UL Listed under Standard UL 916, category PAZX. Al electronic equipment shall
conform to the requirements of FCC Regulation, Part 15, Governing Radio Frequency
Electromagnetic interference and be so labeied.

Control system shall be engineered, programmed and supported completely by the
representative’s local office that must be within 100 miles of project site.

REFERENCE STANDARDS

The latest edition of the following standards and codes in effect and amended as of supplier's
proposal date, and any applicable subsections thereof, shall govern design and selection of
equipment and material supptied:

1. American Society of Heating, Refrigerating and Air Conditioning Engineers {(ASHRAE).
ANSVASHRAE Standard 135-2001, BACnet.
Uniform Building Code (UBC), including iocal amendments.

A owoD

UL 916 Underwriters Laboratories Standard for Energy Management Equipment. Canada
and the US.

National Electricat Code (NEC).
FCC Part 15, Subpart J, Class A
EMC Directive 89/336/EEC (European CE Mark)

UL-864 UUKL listing for Smoke Controis for any equipment used in smoke control
sequences

S R

City, county, state, and federal regulations and codes in effect as of coniract date.

Except as otherwise indicated the system supplier shall secure and pay for all permits,
inspections, and certifications required for his work and arrange for necessary approvais by
the governing authorities. :

SUBMITTALS

A. System Documentation

1. Include the following in submittal package:

a  Manufacturer's instructions and drawings for installation, maintenance, and operation
of all purchased items.

b. Overall system operation and maintenance instructions—including preventive
maintenance and troublesheoting instructions.

¢. For all system elements—operator’s workstation(s), building controller(s), appiication
controllers, routers, and repeaters,—provide BACnet Protocol Implementation
Conformance Statements (PICS) as per ANSYASHRAE Standard 135-2001.

d. Provide complete description and documentation of any proprietary {non-BACnet)
services and/or objects used in the system.

e Alist of afl functions available and a sample of functiocn biock programming that shall
be part of delivered system.

B. Project Management
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1.06

PART 2
2.01

The vendor shall provide a detailed project design and installation schedule with time
markings and details for hardware items and software development phases, Schedule
shall show ali the target dates for transmission of project information and documents and
shail indicate timing and dates for system installation, debugging, and commissioning.

C. BACnet Device Object Naming Conventions

1.

The BAS manufacturer's representative shalf submit a BACnet Device Object Naming
Convention Plan {DONCP) to the owner during the submittal process. The plan must be
approved by the owner prior to implementation. it is the respongsibifity of the BAS
contractor to coordinate the DONCP with the owner.

The DONCP shall be designed to eliminate any confusion between individual points ina .
facility/campus wide EMCS system. It will also be designed to aliow for future expansion
and consistency. Each device on a BACnet internetwork (including other manufacturer's
devices) must have a unigue device instance. This is a major consideration when adding
to an existing system or interconnecting networks. Thorough and accessibie site
documentation is critical.

A consistent object {point) naming convention shall be used to facilitate familiarity and
operational ease across an eventual farge campus or inventory of facilities. The following
section is designed as recommendations only. 1t is the responsibility of the BAS
contractor to coordinate the DONCP with the owner.

BACnet requires that all devices have a Device object name that is unique throughout the
entire internetwork. To comply with this requirement all BACnet devices shall be
configured with a Device Object Name that is based on the naming conventions
described in this section. This includes all physical devices as well as any logical BAChet
devices that are represented by gateways. The vendor shall coordinate with the owner’s
staff to ensure that the correct names are used. Device Object Name properties shall
support strings of at least 50 characters in length.

WARRANTY

Warranty shall cover all costs for parts, fabor, associated travel, and expenses for a period of

one year from completion of system acceptance.

B. Hardware and software personnel supporiing this warranty agreement shall provide on-site or
off-site service in a timely manner after failure notification to the vendor. The maximum
acceptable response time to provide this service at the site shall be 24 hours Monday through
Friday, 48 hours on Saturday and Sunday.

C. This warranty shall apply equally to both hardware and software.
PRODUCTS
OPERATOR'S WORKSTATION

General structure of workstation interaction shall be a standard client/server relationship.

Server shall be used to archive data and store system database. Clients shail access server
for all archived data. Each client shall include flexibility to access graphics from server or
local drive. Server shall support a minimum of 50 clients simultaneously. (Server and
operator's workstation is existing for both the Alerton and Niagara systems.)

B. BACnet Conformance

1.

Operator's workstation shall as a minimum support Point-to-Point (PTP) and Ethernet
BACnet LAN types. It shall communicate directly via these BACnet LANs as a native
BACnet device. Operator’s terminal shail comply with the requirements of a BACnet
conformance class 3 device and support all BACnet services necessary to provide the
following BACnet functional groups:

a. Cilock Functional Group
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b. Event Response Functional Group
¢. Time Master Functional Group

d. Device Communications

2 Please refer fo section 22.2, BACnet Functional Groups, in the BACnet standard for a

complete list of the services that must be directly supported to provide each of the
functional groups listed above. All proprietary services, if used in the system, shall be
thoroughly documented and provided as part of the submittal data. All necessary tools
shall be supplied for working with proprietary information.

Standard BACnet object types accessed by the workstation shalt include as a minimum
Analog Value, Analog input, Analog Output, Binary Value, Binary input, Binary Output,
Cajendar, Device, Event Enroliment, File, Notification Class, Program and Schedule -

© object types. All proprietary object types, if used in the system, shalt be thoroughly -

documented and provided as part of the submittal data. All necessary tools shall be
supplied for working with proprietary information.

The Operator workstation shall communicate with all building global controllers using
non-IP BAChet over Ethernet on a Virtuai Local Area Network (VLAN) that resides on the
Fairchild Network. Must support interoperabifity on wide area networks (WANs),
metropolitan area networks (MANSs), and campus area networks {CANs).

C. Displays

1.

Operator's workstation shall display all data associated with project as called out on
drawings and/or object type list supplied. Graphic files shall be created using digital, full
color photographs of system installation, AutoCAD or Visio drawing files of field
installation drawings and wiring diagrams from as-built drawings. Operator's workstation
shall dispiay all data using three-dimensional graphic representations of all mechanical
equipment. System shall be capable of displaying graphic file, text, and dynamic object
data together on each display and shall inctude animation. information shall be labeled
with descriptors and shali be shown with the appropriate engineeting units. Al
information on any disptay shall be dynamically updated without any action by the user. .
Workstation shall allow user o change ali field-resident EMCS functions associated with
the project, such as setpoints, weekly schedules, exception schedules, etc. from any
screen no matter if that screen shows all text or a complete graphic display. This shalf be
done without-any reference to object addresses or other numeric/mnemonic indications.

All displays and programming shalt be generated and customized by the local EMCS
supplier and installer. Systems requiring factory development of graphics or programming
of DDC logic are specifically prohibited. ‘ '

Binary objects shall be displayed as customized text. Physical field controiler and graphic
binary operators shall display HAND, OFF and AUTO. Graphic binary outputs shall
display STOP or START. Graphic binary inputs shall display OFF or ON. Text shall be
justified feft, right or center as selected by the user. Also, allow binary objects to be
displayed as individual change-of-state graphic objects on the dispiay screen such that
they overlay the system graphic. Each binary object displayed in this manner shall be
assigned up to three graphic files for display when the point is ON, OFF orin alarm. For
binary outputs, toggle the object's commanded status when the graphic item is selected
with the system mouse. Similarly, allow the workstation operator to toggle the binary
object's status by selecting with the mouse a graphic of a switch or light, for example,
which then displays a different graphic {such as an "ON" switch or lighted {amp}.
Additionally, aliow binary objects to be displayed as an animated graphic. Animated
graphic objects shali be displayed as a sequence of multiple graphics to simulate motion.
For example: when a pump is in the OFF condition, display a stationary graphic of the
pump. When the operator selects the pump graphic with the mouse, the represented
object's status is toggled and the graphic of the pump’s impeller rotates in a time-based
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7.

animation. The operator shali be able to click on an animated graphical object or switch it
from the OFF position to ON, or ON to OFF. Allow operator to change graphic file
assignment and also create new and original graphics opline. System shall be supplied
with a library of standard graphics, which may be used unaltered or modified by the
operator. Systems that do not affow customization or creation of new graphic objects by
the operator (or with third-party software) shall not be allowed.

| Analog objects shall be dispiayed with operator modifiable units. Analog input objects

may also be displayed as individual graphic items on the display screen as an overlay to
the system graphic. Each analog input object may be assigned a minimum of five
graphic files, each with high/iow limits for automatic selection and dispiay of these
graphics. As an example, a graphic representation of a thermometer would rise and fall
in response to either the room temperature or its deviation from the controlling setpoint.

- Analog output objects, when selected with the mouse, shall be dispiayed as a prompted
dialog (text only) box. Selection for display type shall be individual for each object. Analog

object vaiues may be changed by selecting either the “‘increase” or “decrease” arrow in
the anaiog object spinner box without using the keypad. Pressing the button on the right
side of the analog object spinner box allows direct entry of an analog vaiue and accesses
various menus where the analog value may be used, such as trend logs.

Analog objects may also be assigned to an area of a system graphic, where the cotor of
the defined area changes based on the analog object’s value. For example, an area of a
floor-plan graphic served by a single control zone wouid change color with respect to the
temperature of the zone or its deviation from setpoint. All editing and area assignment
shall be created or modified online using simpie icon tools.

A customized menu label (push-button) shall be used for display selection. Menu items
on a display shall allow penetration to lower level dispiays or additional menus. Bynamic
point information and menu label push buttons may be mixed on the same display to
allow sub-displays to exist for each item. Each display may be protected from viewing
unless operator has appropriate security level. A security levei may be assigned to each
display and system object. The menu iabel shall not appear on the graphic if the operator
does not have the appropriate security level,

A mouse shall be used to move the pointer arrow to the desired item for selection of new
display or to allow the operator to make changes o object data,

D. Password Protection

1.

Provide security system that prevents unauthorized use uniess operator is logged on,
Access shall be limited to operator's assigned functions when user is logged of. This
includes displays as outlined above.

Each operator's terminal shaill provide security for 200 users minimum. Each user shall
have an individuat User ID, User Name and Password. Entries are alphanumeric
characters only and are case sensitive {except for User 1D). User 1D shall be -8
characters, User Name shail be 029 characters, and Password shall be 4-8 characters
long. Each system user shall be aliowed individual assignment of only those control
functions and menu items o which that user requires access. All passwords, user names,
and access assignments shall be adjustable online at the operator’s terminal. Each user
shall also have a set security level, which defines access to displays and individual
objects the user may control. System shall include 10 separate and distinct security
levels for assignment fo users.

System shall include an Auto Logout Feature that shall automatically jogout user when
there has been no keyboard or mouse activity for a set period of time. Time period shall
be adjustable by system administrator. Auto Logout may be enabled and disabled by
system administrator, Operator terminal shall display message on screen that useris
logged out after Auto L.ogout occurs.
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E. Operator Activity Log

1.

Operator Activity Log shall be included with system that tracks all operator changes and
activities. System shall track what is changed in the system, who performed this change,
date and time of system activity and value of the change before and after operator
activity. Operator shall be able to display all activity, sort the changes by user and also
by operation. '

Log shall be gathered and archived to hard drive on operator workstation as needed.
Operator shall be able to export data for display and sorting in a spreadsheet.

Any displayed data, that is changeable by the operator, may be selected using the right
mouse button and the operator activity iog shall then be selectable on the screen.
Selection of the operator activity log using this method shall show all operator changes of

- just that displayed data.

F.- Scheduling

1.

Operator's workstation shall show all information in gasy-to-read daily format including
calendar of this month and next. All schedules shall show actual ON/OFF times for day
based on scheduling priority. Priority for scheduling shalt be events, holidays and daily
with events being the highest.

Holiday and special event schedules shall display data in calendar format. Operator shall
be able to scheduie holidays and special events directly from these caiendars.

Operator shail be able to change all information for a given weekly or exception schedule
if logged on with the appropriate security access.

System shall include a Schedule Wizard for set up of scheduies. Wizard shal walk user
through all steps necessary for schedule generation, Wizard shall have its own pull-down
selection for startup or may be started by right clicking on value dispiayed on graphic and
then selecting Schedule.

Scheduling shall include optimum start based on outside air temperature, current
heating/cooling setpoints, indoor temperature and history of previous stars. Each and
every individual zone shall have optimum start time independently calculated based on all
parameters listed. User shall input schedules to set time that occupied setpoint is to be
attained. Optimum start feature shall calculate the startup time needed to match zone
temperature to setpoint. User shali be able to set a limit for the maximum startup time
allowed.

G. Alarm Indication and Handiing

1.

Operator's workstation shall provide audible, visual, and prinfed means of alarm
indication. The alarm dialog box shall always become the top dialog box regardless of the
application(s), currently running. Printout of alarms shall be sent o the assigned terminat
and port. :

System shall provide log of alarm messages. Alarm iog shall be archived to the hard disk
of the system operator’s terminal. Each entry shall include a description of the event-
initiating object generating the alarm. Description shall be an alarm message of at least
256 characters in length. Entry shall include time and date of alarm occurrence, time
and date of object state return to normal, time and date of alarm acknowledgment and
identification of operator acknowledging alarm .

Alarm messages shall be in user-definable text (English or other specified language) and
shall be entered either at the operator's terminal or via remote communication,

System shall include an Alarm Wizard for set up of alarms. Wizard shall waik user
through ali steps necessary for aiarm generation. Wizard shail have its own pull-down
selection for startup or may be started by right clicking on value displayed on graphic and
then selecting alarm setup.
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5.

System shall include the provision to e-mail and dial out alarms o pagers, cell phones, or
workstations, as desired.

Dia! out alarms shall be handied by a global controller with a dial-out modem connected
to it. All dial-out alarms shall be routed directly to the dial-out global confroiler over the
Fairchild Network. Alarms shall operate independent of System Server functions.

H. Trend log Information

1.

System server shall periodically gather historically recorded data stored in the building
controilers and archive the information Archived files shall be appended with new sample
data, allowing samples to be accumutated. Systems that write over archived data shall
not be allowed, unless limited file size is specified. Samples may be viewed at the

" operator's workstation. Operator shall be abie to scroll through all trended data, All trend
Jog information shall be displayed in standard engineering unis.

Software shall be included that is capable of graphing the trend iogged object data.
Software shall be capabie of creating two-axis (x.y) graphs that display up to ten object
fypes at the same time in different colors. Graphs shail show object values relative to
time.

Operator shall be able to change trend log setup information. This includes the
information to be logged as well as the intervat at which it is fo be logged. All input,
output, and value object types in the system may be logged. All operations shall be

- password protected. Setup and viewing may be accessed directly from any and all

graphics on which object is displayed. :

System shall include a trend Wizard for setup of logs. Wizard shall walk user through all
necessary steps. Wizard shall have its own puli-down selection for startup, or may be
started by right clicking on value displayed on graphic, and then selecting Trend logs
from the displayed menu.

Trend logs shall record based upon time interval or change of value, as desired.

The server shall have a function to archive trend logs on a monthly basis. These monthly
archives shall be written to a specific location on the Server hard drive where they can be
transferred to other media locations as needed.

|-~ Energy Log information

1.

System server shall be capable of periodicaily gathering energy log data stored in the
field equipment and archive the information. Archive files shall be appended with new
data, allowing data to be accumulated. Systems that write over archived data shall not be
atiowed unless limited file size is specified. Display all energy log information in standard
engineering units. E

All data shail be stored in data base file format for direct use by third-party programs.
Operation of system shall stay completely online during ali graphing operations,

Operator shaii be able to change the energy log setup information as well. This includes
the meters to be logged, meter pulse value, and the type of energy units to be logged. All
meters monitored by the system may be logged. System shall support using flow and
temperature sensors for BTU monitoring.

System shall display archived data in tabular format form for both censumption and peak
values. Data shall be shown in hourly, daily, weekly, monthly and yearly formats. In each
format the user shall be abie to select a specific period of data to view.

The server shall have a function to archive energy logs on a monthly basis. These
monthly archives shali be written to a specific location on the Server hard drive where
they can be transferred to other media locations as needed.
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J. Configuration/Setup

1.

Provide means for operator to display and change system configuration. This shali
inciude, but not be Timited to, system time, day of the week, date of daylight savings set
forward/set back, printer termination, port addresses, modem port and speed, eic. ltems
shall be modified using understandable terminology with simple mouse/cursor key
movements.

K. Field Engineering Tools

1.

Operator's workstation software shall include field-engineering tools for programming all
controllers supplied. All controllers shall be programmed using graphical tools that allow
the user to connect function blocks on screen that provide sequencing of all control logic.

" Function blocks shall be represented by graphical displays that are easily identified and
~distinct from other types of blocks. Graphical programming that uses simple rectangles

and sguares is not acceptable. - :

User shail be able to pick graphical function biock from menu and place on screen.
Provide zoom in and zoom out capabilities. Function blocks shall be downloaded to
controlter without any reentry of data.

Programming tools shall include a real time operation mode. Function blocks shall display
real ime data and be animated to show status of data inputs and outputs when in real
time operation. Animation shall show change of status on logic devices and cou nidown of
timer devices in graphical format.

Field engineering tools shall also include a database manager of applications that include
logic files for controilers and associated graphics. Operalor shall be able o select unit
type, input/output configuration and other items that define unit to be controlied. Supply
minimum of 250 applications as part of workstation software.

Field engineering tooi shall include Device Manager for automatic detection of devices
connected anywhere on the BACnet network by scanning of the entire network. This
function shall dispiay device instance, network identification, model number and
description of connected devices. It shall record and display software file loaded into
each controlier. A copy of each file shall be stored on the computers hard drive. If
needed, this file shall be downloaded to the appropriate controller by selection using the
mouse.

System shall include backup/restore function that will back up entire s.ystem 1o selected
medium and then restore system from that media.

L. Workstation Hardware

1.
2.

Provide a field service laptop corhputer.

Lapiop Coi‘nputer Minimum Requirements

Intel or AMD Dual Core Processor, 2,0 Ghz or better
1024 MB RAM or better

60GB hard disk or better

14.1” widescreen display or better
High-performance graphics adapter
Ethernet 10/100 network interface with port
CD-RW/DVD Combo Drive

802.11 blg Wireless LAN

i, Windows XP Professional SP2

- 0 o 0 T ®

T @
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j. 2 USB Ports Minimum
k. Battery and power cord
I Carrying case

M. Software

2.02

1. At the conclusion of project, contractor shall ieave with owner a CD ROM that inciudes
the complete software operation system and project graphics, setpoints, system
parameters, etc. This backup shali alfow the owner to completely restore the system in
the case of a computer malfunction.

BUILDING CONTROLLER

-General Requirements

* 1. Building Controller shall be of modular construction such that various modules may b

- selected to fit the specific requirements of a given project. Modules shall consist of a
_power supply module and a BACnet Ethernet-MS/TP module, at a minimum. Those :
projects that require special interfaces may use Modbus modules as needed. However,

all Ethernet communications and all controllers including central plant controllers,
advanced application controllers and unitary controllers supplied by BMS manufacturer
shall utilize the BACnet protocol standard.

2. Modules shall be selected to fit the particular project application. Up to 7 modules shall
* be powered by a single power supply module. All modules shali be panel mounted on
DIN rail for ease of addition and shall be interconnected via simple plug in cable: A

module in the middle shall be replaceable without removing any other modules.

3. All modules shall be capable of providing globai control strategies for the system based
on information from any objects in the system regardiess if the object is directly
monitored by the building controller module or by another controller. The software
program implementing these strategies shall be completely flexible and user definable.
All software tools necessary for programming shall be provided as part of project
software. Any systems utifizing factory pre-programmed global strategies that cannot be
modified by field personnel on-site, via a wide area network or downloaded via remote
communications are not acceptable. Changing global strategies via firmware changes is
also unacceptable.

4. 'Programming shall be object-oriented using control function blocks which are themseives
labeled standard graphic logic symbols (not simple boxes with inputs and outputs and
with adjacent logic symbols), supporting DDC functions, 1000 Analog Values and 1000
Binary Values. All flowchart inputs and outputs shalt be labeled with HVAC functions {for
example “Room 103 temperature”) and hardware points (for example "Al-03). All
flowcharts shall be generated and automatically downioaded to controller. Programming
tool-shall be supplied and be resident on workstation. The same tool shall be used for all
controllers. '

5. Help files for individua! programming objects shall be accessible directly from the object
itself.

6. Provide means to graphically view inputs and outputs to each program block in real-time
as program is executing. This function may be performed via the operator's workstation
or field computer. '

7. Controller shall have a memory needed to ensure high performance and data reliability.
Battery shall provide power for orderly shutdown of controller and storage of data in
nonvolatile flash memory. Battery back up shall'maintain real-time clock functions for a
minimum of 20 days.

8. Global controf algorithms and automated control functions shalf execute via 32-bit
processor.
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9. Al system functions (Graphics, DDC programming, Trend Logs, etc.) shall be accessible
from the system server using a single integrated program.

10. Schedules

a.

Each building controller modute shalf support @ minimum of 80 BACnet Schedule
Objects and 80 BACnet Calendar Objects.

Building controlter modules shall provide normal 7 day scheduirng, holiday
scheduling and event scheduling. : : '

11. Logging Capabilities

a.

O~

Each building controller shall log as minimum 320 values. Any object in the system

~ (real or calculated) may be logged. SampEe tsme mtervat shall be adjustable atthe
* operator’s workstation. . .

Logs may be viewed both on-site or off—srte via WAN or remote communication.

Building controlier shall perlodrcally upload trended data to networked operator 5
workstation for ong term archiving if desired. : .

Archived data stored in database format shall be avaitable for use in third-party
spreadsheet or database programs.

12. Alarm Generation

a.

Alarms may be generated within the system for any object change of value or state
either real or calculated. This includes things such as analog object vaiue changes,
binary object state changes, and various confroiler communication failures.

Each alarm may be dialed out as noted elsewhere.

Alarm log shall be provided for alarm viewing. Log may be viewed on-site at the
operator’s terminal or off-site via remote communications.

Controlter must be able to handle up to 320 alarm setups stored as BACnet event
enroliment objects — system destination and actions individually con?igurable. _

B. Ethernet —MS/TP Moduie

1. Ethernet — MS/TP Module shall support every function as listed under paragraph A,
" General Requirements, of this section and the following. .

2. All communication with operator workstation and all application controllers shall be via
BACnet. Building controller Ethernet ~ MS/TP module shall incorporate as a minimum,
the functions of a 2-way BACnet router. Controlier shall route BACnet messages between
the high-speed LAN (Ethernet 10/100MHz) and master slave token passing (MS/TP)
LAN. Ethernet — MS/TP module shaill also route messages from ail other Building

Controfler moduies onto the BACnet Ethernet network.

a.
b.

MS/TP LAN must be software configurable from 9.6 to 76.8Kbps.

The RJ-45 Ethernet connection must accept either 10Base-T or 100Base-TX BACnet
over twisted pair cabie (UTP).

3. BACnet Conformance

a.

Ethernet — MS/TP module shail as a minimum support MS/TP and Ethernet BACnet
LAN types. It shall communicate directly via these BACnet LANs as a native BACnet
device and shall support simultaneous routing functions between ali supported LAN
types. Global controller shall support all BACnet services necessary to provide the
following BACnet functionat groups:

i. Ciock Functionaf Group
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ii. Files Functionat Group

iil. Reinitialize Functional Group

iv. Device Communications Functional Group
v. Event Initiation Functional Group '

Please refer to section 22.2, BACnet Functional Groups, in the B_ACh@t standard for a
complete list of the services that must be-directly supported to provide each of the
functional groups listed above. All proprietary services, if used in the system, shall be

- thoroughly documented and provided as part of the submittal data. All necessary

tools shall be supplied for working with proprietary information. : :

: Standard BACnet object types supported shall include as a minimum: Analog Value,

Binary Value, Calendar, Device, File, Group, Notification Class, Program and
Schedule object types. All proprietary object types, if used in the system, shall be
thoroughly documented and provided as part of the submittal data. All necessary
tools shall be supplied for working with proprietary information, o

The Building Controller shali comply with Annex J of the BACnet specification for IP
connections. Must support interoperability on wide area networks {(WANS),
metropolitan area networks (MANs), and campus area networks (CANs) and function
as a BACnet Broadcast Management Device (BBMD).

C. MS/TP Module

1. MS/TP Module shall support every function as listed under paragraph A, General
Requirements, of this section and the following.

2. Building Controller MS/TP module communications shalf be via BACnet master slave
token passing (MS/TP) LAN to ali advanced application and application specific
controllers. MS/TP module shall also route messages to Ethernet-MS/TP module for
communication over WAN.

a.
b.

MS/TP LAN must be software configurable from 9.6 to 76.8Kbps
Configuration shall be via R8-232 connection.

3. BACnet Conformance

a.

MS/TP module shalt as a minimum support MS/TP BACnet LAN type. It shéll e

communicate directly via this BACnet LAN as a native BACnet device and shall
support simultaneous routing functions between all supported LAN types. Controlier
shall be a BACnet conformance class 3 device and support alt BACnet services
necessary to provide the following BACnet functional groups: '

i, Clock Functional Group

ii. Files Functional Group

i, Reinitialize Functional Group

iv. Device Communications Functionat Group
v. Event Initiation Functional Group

Please refer to section 22.2, BACnet Functionai Groups, in the BACnet standard for a
complete fist of the services that must be directly supported to provide each of the
functional groups listed above. All proprietary services, if used in the system, shall be
thoroughly documented and provided as part of the submittal data. All necessary
tools shail be supplied for working with proprietary information.

Standard BACnet object types supported shall include as a minimum: Analog Value,
Binary Value, Calendar, Device, File, Group, Nofification Class, Program and
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Schedule object types. All proprietary object types, if used in the system, shall be
thoroughly documented and provided as part of the submittal data. All necessary
tools shall be supplied for working with proprietary information.

D. Power Supply Module

1.

Power supply module shall power up to 7 Building Controller Modules. input for power
shall accept between 17 and 30 VAC, 47 to 65 Hz.

Power supply module shall include rechargeable battery for orderly shutdown of
controller modules including storage of all data in flash memory and for continuous

~ operation of real time clocks for minimum of 20 days.

o E. Modbus Module

AR

Modbus Module shall support every function as listed under paragraph A, General
Requirements, of this section and the following. ' :

“Building Controller Modbus module t:ommunicatio_ﬂs shali be via one of three types of
* - ports: EiA-485, EIA-422 or RS~232 connection. Modbus module shall convert Modbus

data into BACnet objects. Modbus module shall also route messages to Ethernet-MS/TP
module for BACnet Ethernet communication over WAN.

a. Modbus Module shall support ASCI or RTU Modbus communication at 9600 or 4800
baud.

b, ElIA-422 and EIA-232 connection shall support one connection of Modbus unit.
c. EIA-485 connection shall support connection of up to 247 Modbus unils.
d. Configuration shall be via RS-232 connection.

3. BACnet Translation

a. All Modbus data shall be transiated into BACnet objects by the Modbus module. Al
configuration tools shall be supplied to assure data is transiated as necessary fo the
correct format and value.

b. Standard BACnet object types supported shall include as a minimum: Analog Value,
Binary Vatue, Calendar, Device, File, Group, Notification Class, Program and
~ Schedule object types. All proprietary object types, if used in the system, shail be
thoroughty documented and provided as part of the submittal data. All necessary
tools shall be supplied for working with proprietary information.

2.03  CENTRAL PLANT AND AIR HANDLER APPLICATION CONTROLLERS

A, Provide one or more native BACnet application controllers for each air handier and provide

native BACnet application controllers as needed for central plant control that adeguately
- cover all objects fisted in object list. All controllers shall interface to building coniroller via

MS/TP LAN using BACnet protocol. No gateways shail be used. Controfiers shall include
input, output and self-contained logic program as needed for complete confrol of units.
Controilers shall be fully programmable using graphical programming blocks. Programming
tool shall be resident on operator workstation and be the same tool as used for the building
controller, No auxiliary or non-BACnet controilers shall be used.

B. BACnhet Conformance

1.

Application controllers shalt as a minimum support MS/TP BACnet LAN types. They shai
communicate directly via this BACnet LAN at 9.6, 19.2, 38.4 and 76.8 Kbps, as native
BACnet devices. Application controllers shall be of BACnet conformance class 3 and
support all BACnet services necessary to provide the following BACnet functionat groups:

a. Files Functional Group

b. Reinitialize Functional Group
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¢. Device Communications Functional Group

2 Please refer to section 22.2, BACnet Functional Groups, in the BACnet standard, for a
complete list of the services that must be directly supported to provide each of the
functionai groups listed above. All proprietary services, if used in the system, shatt be
thoroughly documented and provided as part of the submittal data. Al necessary tools
shall be supplied for working with proprietary information.

3. Standard BACnet object types supported shall include as a minimum—Analog Input,

Analog Output, Analog Value, Binary Input, Binary Output, Binary Valug, Device, File,

~ and Program object types. All proprietary object types, if used in the system, shalt be
thoroughly documented and provided as part of the submittal data. All necessary tools
shall be supplied for working with proprietary information.

S C. 'Ap'plicatio.n controllers shall include universal inputs with 10-bit resolution that accept 3K and

2.04"

10K thermistors, 0—10VDC, 0-5 VDC, 4-20 mA and dry contact signals. Any inputon a
controller may be either analog or digital with & minimum of 3 inputs that accept pulses.

“Controller shall also include support and modifiable programming for interface fo intelligent

room sensor with digital display. Controfler shall include binary and analog outputs on board.
Analog outputs shall be switch selectable as either 0-10VDC or (~20mA. Software shali
include scaling features for analog outputs. Application controlier shall include 24VDC voltage
supply for use as power supply to external sensors.

All program sequences shall be stored on board application confroller in EEPROM. No
batteries shall be needed to retain logic program. All program sequences shall be executed
by controler 10 times per second and capable of multiple PID loops for control of muiltiple
devices. All calculations shall be completed using floating-point math and system shall
support disptay of all information in floating-point nomenclature at operator's terminal.
Programming of application controller shall be completely modifiable in the field over instailed
BACnet LANs or remotely via modem interface. Operator shall program logic sequences by
graphically moving function blocks on screen and tying biocks together on screen. Application
controlier shall be programmed using programming tools as described in operator's terminal

- section.

Application controlier shall include support for intelligent room sensor (see section 2.9.B.)
Dispiay on intelligent room sensor shall be programmable at application controlier and
include an operating mode and a field service mode, All button functions and display data

" shall be programmable to show specific controlier data in each mode based on which buiton

is pressed on the sensor. See sequence of operation for specific display requirements at
intelligent room sensor.

EXPANDABLE CENTRAL PLANT APPLICATION CONTROLLERS

A. General

1. Expandable application controfier shall be capable of providing control strategies for the
system based on information from any or alt connected inputs. The program that
implements these strategies shall be completely flexible and user definable. Any systems
utifizing factory pre-programimed global strategies that cannot be modified by field
personnel on-site via simple download are not acceptable. Changing global strategies via
firmware changes is also unacceptable. Program execution of controller shall be a
minimum of once per second.

2. Programming shall be object-oriented using control program blocks. Controlter shall
support a minimum of 500 Analog Values and 500 Binary Values. Each and every analog
and binary value shall support standard BACnet priority arrays. Programming tool shall
be provided with system and shall be the same tool that is used to program the Building
Controller. All flowcharts shall be generated and automatically downloaded to controller.
No re-entry of database information shall be necessary.
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Provide means to graphically view inputs and outputs to each program block in real-time
as program is executing. This function may be performed via the operator's terminal or
field computer,

Controfler shall have adequate data storage to ensure high performance and data
reliability. Battery shall retain static RAM memory and real-time clock functions for a
minimum of 1.5 years (cumulative). Battery shall be a field-replaceable (non-

* rechargeable) lithium type. Unused battery life shall be 10 years.

The onboard, battery-backed rea! time clock must support schedule operatlons and trend
logs.

G%obat control algorithms and automated control functions should execute via 32~btt

processor.
‘Controller shall include both on- board EOBASEJ!‘IOOBASE TX Ethemet BAQnet

" communication over twisted pair cable (UTP) and shall include BACnet IP

10.

communication. In addition, controlier shall include BACnet PTP connectton port,
Controner shall atso operate as a device on an MS/TP trunk.

The base unit of the controller shall host up to 8 expansion modules with various /O
combinations. These inputs and outputs shall include universal 12-bit inputs, binary triac
outputs, and 8-bit switch selectable analog outputs (0-10V or 0-20 mA). Inputs shall
support 3K and 10K thermistors, 0-5VDC, 0-10VDC, 4-20mA, dry contacts and pulse

" inpuis directly.

All outputs must have onbeard Hand-Off-Auto switches and a status indicator hght HOA
switch position shall be monitored. Each analog output shall include a potentiometer for
manually adjusting the output when the HOA switch is in the Hand position.

The position of each and every HOA switch shall be available system wide as a BACnet
object. Expandable Central Plant Controller shalt provide up to 176 discreet
inpuisfoutputs per base unit.

B. BACnet Conformance

1.

Central Plant/AHU Controller shall as a minimum support Point-to-Point (PTP), MS/TP
and Ethernet BACnet LAN types. It shail communicate directly via these BACnet LANs as
a native BACnet device and shali support simultaneous routing functions between all -
supported LAN types. Building controller shall be a BACnet conformance class 3 device
and support all BACnet services necessary to provide the following BACnet functional
groups:

a. Clock Functional Group

b. Files Functional Group

¢. Reinitialize Functional Group

d. Device Communications Functional Group
e. Event initiation Functional Group

Please refer to section 22.2, BACnet Functional Groups, in the BACnet standard for a
complete list of the services that must be directly supported to provide each of the
functional groups listed above. All necessary tools shall be suppiied for working with
proprietary information.

Standard BACnet object types supported shall include as a minimum: Analog Input,
Binary Input, Analog Output, Binary Output, Analog Value, Binary Value, Device, File,
Group, Event Enroliment, Notification Class, Program and Schedule object types. Al
necessary tools shall be supplied for working with proprietary information.
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4. The Controller shall comply with Annex J of the BACnet specification for IP connections.

This device shall use Fthernet fo connect to the IP internetwork, white using the same
Ethernet LAN for non-IP communications to other BACnet devices on the LAN, Must
support interoperability on wide area networks (WANs), metropolfitan area networks
(MANSs), campus area networks (CANs) and function as a BACnet Broadcast
Management Device {BBMD). :

C. Sc_h@dules

1.

Each Central Plant/AHU controller shall support & minimum of 50 BACnet Schedule
Objects. . ' '

D. Logging Capabilities

1.

Each coniroiler shall support a minimum of 200 trend logs. Any object in the system (real

. or calculated) may be logged. Sample time interval _shat[ be adjustablé at the operator's

workstation.

Controller shall peribdicéuy upload trended data to syste'm server for iong ‘tarm archiving
if desired. o . - - . S

Archived data stored in database fo_rrhaé shatt'be avaitable for use in third-party
spreadsheet or database programs.

E. Alarm Generation

1.

3.

Alarms may be generated within the system for any object change of value or state either
real or caleulated. This includes things such as analog object value changes, binary
object state changes, and various controlier communication failures.

Alarm log shall be provided for alarm viewing. Log may be viewed on-site at the
operator‘s terminal or off-site via remote communications.

Controlier must be able to handle up to 200 alarm setups stored as BACnet event
enrollment objects — system destination and actions individually configurable.

205 TERMINAL UNIT APPLICATION CONTROLLERS (Heat Pumps, AC Units, Fan Coils)

A Provide one native BACnet application controller for each piece of unitary mechanicai
" equipment that adequately covers all objects listed in object list for unit. All controllers shall
interface to building controfler via MS/TP LAN using BAChet protocol. No gateways shail be .
used. Controllers shall include input, output and self-contained logic program as needed for .
complete control of unit. . C ' S

'B. BACnet Conformance

1.

Application controllers shall as a minimum support MS/TP BACnet LAN types. They shatl
communicate directly via this BACnet LAN at 9.6, 19.2, 38.4 and 76.8 Kbps, as a native
BACnet device. ARCNET communication ports shall not be atlowed. Application
coniroliers shall be of BACnet conformance class 3 and support all BACnet services
necessary to provide the following BACnet functional groups:

a. Files Functional Group
b. Reinitialize Functional Group
c. Device Communications Functional Group

Please refer to section 22.2, BACnet Functional Groups in the BACnet standard fora
complete list of the services that must be directly supported to provide each of the
functional groups listed above. All proprietary services, if used in the system, shall be
thoroughly documented and provided as part of the submittal data. All necessary tools
shali be supplied for working with proprietary information. '
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2.06

3. Standard BACnet object types supported shall include as a minimum~Analog Input,
Analog Output, Analog Value, Binary Input, Binary Qutput, Binary Value, Device, File and
Program Object Types. All proprietary object types, if used in the system, shall be
thoroughly documented and provided as part of the submittal data. All necessary fools
shall be supplied for working with proprietary information.

. Application controllers shall include universal inputs with 10-bit resolution that can accept 3K

and 10K thermistors, 0—5 VDC, 4-20 mA, dry contact signals and a minimum of 3 pulse
inputs. Any input on controiler may be either analog or digital. Controller shall also include
support and modifiable programming for interface to intelligent room sensor. Controller shall
include binary outputs on board with analog oufputs as needed.

All program sequences shall be stored on board controller in EEPROM. No batteries shall be

~_needed to retain logic program. All program sequences shali be executed by controller 10
" times per second and shall be capable of multiple PID loops for control of multipie devices. -
. Programming of application controller shall be completely modifiable in the field over installed
" BACnet LANs or remotely via modem interface. Operator shall program logic sequences by
- graphically moving function blocks on screen and tying blocks together on screen. Application

controiler shall be programmed using same programming tools as building controller and as
described in operator workstation section., All programming tools shall be provided and
installed as part of system.

Application controller shall include support for intelligent room sensor (see Section 2.9.B.)
Display on room sensor shali be programmable at controller and inciude an operating mode
and a field service mode. All button functions and display data shall be programmabie to
show specific controller data in each mode based on which button is pressed on the sensor.
See sequence of operation for specific display requirements at intelligent room sensor.

VAV BOX CONTROLLERS—SINGLE DUCT

Provide one native BACnet application controller for each VAV box that adequately covers all
objects listed in object fist for unit. All controllers shall intetface to building confroller via
MS/TP LAN using BACnet protocol. No gateways shall be used. Controllers shall inciude on
board CEM fiow sensor, inputs, outputs and programmable, self-contained logic program as
needed for control of units.

BACnet Conformanc_é

1, Application controilers shall as a minimum support MS/TP BACnet LAN types. They shall
communicate directly via this BACnet LAN at 9.6, 19.2, 38.4 and 76.8 Kbps, as a native ~
BACnet device. ARCNET communication protocols shall not be allowed. Application
controllers shall be of BACnet conformance class 3 and support all BACnet services
necessary to provide the following BACnet functional groups:

a. Files Functional Group
b. Reinitialize Functional Group
¢. Device Communications Functionai Group

2 Please refer to section 22.2, BACnet Functional Groups, in the BACnet standard, for a
complete fist of the services that must be directly supported to provide each of the
functional groups listed above. All proprietary services, if used in the system, shall be
thoroughly documented and provided as part of the submittal data. All necessary tocls
shali be supplied for working with proprietary information.

3. Standard BACnet object types supported shall include as a minimum—Analog input,
Analog Output, Analog Value, Binary Input, Binary Output, Binary Value, Device, File and
Program Object Types. Ali proprietary object types, if used in the system, shall be
thoroughly documented and provided as part of the submittal data. Al necessary
programming tools shall be supplied for working with proprietary information.
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C. Application controllers shall include universal inputs with 10-bit resolution that can accept 3K

207

and 10K thermistors, 0-5 VDC, and dry contact signals. Inputs on controlier may be either
analog or digital. Controller shall also include support and modifiable programming for
interface to intelligent room sensor with digital display. Controfier shali also include binary
outputs on board. For applications using variable speed parallel fans, provide a single analog
output selectable for 0-10 V or 0-20 mA control signals. Application confroller shall include
microprocessor driven flow sensor for use in pressure independet control logic. All boxes
shall be controlled using pressure independent control algorithms and all flow readings shalt
be in CFM (LPS if metric). '

All program sequences shall be stored on board application controller in EEPRCM. No
batteries shall be needed fo retain logic program. All program sequences shall be executed
by controller 10 times per second and shall be capabie of multiple PID loops for control of

- multiple devices. Programming of application controller shall be compietely modifiable in the
 field over installed BACnet LANs or remotely via modem interface. Operator shall program
- logic sequences by graphically moving function blocks on screen and tying blocks together

on screen. Application controlier shall be programmed using the same programming tool as
Building Controller and as described in operator workstation section. All programming tools
shall be provided as part of system.

Application coniroller shall include support for intelligent room sensor (see Section 2.9.B.)
Display on room sensor shall be programmable at application controfler and include an

- operating mode and a field service mode. All button functions and display data shall be

programmable to show specific controller data in each mode based on which button is
pressed on the sensor. See sequence for specific display requirements for inteiligent room
Sensor.

On board fiow sensor shail be microprocessor driven and precalibrated at the factory.
Precalibration shall be at 16 flow points as a minimum. All factory calibration data shall be
stored in EEPROM. Calibration data shall be field adjustable to compensate for variations in

VAV box type and installation. All calibration parameters shall be adjustable through

intelligent room sensor. Operator workstation, portable computers and special hand-held field
tools shall not be needed for fieid calibration.

Provide duct temperature sensor at discharge of each VAV box that is connected to controfler

for reporting back to operator workstation.

SENSORS and MISCELLANEOUS DEVICES
Temperature Sensors

1. All temperature sensors to be solid state electronic, factory-calibrated to within 0.5°F,
totally interchangeable with housing appropriate for application. Wall sensors to be
installed as indicated on drawings. Mount 48 inches about finished floor. Duct sensors
to be installed such that the sensing element is in the main air stream. Immersion
sensors to be installed in wells provided by control contractor, but installed by mechanical
contractor. Immersion wells shall be filled with thermal compound before installation of
immersion sensors. Outside air sensors shall be installed away from exhaust or relief
vents, ot in an outside air intake and in a location that is in the shade most of the day.

Intelligent Room Sensor with LCD Readout

1. Sensor shall contain a LCD digital display and user function keys along with temperature
sensor. Controller shall function as room control unit, and shall allow occupant to raise
and lower setpoint, and activate terminal unit for override use—all within limits as
programmed by building operator. Initial setpoint shall be pre-determined by FAFE with
field adjustment initially disabled. Sensor shall also allow service fechnician access o
hidden functions as described in sequence of operation.

2. The Intelligent Room Sensor shall simultaneously display room setpoint, room
temperature, outside temperature, and fan status (if applicable} at each controller. This
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unit shali be programmable, aflowing site developers the flexibility to configure the display
to match their application. The site developer should be able to program the unit to
dispiay time-of-day, room humidity and outdoor humidity. Unit must have the capability to
show temperatures in Fahrenheit or Centigrade.

Override time may be set and viewad in half-hour increments. Override time count down
shalt be automatic, but may be reset to zero by occupant from the sensor. Time

‘remaining shali be displayed. Display shall show the word “OFF” in unoccupied mode

unless a function button is pressed.

‘See sequence of operation for specific operation of LCD displays and function keys in

field service mode and in normal occupant mode. Intelligent room sensors are required

- for normally occupied areas, such as offices, fraining rooms, conference rooms, efc. See

the points list for specific instances.

Field service mode shall be customizable to fit different applications. If intelligent room

" 8ensor is connected o VAV controller, VAV box shail be balanced and all air flow
- parameters shali be viewed and set from the inteiligent room sensor with no computer or
- other field service tool needed. :

¢ Wall Se_nsor

2.08

1.

Standard wall sensor shall use solid-state sensor identical to intelligent room sensor and
shall be packaged in aesthetically pleasing enclosure. Sensor shalt provide override
function, warmetr/cooler lever for set point adjustment and port for plug-in of Field Service
Tool for field adjustments. Override time shall be stored in controller and be adjustable on
a zone-by-zone basis. Adjustment range for warmer/cooler lever shall also be stored in
EEPROM on controller. All programmable variables shall be available to Field Service
Tool through wall sensor port.

Standard wall sensors are required in unoccupied spaces such as warehouses, storage,
ete. See the points list for specific instances.

Field Service Tool

1.

Field service tool shall allow technician to view and modify all setpoints and tuning
parameters stored in application controller. In addition, technician shall be abie to view

“status of all inputs and outputs on digital readout. Each piece of data shail have a data

- ) co_cle associated with it that is customizable,

Field service tool shall plug into wall sensor and provide 2l the functionality specified.
Operator workstation shall include the capability to disable operation of the field service

~ tool.. -

3.

Provide 1 Fieid Service Tool for this project.

Network Connection Tool

1.

3.

Network connection tool shall allow technician to connect a laptop to any MS/TP network
or at any MS/TP device and view and modify all information throughout the entire BACnet
network. Laptop connection to tool shall be via Ethernet or PTP.

Provide quick connect to MS/TP LAN at each controller. Tool shall be able to adjust to all
MS/TP baud rates specified in the BACnet standard.

Provide 1 Network Connection Tool for this project.

Elactronic Actuators and Valves

Quality Assurance for Actuators and Valves

1.

UL Listed Standard 873 and C.S.A. Class 4813 02 certified.
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NEMA 2 rated enclosures for inside mounting, provide with weather shield for outside
mounting.

Five-year manufacturers warranty. Two-year unconditional and three-year product defect
from date of installation,

B. Execution Details for Actuators and Valves

)

4,
5.

Furnish 2 Freeze-stat and install “Hard Wire” interlock to disconnect the mechanical
spring return actuator power circuit for fail-safe operation. Use of the control sighal to
drive the actuators closed is not acceptable.

Each DDC analog output point shall have an actuator feedback signal, independent of
control signal, wired and terminated in the control panel for true position information and
troubleshooting. Or the actuator feedback signal may be wired to the DDC as an analog .

~ input for true actuator position stafus.

VAV box damper actuation shall be Analog (2-10vdc), using a separate actuator from the
-coniroller, ; : :

Re-heat valve actuation shall be Floating type or Analog (2¥10vdc, 4-20ma).
Primary valve control (AHU, convertors, etc.) shall be Analog {2-10vdc, 4-20ma).

C. Actuators for Damper and Control Valves %" to 8" shalf be Electric unless otherwise
. specified, provide actuators as follows:

1.

7.
8,
9.

UL Listed Standard 873 and Canadian Standards association Class 481302 shali certify”
Actuators. :

NEMA 2 rated actuator enclosures are. Use additional weather shield to protect actuator
when mounted outside. '

5 year Manufacturers Warranty. Two-year unconditional + Three year product defect from
date of installation.

Mechanical spring shall be provided when specified. Capacitors or other non-mechanical
forms of fail-safe are not acceptable.

- Position indicator device shall be installed and made visible to the exposed side of the

Actuator. For damper short shaft mounting, a separate indicator shall be provided io the
exposed side of the Actuator. ' . :

Overioad Protection; Actuators shall provide protection against actuator burnout by using
an internal current limiting circuit or digital motor rotation sensing circuit. Circuit shall
insure that actuators cannot burn out due to stalled damper or mechanical and electrical
paralleling. End switches to deactivate the actuator at the end of rotation are acceptable
only for Butterfly Valve actuators.

A push button gearbox refease shall be provided for all non-spring actuators.
Modulating actuators shall be 24Vac and consume 10VA power or less.

Conduit connectors are required when specified and when code requires it.

0. Damper Actuators:

1.

Outside Air and Exhaust Air Damper Actuators shall be Mechanical Spring Return.
Capacitors or other non-mechanical forms of fail-safe are not acceptable. The actuator
mounting arrangement and spring return feature shall permit normally open or normally
closed positions of the damper as required.

Economizer Actuators shall utilize Analog control 2-10 VDC, Floating control is not
acceptable,
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Etectric damper actuators (including VAV box actuators) shall be direct shaft mounted
and use a V-bolt and toothed V-clamp causing a cold weld effect for positive gripping.
Single boli or setscrew type fasteners are not acceptable.

One electronic actuator shall be direct shaft mounted per damper section. No connecting
rods or jackshafis shall be needed. Small outside air and return air economizer dampers

‘may be mechanically finked together if one actuator has sufficient forque to drive both

and damper drive shafts are both horizontal installed.

Multi-section dampers with electric actuators shall be arranged so that each damper
section operates individually. One electronic actuator shall be direct shaft mounted per

damper section' (See below execution section for more instaliation details.)

E Valve Actuators 12" to 8"

L

:_Mechangcal spring shall be provided on all actuators for pre-heat coil and actuators for

AHU heating or cooling coil when units are mounted cutside. See plans for faii save flow |

"~ function: Normal Open or Normal Closed. Capacitors or other non- mechamcal forms of -

fail-safe are not acceptable. _
All zone service actuators shall be non- spring return uniess otherwise specified.

The valve actuator shall be capable of providing the minimum torque required for proper
valve close off for the required application.

All control valves actuators shall have an attached 3-foot cable for easy installation to a
junction box. ‘

5. 'Override handle and gearbox release shall be provided for all non-spring return valve

actuaiors.

F. Conirol Valves 1/2" to 8" The BAS contractor shall furnish ali specified motorized control
valves and actuators. BAS contracior shall furnish all control wiring to actuators. The
Plumnbing contractor shall install all vaives. Equal Percentage control characteristic shalt be
provided for all water coil control valves. Linear valve characteristic is acceptabie for 3-way
valves 2-1/2 inch and above.

1.

‘Characterized Controi Valves shall be used for hydronic heating or cooling applications

and small fo medium AHU water coil applications to 100GPM. Actuators are non-spring

- return for terminal unit coil control unless otherwise noted. If the coil is exposed to the
- -.-Outsnde Air stream then see plans for Spring Return requirement.

a. Leakageis Zero percent Ciose-off is EOOpSE Maxumum differential is 30pss
Rangeablity is 500:1.

b, Valves 1/2 Inch through 2 mches shall be nickel- p!ated forged brass body, NPT screw
type connections.

c. Valves 1/2 inch through 1-1/4 inches shall be rated for ANSI Class 600 working
‘pressure. Valves 1-1/2 inch and 2 inches shail be rated for ANS! Class 400 working
pressure

d. The operating temperature range shall be 0°F to 250° F.
@, Stainless steel ball & stem shall be furnished on all modulating vaives.
f.  Seats shall be fiberglass reinforced Teflon.

g. Two-way and three-way valves shall have an equal percentage controi port. Full
stem rotation is required for maximum flow to insure stable BTU control of the cofi.

h. Three-way valve shail be applicable for both mixing and diverting.

I. The characterizing disc is made of TEFZEL and shalf be keyed and held secure by a
retaining ring.
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The valves shall have a blow out proof stem design.

The stem packing shall consist of 2 lubricated O-rings designed for on-off or
modulating service and reguire no maintenance.

The valves shalt have an IS0 type, 4-bolt flange, for mounting actuator in any '
orientation parallet or perpendicular to the pipe.

A non-metallic thermat isolation adapfer shall separate valve flange from actuator.

One fastening screw shall secure the direct coupling of the thermal isolation adapter
between the actuator and the valve. This will prevent all laterat or rotattonal forces

from affecting the stem and it's packing O-rings.

- 2 GEobe valves 1/2" to 2" shall be used for steam control or water flow apphcatzons

Ca

c.
d.
e
f

a.

Vatves shall be bronze body, NPT screw type, and shall be rated for ANSI Ciass 250 7
working pressure.

Valves 1/2 inch (DN15) through 2 inches (DN50) with spring return actuators sha]l
close off against 50 psi pressure differential with Class Il leakage (0.1%). '

The operating temperature range shall be 20°F to 280° F
Spring loaded TFE packing shali protect against isakage at the stem.

Two-way valves shall have an equal percentage controf port.
" Three-way valves shall a linear controf and bypass port.

Mixing and diverting valves must be installed specific to the valve design.

3. Globe Valve 2-1/2" o 6"

a.

Valves 2-1/2 inch {DNB5) through 6 inches (DN50) shall be iron body, 125 ib. flanged
with Class Il (0.1%) close-off leakage at 50 psi differential.

Valves with spring return actuators shail close off against 50 pst pressure differential
with Class lll leakage (0.1%).

Flow type for two-way valves shall be equal percentage. Fiow type for three—way

- valves shall be linear.

d.

Mixing and diverting valves must be installed specific to the valve dessgn

- G. Butterfly valves

1. Butterfly Valves shall be sized for modulating service at 60-70 degree stem rotatlon _
- isolation valves shall be line-size. Design velocity shall be less than 12 feet per second
when used with standard EPDM seals.

-~ 0 2 0 oW

g.

Body is Cast lron.

Disc is Aluminum Bronze standard.

Seat is EPDM Standard.

Body Pressure is 200 psi, -30F to 275F.

Flange is ANSI 125/250.

Media Temperature Range is —22°F {o 240°F.

Maximum Differential Pressure is 200 psi for 2" to 6" size.

H. Butterfly Valve Indusirial Actuators

1. Actuators shall be approved under Canadian Standards Association or other Nationally
Recognized Testing Laboratory to UL standards. CSA Class 4813 02 or equal.
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Enclosure shall be NEMA 4 (weatherproof) enclosure and will have an industrial quality
coating. .

a.

Actuator shall have a motoer rated for continuous duty. The motor shall be fractional
horsepower; permanent split capacitor type designed to operate on a 120 VAC, 1 pH,
60 Hz supply. Two adjustabie cam actuated end travel limit switches shall be
provided to control direction of travel. A self-resetting thermal switch shall be

~imbedded in the motor for overload protection. :

Reduction gearing shall be designed to withstand the actual motor stali torque. Gears
shall be hardened afioy steel, permanently lubricated. A self-locking gear assembly
or a brake shall be supplied. - o . :

. Actuator shall have a 6 ft wiring harness provided for ease in field wiring {above 1500
in-Ibs). Two adiustable SPDT cam-actuated auxiiary switches, rated at 250 VAC - )
.shall be provided for indication of open and closed position. Actuator shall have

_heater and thermostat to minimize condensation within the actuator housing.

Actuator shall be equipped with a hand wheel for manual override to permit operation

“of the valve in the event of electrical power failure or system malfunction. Hand

wheel must be permanently attached to the actuator and when in manuai operation
electrical power to the actuator will be permanently interrupted. The hand wheel will
not rotate whiie the aciuator is electrically driven.

“The actuator shall be Analog, floating, or two position as called oui in the control

sequence of operation. All Analog vaives shall be positive positioning, and respond
to a 2-10 VDC, 4-20 mA, or adiustable signal as required. Analog actuators shall
have a digital control card allowing any voltage input for control and any bC voltage
feedback signai for position indication.

2. Performance Verification Test

.

b.

Controt loops shall cause productive actuation with each movement of the actuator
and actuators shall moduiate at a rate which is stable and responsive, Actuator
movement shalt not occur before the effects of previous movement have affected the
sensor. :

Actuator shall have capability of signaling a trouble alarm when the actuator Stop-Go.

" Ratio exceeds 30%.

3. Actuator Mounting for Damper and Valve arrangements shall comiply to the fdﬂowirzg:

.a.
b.

Damper Actuators: Shall not be installed in the air stream.
A weather shield shail be used if actuators are located outside. For Damper

- Actuators use clear plastic enclosure.

Damper or vaive actuator ambient temperature shall not exceed 122 degrees F
through any combination of medium temperature or surrounding air. Appropriate air

© gaps, thermal isolation washers or spacers, standoff legs, or insulation shaii be

provided as necessary.

Actuator cords or conduit shall incorporate a drip ieg if condensation is possible.
Water shall not be allowed to contact actuator or internal parts. Location of conduits
in temperatures dropping below dew point shall be avoided to prevent water from
condensing in conduit and running into actuator.

Damper mounting arrangements shall comply to the following:

i.  The ventilation subcontractor shall furnish and install damper channel supports
and sheet metal coliars,

fi. No jack shafting of damper sections shall be allowed.
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2.09

PART 3
3.01

~ is complete fo the point where work of this Section may properly commence.

i. Multi-section dampers shali be arranged so that each damper section operates
individually. One electronic actuator shall be direct shaft mounted per section,

£ Multipie section dampers of two or more shall be arranged fo allow actuators to be
direct shaft mounted on the outside of the duct.

g. Muitiple section dampers of three or more sections wide shall be arranged with a 3-
sided vertical channel (8” wide by 8" deep) within the duct or fan housing and
between adjacent damper sections. Vertical channel shail be anchored at the top
and bottom to the fan housing or building structure for support. The sides of each
damper frame shall be connected to the channels. Holes in the channel shall allow
damper drive blade shafts to pass through channel for direct shaft mounting of
actuators. Open side of channet shall be faced down stream of the airflow, except for.
‘exhaust air dampers. o : L

h. Multiple section dampers to be mounted flush within a wall or housing opening shall -

-~ receive either vertical channel supports as descried above or sheet metal standout
~collars, Sheet metal collars {(12” minimum) shall bring each damper section out of the
" wall to allow direct shaft mounting of the actuator on the side of the collar. '

ENCLOSURES
All controliers, power supplies and relays shall be mounted in enclosures.

Enclosures may be NEMA 1 when located in a clean, dry, indoor environment. indoor

“enciosures shall be NEMA 12 when instalied in other than a clean environment.

Enclosures shall have hinged, locking doors.

Provide laminated plastic nameplates for alf enclosures in any mechanical room or electrical
room. Include location and unit served on nameplate. Laminated plastic shall be 1/8" thick
sized appropriately to make label easy to read.

EXECUTION
EXAMINATION

Prior to starting work, carefully inspect installed work of other trades and verify that such work

' Notify the owners' représentaﬂve in writing of conditions detrimental to the proper and timely

completion of the work. :
Do not begin work until all unsatisfactory conditions are resolved.
lNSTAl_..LATlON (GENERAL) '

install in accordance with manufacturer's instructions.

~ Provide all miscellaneous devices, hardware, software, interconnections installation and

programming required fo ensure a compiete operating system i accordance with the
sequences of operation and point schedules.

LOCATION AND INSTALLATION OF COMPONENTS

Locate and install components for easy accessibility; in general, mount 48 inches above floor
with minimum 3'-0" ciear access space in front of units. Obtain approval on locations from
owner’s representative prior to installation.

All instruments, switches, transmitters, etc., shall be suitably wired and mounted o protect
thern from vibration, moisture and high or iow temperatures.

Identify all equipment and panels. Provide permanently mounted tags for all panels.

Provide stainless steel or brass thermo wells suitable for respective application and for
installation under other sections—sized to suit pipe diameter without restricting flow.
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3.04

INTERLOCKING AND CONTROL WIRING

Existing control wiring will be reused to the greatest extent practicable. All new wiring shall be
installed neatly and professionally, in accordance with Specification Division 16 and all
national, state and local electrical codes.

Provide wiring as reguired by functions as specified and as recommended by equipment
manufacturers, to serve specified control functions. Provide shielded low capacitance wire

“for all communications trunks. .

Contro} wiring shall not be instalied in power circuit raceways. Magnetic starters and
disconnect switches shall not be used as junction boxes. Provide auxiliary junction boxes as -

- required. Coordinate location and arrangement of all control equipment with the owner's

- 3.05

3.06

3.07

-representative prior to rough-in. : '

Provide auxitiary pilot duty relays on motor starters as required for c_bntrdi function_.‘

Provide power for all control components from nearest electrical control panel or as indicated -

- on the electrical drawings—~coordinate with electricai contractor.

Alt control wiring in the mechanical, electrical, telephone and boiler rooms to be installed in
raceways. All other wiring to be installed neatly and inconspicuously per local code
requirements. If local code allows, control wiring above accessible ceiling spaces may be
run with plenum rated cable {without conduit).

DDC OBJECT TYPE SUMMARY
Provide all database generation.
Displays

1. System displays shall show all analog and binary object types within the system. They
shall be logically laid out for easy use by the owner. Provide outside air temperature
indication on ali system displays associated with economizer cycles.

Run Time Totalization

1. Ata minimum, run time totalization shall be incorporated for each monitored supply fan,
return fan, exhaust fan, hot water and chifled water pumps. Warning limits for each point
shall be entered for alarm and or maintenance purposes. _ . :

Trendlog

4. All binary and analog object types (including zones} shali have the cépébility to be

~automatically trended.
Alarm

1. All analog inputs (High/Low Limits) and selected binary input alarm .poi.nts shall be

prioritized and routed (focally or remotely) with alarm message per owner's requirements.
Database Save '
1. Provide back-up database for all stand-alone appiication controllers on disk.
FIELD SERVICES
Prepare and start logic control system under provisions of this section.

Start-up and commission systems. Allow sufficient time for start-up and commissioning prior
to placing control systems in permanent operation.

Provide Owner's Representative with spare parts list. Identify equipment critical to
maintaining the integrity of the operating system.

AS BUILT DOCUMENTATION REQUIRED
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'A. Provide “as-built” copy of control drawings, graphic software, and programs, aiong with actual
customized per-point check out sheets including technicians signature and checkout date.

-3.08 TRAINING
A Provide application engineer to instruct owner in operation of systems and equipment.

B. Provide system operator’s training to include (but not limited to) such items as the following:
modification of data displays, alarm and status descriptors, requesting data, execution of
commands and request of logs. Provide this fraining to a minimum of & persons.

" C. - Provide on-site training above as required, up to 16 hours as part of this contract.

D.. Provide tuition for 4 individuals for a one-week factory training class.” If applicable, costs for
~ travel, lodging and meals will be the responsibility of the Owner. ‘ :

'3.00°  DEMONSTRATION / COMMISSIONING

o A. See commissioning requirements elsewhere in the project documents.

PART4  SEQUENCE OF OPERATIONS
401 GENERAL

A. Provide 2 complete and operationai temperature control and building automation system

. based on the following points and sequence of operation. The system shall be complete as
to sequences and standard control practices, The determined point fist is the minimum
amount of points that are to be provided. If additional points are required to meet the
sequence of operation, they will be provided.

B. See points list and sequence of operations eisewhere in the proiect package.
C. BACnet Object List
1. The following points as defined for each piece of equipment are designated as follows:
a. Binary Out (BO) - Defined as any two-state output (start/stop) (enableldisable), etc.
b. Binary in (Bl) - Defined as any two-state input (alarm, status), efc.
c. Analog In {Al) - Defined as any variable input (temperature) (positicn), efc.
d

Analog Out (AO) - Defined as any electrical variable output. 0-20mA, 4-20mA and
0-10VDC are the only acceptable analog outputs. The driver for analog outputs must
come from both hardware and software resident in the controliers. Transducers will
not be acceptable under any circumstance.

D. Web Interface Speciﬁcatéon
1. Overview
a. General Description

i. '~ BAS supplier shall provide web-based access to the system as part of standard
installation. User shall be able to access all displays of real-time data that are
part of the BAS via a standard Web browser. The web-page software shail not
require a per user licensing fee or annual fees. The web-page host must be abie
to support on average 50 simultaneous users with the ability to expand the
system to accommodate an unlimited number of users.

b. Browser Technology

i Browser shall be standard version of Microsoft IE 6.0 or later and Netscape
Navigator 4.76 or later. No special vendor-supplied software shall be needed on
computers running browser. All displays shall be viewable and the Web-page
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host shaii directly access real-time data from the BAS BACnet network. Data
shall be displayed in real time and update automaticaily without user interaction.
User shall be able to change data on displays if logged in with the appropriate
user name and password.

¢. Communications

i, Metropolitan area network (MAN) is existing and provided by Falirchild AFB.
. 2. - Display of Data

‘a.  Web page graphics shown on browser shall be replicas of the BAS dispiays. User
- shall need no additional training to understand information presented on Web pages
when compared to what is shown on BAS displays. Web page displays shall include
" animation just as BAS displays. Fans shall turn, pilot lights shali blink, colls shall
¢change colors, and so on. - ' -
. b. Realtime data shall be shown on all browser Web pages. This data must be directly
. --gathered via the BACnet network and automaticaliy updated on browser Web page
. displays without any user action. Data on the browser shall automatically refresh as
changes are detected without re-drawing the complete display.

c. ltshall be possible for user from browser Web page to change data if the user is
logged on with the appropriate password. Clicking on a button or typing in a new
value shall change digital data. Using pull-down menus or typing in a new vaiue shall
change analog data.

d. Data displays shall be navigated using pushbuttons on the displays that are simply
clicked on with the mouse 1o seiect a new display. Alternatively, the standard back
and forward buttons of the browser can be used for display navigation.

3. Web Page Generation

a. Web pages shall be generated automatically from the BAS displays that reside on the
BAS server. User shall access Web-page host via the network and shalil initiate a
web page generation utility that automatically takes the BAS displays and turns them
into Web pages. The Web pages generated are automatically installed on the Web

" page host for access via any computer's standard browser. Any sysiem that requires
~use of an HTML editor for generation of Web pages shall not be considered.

4. -_'Pa'ssword Security and Activity L.og

a  Access via Web browser shall utilize the same hierarchical security scheme as BAS
system. User shall be asked to log in once the browser makes connection to Web-
page host. Once the user logs in, any and all changes that are made shall be tracked
by the BAS system. The user shall be able to change only those items that the user
has authority to change. A user activity report shall show any and ali activity of the
users that have logged in to the system regardless of whether those changes were
made using a browser or via the BAS workstation.

5. Functionaiity

a. Graphic Viewing, Point Commanding, Scheduling, Trend Viewing, and Alarming shali
all be viewable and commandable through WEB Interface.

END OF SECTION 230800
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DIVISION 23 — HEATING, VENTILATING, AND AIR CONDITIONING

SECTION 230900 — INSTRUMENTATION AND CONTROL FOR HVAC
ENERGY MANAGEMENT AND CONTROL SYSTEM (EMCS)

DETAIL SHEET (REVISED: 11 MAR 05)

SECTION 230900 — INSTRUMENTATION AND CONTROL FOR HVAC EMCS
DETAIL: EMCS BLOCK DIAGRAM

Controller BACnet

/_ MS/TP

Category 6 rated

Ethernet cable

{Cable provided

Trunk by Division 27)

TO
EMCS
Bldg Central
Network Server
Area Controller equip.

P FROM
™  EMCS
Central
Server
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