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SECTION 15950 – BUILDING AUTOMATION AND TEMPERATURE CONTROL SYSTEM

PART  1 -  GENERAL

1.1
DESCRIPTION OF WORK

A.
Extent of electronic direct digital control (DDC) temperature control system work is indicated by drawings and schedules, and by requirements of this section.


B. 
Control sequences are specified in Execution Section of this specification section.

C. 
Control wiring necessary for temperature control systems is work of this section.  All power wiring shall be by others.

D.
Furnish all labor, materials, equipment, and service necessary for a complete and operating temperature control system, utilizing a high speed peer to peer network of interoperable Direct Digital Controls (DDC), LonTalk™ I/O point interface to existing TAC VISTA workstations, any additional workstations and associated communication hardware/software, and electronic interfaces and actuation devices, as shown on the drawings and as described herein.
E.
The system will consist of an open architecture that utilizes EIA standard 709.1, the LonTalk™ protocol, as the common communication protocol between all controllers. Where necessary or desired, LonTalk™ packets may be encapsulated into TCP/IP messages to take advantage of existing infrastructure or to increase network bandwidth. Any such encapsulation of the LonTalk™ protocol into IP datagrams shall conform to existing LonMark™ guidelines for such encapsulation and shall be based on industry standard protocols. The products used in constructing the BMS shall be LonMark™ compliant. In those instances in which LonMark™ devices are not available, the BMS contractor shall provide LonWorks™ devices with application source code, device resource files, and external interface definitions. 

F.
Complete temperature control system to be DDC with electronic sensors and electronic actuation of Mechanical Equipment Room (MER) valves and dampers and electronic actuation of terminal equipment valves and actuators as specified herein.

1.2
RELATED DOCUMENTS

A.
Refer to Division-17 for related work concerning TAC responsibilities for operator workstation graphics and system integration.

B. 
Drawings and general provisions of Contract apply to work of this section.

C.
Refer to Division-15 sections for related work, including Basic Mechanical Materials and Methods, apply to this section. 


D.  
Refer to Division-16 sections for power wiring to line voltage devices; not work of this section.

1.3
QUALITY ASSURANCE


A.
Standards


1.
Temperature Control System:  Direct digital control (DDC)/electronic, which meets in every respect all operational and quality standards specified herein; installed, wired, circuit tested and calibrated by factory employed technicians qualified for this work and in the regular employment of the temperature control system manufacturer’s field office. Supervision, calibration and checkout of the system shall be by the employees of the manufacurer’s local temperature control contracting field office. The manufacturer shall be ISO 9001 certified.


2. 
The temperature control contractor shall be a factory owned single source responsibility control system provider for the product, installation and technical services. Wholesalers and/or distributors in combination with dealer/contractors are not acceptable and will not be approved. 

B.
Manufacturer’s Qualifications: Firms regularly engaged in manufacture of electronic Direct Digital Control (DDC), electric and pneumatic control equipment, of types and sizes required, and whose products have been satisfactory in use in similar service for not less than five years.

1.
All work, materials, and equipment shall comply with the rules and regulations of all codes and ordinances of the local and state, and federal authorities. Such 
codes, when more restrictive, shall take precedence over these plans and specifications. As a minimum, the installation shall comply with current editions in effect 90 days prior to receipt of bids of the following codes. Systems or products not currently offering the following approvals are not acceptable

2.
Comply with EIA Standard 709.1 LonTalk® protocol for DDC system control components and shall be so labeled


C.
The following work shall be furnished under this section of the work:



1.

All control wiring to devices furnished as part of the Temperature Control Contract, including control transformers.



2.

All control wiring, including control transformers, for air handling systems.



3.

All electrical interlocks incidental to the Temperature Control System.



4.

All other wiring, including all power wiring, shall be furnished by the Electrical Contractor.



5.

All electrical work shall be carried out in accordance with the requirements of Division 16 of these Specifications.

1.4
SUBMITTALS


A.
Product Data: Submit manufacturer’s technical product data for each control device furnished, indicated dimensions, capacities, performance and electrical characteristics, and material finishes, also include installation and start-up instructions.


B.
Shop Drawings: Submit shop drawings for each DDC control system, containing the following information:



1.  Schematic flow diagram of system showing fans, pumps, coils, dampers, valves, and control devices.  Show label of each control device with setting or adjustable range of control.



2.

Indicate all required electrical wiring.  Clearly differentiate between portions of wiring that are factory-installed and portions to be field-installed.



3.

Provide details of faces of control panels, including controls, instruments and labeling.



4.
Include written description of sequence of operation.

1.5
SYSTEM START-UP AND ACCEPTANCE


Upon completion of the installation, the FMCS Contractor shall start-up the system and perform all necessary testing in conformance with the test plan described in this section.  An acceptance test is the presence of the Owner’s representative, the Architect, and the Engineer shall be performed.  Acceptance of the FMCS may be done in phases.  Final acceptance, in writing, from the Owner on any given phase will commence the warranty period on that phase.

1.6
OWNER’S INSTRUCTIONS


The FMCS Contractor shall provide two copies of an operator’s manual describing all operating and routine maintenance service procedures to be used with the system.  The Contractor shall instruct the Owner’s designated representatives in these procedures during the start-up and test period.  The instructions are to be conducted during normal working hours.  The instruction shall consist of both hands-on and classroom training at the job site.  Additional training shall be available upon the request of the Owner at a negotiated hourly rate. Provide 8 hours of Owner training and instruction.

1.7
WARRANTY


The system, including all hardware and software components, and labor shall be warranted for a period of five (5) years following the date of acceptance.  Any manufacturing defects arising during this warranty period shall be corrected without cost to the Owner.

1.8
OWNERSHIP OF PROPRIETARY MATERIAL

The owner shall sign a copy of the manufacturer’s standard software and firmware licensing agreement as a condition of this contract.  Such license shall grant use of all programs and application software to owner as defined by the manufacturer’s 
license agreement, but shall protect manufacturer’s rights to disclosure of trade secrets contained within such software.  All project developed software and 
documentation shall become the property of the owner. These include, but are not limited to project graphic images, record drawings, project database, project specific application programming code, and all other associated documentation.

1.9
MANUFACTURERS / INSTALLERS


A.
Acceptable Manufacturers/Installers:

1. TAC Americas / By TAC Factory Branch

2. Johnson Controls / By JCI Factory Branch

3. Siemens / By Siemens Factory Branch

PART 2 - PRODUCTS

2.1
GENERAL PRODUCT DESCRIPTION

A.
The Direct Digital Control System or Facility Management System (FMS) shall be capable of integrating multiple building functions, including equipment supervision and control, alarm management, energy management, and trend data collection.

B.
The contractor shall provide an open, interoperable peer-to-peer networked, distributed control system using ANSI/EIA Standard 709.1-A-1999, LonWorks® technology communication protocols. The system shall consist of LonWorks®-based microprocessor-based controllers, plus instrumentation, control valves, dampers, operators, control devices, interface equipment, laptop computer, operator workstation(s), LonWorks® routers, LonWorks® communication interfaces, and other apparatus required to operate building systems and perform functions specified. The system shall provide total integration of the facility infrastructure systems with user access to all specified system data via existing TAC operator workstations connected to the system network at the Ethernet level using the owners existing Ethernet system.

C. The supplied computer software shall employ object-oriented technology (OOT) for representing all data and control devices within the system. Adherence to industry standards ANSI/EIA Standard 709.1-A-1999, LonWorks® to assure interoperability between all system components is required. 

D.
Workstation Client Hardware Stations:  The system shall be capable of supporting at least 16 simultaneous users using a standard Webbrowser such as Internet Explorer™ or Netscape Navigator™ operating on any standard computer that supports the current version of Internet Explorer™ or Netscape Navigator™.


E.
The FMS shall consist of the following:

1.
Programmable Control Units interfaced to primary HVAC systems.

2.
Application Specific Control Units interfaced to terminal HVAC equipment.

3.
Interface to ALL existing TAC VISTA Operator Workstations 

4.
Color Graphic Presentation Software and Developed HVAC Graphics

5.
Portable Operator’s Terminal

F.
Workstations: Any temperature control contractor that quotes equipment other than TAC equipment must also provide 4 complete desktop workstations with all workstation software. (two to be installed in South Louisiana and two to be installed in North Louisiana)  In addition two complete laptop workstations must also be provided. All six workstations must be provided with all software tools to modify any component of the system, download and modify software and modify graphics on-site.  Routers and LAN components must also be provided with each desktop workstation to allow the workstation to connect to the systems from the remote site through the Owner’s Ethernet.

G.
The failure of any single component or network connection shall not interrupt the execution of control strategies at other operational devices.

2.3 
NETWORK ACCESS


A. 
Remote Access to Installations on the Owner’s Intranet:

1. The owner shall provide the IP address(s) for remote access by the contractor to the control system via the Internet.

2. The FMS contractor shall provide bridges, routers and hubs required for interface to the owners Intranet and access to the IP address via the Internet. 

2.4  
PROGRAMMABLE NODES (CONTROLLERS)

A. 
Control Units General: Provide an adequate number of control units to achieve monitoring and control of all data points specified and necessary to satisfy the sequence of operation for all mechanical systems shown on the plans. Provide a minimum of one separate controller for each AHU or other HVAC system.  Multiple DDC controllers may control one system provided that all points associated with individual control loops are assigned to the same DDC controller.  Points used for control loop reset such as outside air or space temperature are exempt from this requirement. Each of the following panel types shall meet the following requirements. Controllers shall be suitable for the anticipated ambient conditions.

1. Memory:  The Control Units shall maintain all BIOS and programming information in the event of a power loss for at least 72 hours.
2. Diagnostics:  The Building Controller shall continually check the status of its processor and memory circuits.  If an abnormal operation is detected, the controller shall assume a predetermined failure mode and generate an alarm notification.
B.
Universal Network Controllers (UNC)

1. The Universal Network Controllers (UNC) shall provide the interface between the LAN or WAN and the field control devices, and provide global supervisory control functions over the control devices connected to the UNC.  It shall be capable of executing application control programs to provide:

a. Calendar functions

b. Scheduling

c. Trending

d. Alarm monitoring and routing

e. Time synchronization by means of an Atomic Clock Internet site including automatic synchronization

f. Integration of LonWorks controller data 

g. Network Management functions for all LonWorks based devices

2.
The Universal Network Controllers must provide the following hardware features as a minimum:

a.
One Ethernet Port – 10/100 Mbps 

b.
One RS-232 port

c.
One LonWorks Interface Port – 78KB  FTT-10A

d.
Battery Backup

e.
Flash memory for long term data backup (If battery backup or flash memory is not supplied, the controller must contain a hard disk with at least 1 gigabyte storage capacity)

3.
The UNC shall provide multiple user access to the system and support for ODBC or SQL.  A database resident on the UNC shall be an ODBC compliant database or must provide an ODBC data access mechanism to read and write data stored within it.  

4.
The UNC shall support standard Web browser access via the Intranet/Internet.  It shall support a minimum of 16 simultaneous users.

5.
Event Alarm Notification and actions

a.
The UNC shall provide alarm recognition, storage; routing, management, and analysis to supplement distributed capabilities of equipment or application specific controllers.

b.
The UNC shall be able to route any alarm condition to any defined user location whether connected to a local network or remote via dial-up telephone connection, or wide-area network.

c.
Alarm generation shall be selectable for annunciation type and acknowledgement requirements including but limited to:

1) To alarm

2) Return to normal

3) To fault

d.
Provide for the creation of a minimum of eight of alarm classes for the purpose of routing types and or classes of alarms, i.e.: security, HVAC, Fire, etc.

e.
Provide timed (schedule) routing of alarms by class, object, group, or node.

6.
Data Collection and Storage

a.
The UNC shall have the ability to collect data for any property of any object and store this data for future use.

b.
The data collection shall be performed by log objects, resident in the UNC that shall have, at a minimum, the following configurable properties:

1)
Designating the log as interval or deviation.

2)
For interval logs, the object shall be configured for time of day, day of week and the sample collection interval.

3)
For deviation logs, the object shall be configured for the deviation of a variable to a fixed value.  This value, when reached, will initiate logging of the object.

4)
For all logs, provide the ability to set the maximum number of data stores for the log and to set whether the log will stop collecting when full, or rollover the data on a first-in, first-out basis.

5)
Each log shall have the ability to have its data cleared on a time-based event or by a user-defined event or action.

7.
All log data shall be stored in a relational database in the UNC and the data shall be accessed from a server or a standard Web Browser.

8.
All log data, when accessed from a server, shall be capable of being manipulated using standard SQL statements.

9.
All log data shall be available to the user in the following data formats:

a.
HTML

b.
XML

c.
Plain Text

d.
Comma or tab separated values

10.
The UNC shall have the ability to archive its log data either locally (to itself), or remotely to a server or other UNC on the network.  Provide the ability to configure the following archiving properties, at a minimum:

a.
Archive on time of day

b.
Archive on user-defined number of data stores in the log (buffer size)

c.
Archive when log has reached it’s user-defined capacity of data stores

d.
Provide ability to clear logs once archived

11.
DATABASE BACKUP AND STORAGE

h. The UNC shall have the ability to automatically backup its database.  The database shall be backed up based on a user-defined time interval.

i. Copies of the current database and, at the most recently saved database shall be stored in the UNC.  The age of the most recently saved database is dependent on the user-defined database save interval.

j. The UNC database shall be stored, at a minimum, in XML format to allow for user viewing and editing, if desired.  Other formats are acceptable as well, as long as XML format is supported.

C.
Custom Application Control Units:




Modular, comprising processor board with programmable, nonvolatile, RAM/EEPROM memory for custom control applications.  CAC’s shall be provided for Roof Top Units, Boiler Plant, Chiller Plant and other applications as shown on drawings and shall have published LonWorks™ application source code, device resource files and external interface definitions

2. Stand-alone mode control functions operate regardless of network status.  Functions include the following:

a. Peer to peer primary network level communications supporting at least 200 LonMark™ Standard Network Variables (SNVTs) per CAC utilizing at least 100 different SNVT types as documented by the LonMark™ Interoperability Association to assure present and future compatibility with third party LonMark™ devices. The 200 LonMark™ SNVTs, minimum, must be configurable in any combination – all inputs or all outputs or any combination of input/outputs in any combination of the 100 different, minimum, SNVT types. The XIF SNVT order shall be definable, rather than random, to provide logical and effective LonMark™ network management. With the submittal package, contractor shall provide CAC performance data that specifies the exact maximum number of SNVTs available in any combination and a list of all available SNVT types including the LonMark™ Interoperability Association SNVT number.
b. Automatic communications loss detection to maintain normal control functionality regardless of available network communications.

c. Discrete/digital, analog, and pulse input/outputs.

d. Monitoring, controlling, or addressing data points.

e. Local energy management control strategies

f. Incorporate internal customizable safeties and limits to prevent third party LonMark™ tools from providing improper and unrealistic inputs to CAC ‘s.
3. Local operator interface port provides for download from and connection to portable workstation.

3.
Communication: The Custom Application Controller shall communicate via the Primary Controller Network between BMS Controllers and 
other LonWorks™ devices. CAC’s shall communicate with the Building Controller and ASC’s at a baud rate of not less than 78.8K baud using LonTalk™ communications protocol (EIA 709.1).

2.5
PORTABLE OPERATOR’S TERMINAL

A.
Provide a local operator interface device with touch screen display and keypad that resides on the DDC controller LAN and operates “on-line” and interactive with all DDC system points on a real-time basis. 

B.
Operator interface shall use self-prompting menus and smart function keys to provide viewing of all points’ current status and alarms, adjusting and changing of all DDC system setpoints, override of time schedules, historical data reports, and editing of all DDC controller programs.

C. Unit shall be housed in an impact resistant enclosure with all power and communication’s connections via plug-in connections to LPN or LSPN controllers and the display and keypad exposed.

2.6
ALL APPLICATION SPECIFIC CONTROL UNITS

A.
Single board construction comprising processor board with programmable, nonvolatile, RAM/EEPROM memory for custom control and unitary applications. ASCs shall be provided for Unit Ventilators, Fan Coils, Heat Pumps, VAV Terminal Boxes, Rooftop Units and other applications as shown on the drawings. To assure complete interoperability, all ASCs firmware shall support all mandatory and all optional LonMark™ Standard Network Variables (SNVTs) for their LonMark™ profile as documented by the LonMark™ Interoperability Association. Bidder shall provide proof of ASC compliance for all the mandatory and all optional LonMark™ SNVTs. ASCs shall be based on the Echelon Neuron 3150 microprocessor working with the ASCs stand alone control program.
1. Units monitor or control each input/output point; process information; and download from the operator station.

2. Stand-alone mode control functions operate regardless of network status.  Functions include the following:

a. Peer to peer primary network level communications with automatic communications loss detection to maintain normal control functionality regardless of available network communications.

b. Discrete/digital, analog, and pulse input/output.

c. Monitoring, controlling, or addressing data points.

d. Appropriate LonMark™ profiles for specific unitary applications.

e. Support for all mandatory and optional LonMark™ Standard Network Variable Types (SNVTs) for their LonMark™ profile as documented by the LonMark™ Interoperability Association
f. Internal customizable safeties and limits to prevent third party LonMark™ tools from providing improper and unrealistic inputs to ASC’s.
3. Local operator interface port located on ASC and ASC sensor provides for download from or upload to portable workstation.  All Lon bus devices shall be accessible from either port.

4.
Communication: ASC’s shall communicate with the Building Controller and CAC’s at a baud rate of not less than 78.8K baud using LonTalk™ communications protocol (EIA 709.1).

B.
ASC – VAV Controller Functionality:
Controls shall be microprocessor based Pressure Independent Variable Air Volume Digital Controllers, as shown in the drawings.  The VAV ASC shall be a single integrated package consisting of a microprocessor, power supply, damper actuator, differential pressure transducer, field terminations, and application software.  An alternate model shall be offered that allows for direct connectivity to an external actuator for those applications that employ a non-butterfly style damper configuration.  All input/output signals shall be directly hardwired to the VAV ASC controller.  The internal actuator shall employ a manual override that allows for powered or non-powered adjustment of the damper position.  In all cases, the controller shall automatically resume proper operation following the return of power to, or control by the ASC. Programming, configuring and/or troubleshooting of input/output signals shall be easily executed through the ASC sensor or GP tool connected at the wall sensor location.

1. LonMark™ VAV profiles for including support for all mandatory and optional LonMark™ Standard Network Variable Types (SNVTs) as documented by the LonMark™ Interoperability Association

2. Troubleshooting of input/output signals shall be easily executed with the Graphical Programming tool or a volt-ohm meter (VOM). All I/O points shall be utilized by the local ASC or shall be available as I/O points for other controllers throughout the network.

3. The FMCS contractor shall provide VAV ASC to the VAV box manufacturer, for factory mounting.  The VAV terminal unit supplier shall include in its price all costs for mounting of VAV ASC controller, connection of actuator to damper shaft, wiring of device power, wiring of VAV ASC to fan (fan powered terminal) and wiring to electric reheat coils or reheat valve actuator as specified on drawing.

4.  The VAV terminal manufacturer shall provide a multi-point, averaging, differential pressure sensor mounted on the inlet to each VAV box.  The VAV terminal unit manufacturer shall supply a line to low voltage transformer, of sufficient capacity, to power the VAV ASC plus all reheat valves and/or contactors and fan circuits associated with the VAV terminal and actuator assemblies.  The FMCS contractor shall provide all reheat control valves to the mechanical contractor for mounting and piping.  The FMCS contractor shall provide and install all wiring between the valve and VAV ASC controller and between the room sensor and the VAV ASC controller.

C.
ASC VAV - Air Balancing. Through the portable Graphical Programming Tool, the VAV ASC shall support a fully prompted Air Balance sequence.  The Graphical Programming Tool shall, when connected through the wall sensor, access the connected VAV ASC unit. The air balance sequence shall step the balancing contractor through the checkout and calibration of the VAV ASC.  Upon completion of the balancing sequence, the flow values presented by the VAV ASC shall match those observed by the balancing contractor's measurement equipment.  Additionally, upon completion of the air balance, the balance settings shall be archived for future use if the controller were to require replacement.  Systems not able to provide a formatted air balance Graphical Programming Tool shall provide an individual full time during the Air-balancing process to assure full balance compliance.

2.7
SYSTEM SOFTWARE FEATURES

A.
General

1.
All necessary software to form a complete operating system, as described in this specification, shall be provided.

2.
The software programs specified in this section shall be provided as an integral part of the Digital Panel, and shall not be dependent upon any higher level computer for execution.

3.
This Contractor shall provide all software required for efficient operation of the automatic system functions required by this specification.  Software shall be modular in design for flexibility in expansion or revision of the system.  It is the intent of this specification to require provisions of a system which can be fully utilized by individuals with no, or limited, previous exposure to PC's and programming techniques and languages.  If the system to be provided requires the use of any modified BASIC, "C", PASCAL, or DRUM Language program, or writing "line" programming statements to modify operation or strategy in the system, the vendor shall provide unlimited, no charge, software modification and support for a period of five (5) years after the completion of the project in addition to the warranty period specified elsewhere. Systems which are factory programmed are unacceptable.

4.
The software in the system shall consist of both "firmware" resident in the direct digital controllers and "software" resident in the operator workstations.  The architecture of the system, and the application software/firmware shall be distributed with no single system component responsible for a control function for the entire Primary LAN.  Each Direct Digital Control unit shall contain the necessary firmware and I/O capability to function independently in case of a network failure.  No active energy management or environmental control sequences shall be resident in the PC workstations.  All PC workstations shall be removable from the system without loss of control function - only alarm monitoring, long-term history collection, and operator monitor/command/edit functions would be lost.

B.
GUI Server Application Software: Capability from all TAC VISTA operator stations for monitoring and controlling all of the points listed in the input/output point list must be provided through the LonTalk™ interface. The operator shall be able to monitor and access all points by means of clear concise English names without having to understand or reference hardware point locations or controller programs.  It is the intent of this specification that the owner’s daily tasks to operate and monitor all systems statewide occur from the existing TAC workstations.  Workstations described below are to be provided as system maintenance and repair tools. In addition to routing points listed in the I/O points list to the TAC VISTA workstations, any FMCS Contractor other than TAC must provide 4 desktop workstations and two laptop workstations.  FMCS Contractor must also provide all routers and devices necessary to provide access from each workstation to the systems. Each workstation must meet the following requirements.

1. Operating System:  The GUI shall run on Microsoft Windows NT Workstation 4.0, Service Pack 4, Windows 2000, or later.

2. The GUI shall employ browser-like functionality for ease of navigation.  It shall include a tree view (similar to Windows Explorer) for quick viewing of, and access to, the hierarchical structure of the database.  In addition, menu-pull downs, and toolbars shall employ buttons, commands and navigation to permit the operator to perform tasks with a minimum knowledge of the HVAC Control System and basic computing skills.  These shall include, but are not limited to, forward/backward buttons, home button, and a context sensitive locator line (similar to a URL line), that displays the location and the selected object identification.

3. Real-Time Displays.  The GUI, shall at a minimum, support the following graphical features and functions:

a) Graphic screens shall be developed using any drawing package capable of generating a GIF, BMP, or JPG file format. Use of proprietary graphic file formats shall not be acceptable. In addition to, or in lieu of a graphic background, the GUI shall support the use of scanned pictures.

b) Graphic screens shall have the capability to contain objects for text, real-time values, animation, color spectrum objects, logs, graphs, HTML or XML document links, schedule objects, hyperlinks to other URL’s, and links to other graphic screens.

c) Graphics shall support layering and each graphic object shall be configurable for assignment to one a layer.  A minimum of six layers shall be supported.

d) Modifying common application objects, such as schedules, calendars, and set points shall be accomplished in a graphical manner.

1) 
Schedule times will be adjusted using a graphical slider, without requiring any keyboard entry from the operator.

2) Holidays shall be set by using a graphical calendar, without requiring any keyboard entry from the operator.

4. System Configuration. At a minimum, the GUI shall permit the operator to perform the following tasks, with proper password access:

a.)
Create, delete or modify control strategies.

b.)
Add/delete objects to the system.

c.)
Tune control loops through the adjustment of control loop parameters.

d.)
Enable or disable control strategies.

e.)
Generate hard copy records or control strategies on a printer.

f.)
Select points to be alarmable and define the alarm state.

g.)
Select points to be trended over a period of time and initiate the recording of values automatically.

5. On-Line Help.  Provide a context sensitive, on-line help system to assist the operator in operation and editing of the system.  On-line help shall be available for all applications and shall provide the relevant data for that particular screen.  Additional help information shall be available through the use of hypertext. All system documentation and help files shall be in HTML format.

6. Security.  Each operator shall be required to log on to that system with a user name and password in order to view, edit, add, or delete data.  System security shall be selectable for each operator.  The system administrator shall have the ability to set passwords and security levels for all other operators.  Each operator password shall be able to restrict the operators’ access for viewing and/or changing each system application, full screen editor, and object.  Each operator shall automatically be logged off of the system if no keyboard or mouse activity is detected.  This auto log-off time shall be set per operator password.  All system security data shall be stored in an encrypted format.

7. System Diagnostics.  The system shall automatically monitor the operation of all workstations, printers, modems, network connections, building management panels, and controllers.  The failure of any device shall be annunciated to the operator.

C. 
Web Browser Clients

1. The system shall be capable of supporting at least 12 clients using a standard Web browser such as Internet Explorer™ or Netscape Navigator™.  Systems requiring additional software (to enable a standard Web browser) to be resident on the client machine, are only acceptable if 64 licensed copies of the client machine software are provided, installed, and tested.

2. The Web browser software shall run on any operating system and system configuration that is supported by the Web browser.  Systems that require specific machine requirements in terms of processor speed, memory, etc., in order to allow the Web browser to function with the FMCS, shall only be acceptable if 12 workstation or workstation hardware upgrades are provided.

3. The Web browser shall provide the same view of the system, in terms of graphics, schedules, calendars, logs, etc., and provide the same interface methodology as is provided by the Graphical User Interface.  Systems that require different views or that require different means of interacting with objects such as schedules, or logs, shall not be permitted.

4. The Web browser client shall support at a minimum, the following functions:

a. User log-on identification and password shall be required. If an unauthorized user attempts access, a blank web page shall be displayed.  Security using Java authentication and encryption techniques to prevent unauthorized access shall be implemented.  

b. Graphical screens developed for the GUI shall be the same screens used for the Web browser client.  Any animated graphical objects supported by the GUI shall be supported by the Web browser interface.

b. HTML programming shall not be required to display system graphics or data on a Web page.  HTML editing of the Web page shall be allowed if the user desires a specific look or format.

c. Storage of the graphical screens shall be in the Building Control Units (BC), without requiring any graphics to be stored on the client machine.  Systems that require graphics storage on each client are not acceptable.

d. Real-time values displayed on a Web page shall update automatically without requiring a manual “refresh” of the Web page.

e. User’s shall have administrator-defined access privileges.  Depending on the access privileges assigned, the user shall be able to perform the following:

1) Modify common application objects, such as schedules, calendars, and set points in a graphical manner.

2)
Schedule times will be adjusted using a graphical slider, without requiring any keyboard entry from the operator.

3)
Holidays shall be set by using a graphical calendar, without requiring any keyboard entry from the operator.

4)
Commands to start and stop binary objects shall be done by right-clicking the selected object and selecting the appropriate command from the pop-up menu.  No entry of text shall be required.

5)
View logs and charts

6)
View and acknowledge alarms

g.
The system shall provide the capability to specify a user’s (as determined by the log-on user identification) home page.  Provide the ability to limit a specific user to just their defined home page.  From the home page, links to other views, or pages in the system shall be possible, if allowed by the system administrator.

h.
Graphic screens on the Web Browser client shall support hypertext links to other locations on the Internet or on Intranet sites, by specifying the Uniform Resource Locator (URL) for the desired link.

2.10
ELECTRIC CONTROL WIRING

A.
Provide control wiring without splices between terminal points, color-coded.  All wiring shall be in accordance with ANSI/NFPA 70, “National Electrical Code.”

B.
Provide circuits over 25-volt with color-coded No. 12 THHN wire in electric metallic tubing.

C.
Provide circuits under 25-volt with color-coded No. 18 THHN wire and 0.031” high  temperature plastic insulation on each conductor and plastic sheath overall.

D.
Provide electronic circuits with color-coded twisted pair No. 18 wire with 0.023” polyethylene insulation on each conductor with plastic jacketed copper shield overall.  Shield shall be grounded at a point separate from other voltages.

E.
Provide all circuits in return air plenums and in exposed locations in electric metallic tubing.  At Contractor’s option, under 25 volt in return air plenums may be run with plenum cable in accordance with NEC 725.2 (b) and UL 910 latest edition.

2.11
CARBON DIOXIDE SENSORS


CO2 level tracer gas sensing shall be accomplished with a common detector employing duct air CO2 concentration level detection and sampling techniques for OA, RA, and SA.  The sensing technique shall provide consistent operating data, which for accuracy requirements is updated at least once per minute.  The data gathering and dissemination technique shall also be arranged so as to maintain accurate detection and associated air flow control with a minimal need for calibration (through deployment of common sensing, without added maintenance costs attributable to other forms of multi-device/multi-location techniques). CO2  sensing techniques shall be accurate to + 100 ppm per year and be suitable for use with typical HVAC system air flow stations(s) etc., described elsewhere in this specification.

2.12
DAMPERS

A.
Damper Construction:  incorporate blades equipped with steel shafts and operating in bearings in damper frame, arranged so that all linkages are encased in side channels of frame to decrease friction and eliminate air noise.


1.
Frames:  16 gauge ( minimum) galvanized steel.

2.
Blades:  not exceed 6” in width; be double thickness 22 gauge (minimum) or single thickness 16 gauge (minimum) galvanized steel.

3.
Bearings:  nylon, equipped with oil impregnated sintered iron bushings.

4.
Seals:  installed on all blade edges and frame top and bottom, synthetic elastomer; installed for blade ends, stainless steel.

B.
Damper Design:  provide for tight shut-off, arranged so that leakage does not exceed 1% at a 4” w.g. pressure differential when delivering scheduled system volume.

C.
All Dampers for Modulating Control:  proportioning type with adjacent blades rotating in opposites directions.
D.
All Dampers for Two Position Action:  have blades arranged for parallel rotation.

2.13
DAMPER AND VALVE ACTUATORS

A.
Actuators shall be direct coupled, brushless DC motor type which require no crank arm and linkage.  The actuator shall provide 0 - 10 VDC, 0 - 2 V phased cut or 4 - 20 mA proportional control or two position control or pulse width modulation or Tri-State control as dictated by HVAC application and sequences of operation. Actuators shall be designed for either clockwise or counterclockwise fail-safe operation, have a manual positioning mechanism and control direction of rotation switch.  Run time shall be constant and independent of torque.  A 2 to 10 VDC feedback signal shall be provided for position feedback or master-slave applications.

B.
Actuators shall be UL listed and CSA certified, protected from overload at all angles of rotation and manufactured under ISO 9001 quality control standards.

C.
All actuators on fresh air, return air and face and bypass dampers and valves shall be spring return to their normally open or closed position in the event of power failure.

D.
Damper Actuators:  minimum 50% oversized for long life and increased reliability; to be mounted outside the airstream.

E.
All actuators shall be electric or electronic and designed to interface with the Direct Digital Control System.

PART 3 - CONTROL SEQUENCES OF OPERATION

3.1
WORK INCLUDED

A.
The sequence described herein shall be strictly adhered to as to the scope of the operation.  All required devices to accomplish these sequences shall be furnished whether specified or not. All devices not furnished by equipment manufacturers shall be supplied by the Temperature Control Contractor.


B.
Systems include:

1.
Air Handling Units (VAV and Constant Volume)

2.
VAV Terminal Units with Electric Heating 


3.
Exhaust Fans

4.
Electric Unit Heaters 

5.
Start-up/Testing

6.
Training

3.2
SYSTEM DESIGN & ARCHITECTURE

A.
Furnish and install a temperature control and facilities automation system consisting of direct digital control of primary mechanical equipment and terminal equipment, operator interface equipment.

B.
For other than TAC systems provide specified color graphic PC workstations to allow access to each Digital Control Unit and Application Specific Controller and each controller’s digital program and software; a portable operator’s terminal for local operator system interface.

C.
Provide necessary hardware and software for the owner or his representative to communicate with this building from a remote location via the Internet and the owner’s Ethernet as described elsewhere in this specification.
 D.
Install a communications network to link the Digital Control Units, Application Specific Controllers, and other associated terminal controllers to the TAC VISTA workstations.  Provide all programming necessary to serve all points listed in the I/O table to the TAC supplied, 527 LonTalk router in standard LonMark protocols as described elsewhere in this specification.


E.
Furnish the input/output points, for each of the systems described below or in the plans, to the TAC VISTA workstations. The I/O table shall represent the minimum points to be viewable at the TAC VISTA workstations. Additional points that the owner may require shall be provided as needed to achieve the owner’s monitoring and control requirements and shall be supplied by the FMCS Contractor for no additional charge.

3.3
CONSTANT VOLUME AHU
A.
Unit fan shall be started and stopped through the Hand-Off-Auto switch on the cover of the magnetic motor starter based on a time schedule from the DDC/FMS  Once the unit fan is energized the automatic temperature control system shall be placed in operation and the outside air damper shall open.   

B.
Duct smoke detectors located in the supply air stream and the return air stream shall signal the Fire Alarm System to de-energize the unit fan should particles of combustion are sensed.  Duct detectors are furnished and installed by Fire Alarm Contractor.

C.
A space sensor shall modulate the chilled water valve and energize the stages of electric heat as required to maintain a setpoint of 74 degrees F (adj).

D.
A manual reset, low limit thermostat, shall de-energize the unit fan and close the outside damper if the mixed air temperature falls below 35 degrees F.

E.
An indoor air quality sensor/transmitter mounted in the space shall override the minimum position of the outside air damper and modulate the damper as required to maintain a space setpoint of  + 800 ppm for CO2 and a setpoint of + 20 ppm for CO.  Should either of these limits be exceeded, an audio/visual alarm shall be sounded at the EMC panel and/or a location determined by the owner.  


F.

When the AHU is off and the space temperature falls to 60 degrees F(adj), the unit fan shall be energized, the outside air damper shall remain closed, and the space thermostat shall energize the electric reheat coil to maintain a night setback temperature of 60 degrees F (adj).  When the AHU is off and the space temperature rises to 85 degrees F(adj), the unit fan shall be energized, the outside air damper shall remain closed, and the space thermostat shall modulate the chilled water valve  to maintain a night setup temperature of 85 degrees F (adj).   

G.
Should the space humidity rise above 60%(adj) during unoccupied hours, the unit fan shall be energized to maintain an acceptable space humidity of 60 % RH (adj).  When the unoccupied setpoint of 60 % is reached, the AHU shall be de-energized.  

H.
AHU shall be overridden on during normal unoccupied hours from override timer on the face of the panel.  Outside air damper shall remain closed during override conditions.

I.
Install and wire the UVC lights along with the necessary safety switches. 

3.4
VARIABLE AIR VOLUME AHU      

A.
Unit fan shall be started and stopped through the Hand-Off-Auto switch on the cover of the Variable Frequency Drive.  Upon a signal from the DDC/FMS to energize the unit fan, the outside air damper shall open to its minimum position, and the automatic temperature control system shall be placed in operation.  

B.
Duct smoke detectors located in the supply air stream and the return air stream shall signal the Fire Alarm System to de-energize the unit fan should particles of combustion are sensed.  Duct detectors shall be furnished and installed by Fire Alarm Contractor.  

C.
A discharge air sensor shall modulate the 2-way chilled water control valve to maintain a discharge air temperature setpoint of 55 degrees F (adj).  

D.
A static pressure sensor located 2/3 down the supply air duct shall modulate the VFD to maintain a setpoint of 1.5” wg (adj.).

E.
A manual reset, low limit thermostat shall deenergize the unit fan and close the outside damper if the mixed air temperature falls below 35 degrees F.  

F.
A manual reset, high limit static pressure safety switch shall deenergize the unit fan should its setpoint of 3.5 “ wg (adj) be reached.  

G.
An indoor air quality sensor/transmitter mounted in the space shall override the minimum position of the outside air damper and modulate the damper as required to maintain a space setpoint of  + 800 ppm for CO2 and a setpoint of + 20 ppm for CO.  Should either of these limits be exceeded, an audio/visual alarm shall be sounded at the SSCC panel and/or a location determined by the owner.  


H.
Individual DDC room thermostats shall maintain the room temperature setpoint of 74 degrees F (adj) cooling and 72 degrees F (adj) heating by modulating the VAV box DDC damper actuator and the electric reheat coil.  

I.
When the AHU is off and the space temperature falls to 60 degrees F, the unit fan shall be energized, the outside air damper shall remain closed, and the VAV boxes thermostats shall energize their respective electric reheat coils to maintain a night setback temperature of 60 degrees F (adj).   When the AHU is off and the space temperature rises to 80 degrees F(adj), the unit fan shall be energized, the outside air damper shall remain closed, and the VAV boxes thermostats shall modulate their respective actuators to maintain a night setup temperature of 80 degrees F (adj).   

J.
Should the space humidity rise above 60% during unoccupied hours, the unit fan shall be energized and the outside air damper shall open to its minimum position.  The VAV thermostats shall modulate the VAV boxes and/or reheat valves to maintain a humidity setpoint of 60%.  When setpoint is reached, unit fan shall be deenergized.

K.
Install and wire the UVC lights along with the necessary safety switches. 

3.5
VARIABLE AIR VOLUME AHU WITH BACKUP DX COIL AND CONDENSING UNIT      

A.
Unit fan shall be started and stopped through the Hand-Off-Auto switch on the cover of the Variable Frequency Drive.  Upon a signal from the DDC/FMS to energize the unit fan, the smoke dampers in the supply and return ducts shall open.  Once the smoke dampers are open as determined by the respective end switches, the unit fan shall be energized, the outside air damper shall open to its minimum position, and the automatic temperature control system shall be placed in operation.  

B.
Duct smoke detectors located in the supply air stream and the return air stream shall signal the Fire Alarm System to de-energize the unit fan should particles of combustion are sensed.  Duct detectors shall be furnished and installed by Fire Alarm Contractor.  

C.
A discharge air sensor shall modulate the 2-way chilled water control valve to maintain a discharge air temperature setpoint of 55 degrees F (adj).  

D.
A static pressure sensor located 2/3 down the supply air duct shall modulate the VFD to maintain a setpoint of 1.5” wg (adj.).

E.
A manual reset, low limit thermostat shall deenergize the unit fan and close the outside damper if the mixed air temperature falls below 35 degrees F.  

F.
A manual reset, high limit static pressure safety switch shall deenergize the unit fan should its setpoint of 3.5 “ wg (adj) be reached.  

G.
A CO2 sensor/transmitter mounted in the return air shall override the minimum position of the outside air damper and modulate the damper as required to maintain a return air setpoint of  + 900 ppm.   

H.
Individual DDC room thermostats shall maintain the room temperature setpoint of 74 degrees F (adj) cooling and 72 degrees F (adj) heating by modulating the VAV box DDC damper actuator and the electric reheat coil.  

I.

When the AHU is off and the space temperature falls to 60 degrees F, the unit fan shall be energized, the outside air damper shall remain closed, and the VAV boxes thermostats shall energize their respective electric reheat coils to maintain a night setback temperature of 60 degrees F (adj).   When the AHU is off and the space temperature rises to 80 degrees F(adj), the unit fan shall be energized, the outside air damper shall remain closed, and the VAV boxes thermostats shall modulate their respective actuators to maintain a night setup temperature of 80 degrees F (adj).   

J.
Should the space humidity rise above 60% during unoccupied hours, the unit fan shall be energized and the outside air damper shall open to its minimum position.  The VAV thermostats shall modulate the VAV boxes and/or reheat valves to maintain a humidity setpoint of 60%.  When setpoint is reached, unit fan shall be deenergized.

K.
Upon a loss of power to the central plant, the emergency DX coil and its respective condensing unit shall be energized to maintain a discharge air temperature setpoint of 55 degrees F (adj).  

L.
Install and wire the UVC lights along with the necessary safety switches. 

3.6
DDC VARIABLE AIR VOLUME BOXES 

A.
Each VAV box shall be controlled by its own terminal equipment controller.  The terminal equipment controller shall modulate the supply air damper or electric reheat coil as required to maintain temperature setpoint.  The supply air volume will be limited by the minimum and maximum air volume settings. 

B.
During the Unoccupied Mode, the terminal equipment controller shall be reset to Occupied Mode for an operator determined time period.  This reset shall be activated by a signal from a local override switch on each room temperature sensor or by command from the operator's terminal.  If each room sensor does not include this override switch capacity, an override switch shall be provided and installed at each room sensor location.  At the end of the operator determined time period, the terminal equipment controller shall return to the Unoccupied Mode. 

C.
All parameters (minimum/maximum velocity setpoint, space temperature) shall be obtainable and updated from the operator's terminal by plugging into the local thermostat.  

3.7
OUTSIDE AIR UNIT 

A.
Unit fans shall be started and stopped through the Hand-Off-Auto switch on the cover of the magnetic motor starter based on a time schedule from the DDC/FMS  Panel.  Once the unit fan is energized the automatic temperature control system shall be placed in operation, the outside air damper shall open and the Heat Wheel shall be energized any time the AHU is energized.

B.
The chilled water control valve, the electric preheat coil and the electric reheat coil shall be modulated to maintain a discharge setpoint of 55 degrees F to the outside air intake of the AHU’s when the outside air temperature is above 60 degrees F.  When the outside air temperature is below 60 degrees F, the discharge air setpoint shall be 70 degrees F.  

C.
A manual reset, low limit thermostat, shall deenergize the unit fan and close the outside damper if the discharge air temperature falls below 35 degrees F.

D.
Space humidity sensors shall override the space temperature sensors and modulate the chilled water valve as require to maintain space humidity setpoint of 55% RH (adj.).  The controlling setpoint shall be an average between the sensors.   

E.
Space mounted temperature sensors shall modulate the chilled water valve and the reheat coil as required, to maintain space setpoint of 72 degrees F(adj.).  The controlling setpoint shall be an average between the two sensors.   

F.
A duct mounted smoke detector located in the pure supply air stream shall de-energize the unit fan when particles of combustion are sensed.  The detector shall also send a signal to the fire alarm system to annunciate that system.

G.
When the unit fan is de-energized, the automatic control system shall be inoperable.
H.
Install and wire the UVC lights along with the necessary safety switches. 

3.8
CHILLED WATER SYSTEM   

A.
A start signal is given from the DDC/FMS to the Lead Chilled Water Pump and the lead condenser water pump. When flow is proven through  differential pressure switchs, the Lead Chiller shall be energized. The chiller shall then cycle around its internal controls to maintain a primary loop chilled water supply setpoint of 45 degrees F (adj). Should the primary chilled water loop temperature rise to 48 degrees F (adj), the second Chilled Water Pump and condenser water pump shall be energized.  When flow is proven through its differential pressure switchs, the second Chiller shall be energized. The chiller shall then cycle around its internal controls to maintain a primary chilled water loop supply setpoint of 45 degrees F (adj). Should the primary chilled water loop temperature rise to 51 degrees F (adj), the third Chilled Water Pumpand condenser water pump shall be energized.  When flow is proven through its differential pressure switchs, the third Chiller shall be energized. The chiller shall then cycle around its internal controls to maintain a primary chilled water loop supply setpoint of 45 degrees F (adj). The reverse sequence shall occur upon a drop in primary loop temperature.

B.
A differential pressure transmitter shall modulate the Secondary Chilled Water Pump VFD to maintain a differential pressure setpoint in the chilled water secondary building loop.  Upon a demand for more chilled water to the buildings, the VFD shall ramp up.  Upon a decrease in demand for chilled water to the building, the VFD shall ramp down.  The balancing contractor shall determine the location of the differential pressure sensing points and the setpoint.

C.
A differential pressure transmitter in each respective tertiary chilled water loop shall modulate its respective Tertiary Chilled Water Pump VFD to maintain a differential pressure setpoint in the chilled water tertiary building loop.  Upon a demand for more chilled water to the building, the VFD shall ramp up.  Upon a decrease in demand for chilled water to the building, the VFD shall ramp down.  The balancing contractor shall determine the location of the differential pressure sensing points and the setpoint.

3.9  
CONDENSER WATER SYSTEM

A start signal shall be given from the DDC/FMS to the Lead Cooling Tower Fan-1 VFD which shall ramp as required to maintain a condenser water return temperature of 85 degrees F (adj.).  Should the condenser water return temperature rise above 84 degrees F (adj.), CTF-2 VFD shall be energized.  CTF-1 shall run at 100% and CTF-2 shall ramp as required maintain condenser water return temperature of 85 degrees F. Should the condenser water return temperature continue to rise above 84 degrees F (adj.), CTF-3 VFD shall be energized, CTF-1 and CTF-2  shall run at 100% and CTF-3 shall ramp as required maintain condenser water return temperature of 85 degrees. When condenser water return falls to 84 degrees F (adj.), the reverse shall occur to maintain condenser water temperature.   CTF-1 CTF 2 and CTF-3 shall rotate in a lead position  application every month so as to try and equalize runtime on all three fans.  A Cooling tower bypass valve shall also be installed and shall modulate to maintain condenser water setpoint 85 degrees F (adj.).


3.10
ATRIUM SMOKE CONTROL SYSTEM.

A.
The smoke control fans shall be energized on a signal from the Fire Alarm system. 

B.
Upon activation of the Smoke control Fans all air handling Unit Fans and the Outside Air Heat Recovery unit fan shall be energized.

3.11
ELECTRIC UNIT  HEATER CONTROL 


Integral space thermostat shall cycle unit fan and stage electric heating coil to 


maintain space temperature setpoint.
3.12
FAN COIL UNITS

A.
Unit shall be energized be the space thermostat. 

B.
If space temperature is above set point the chilled water valve shall open to reach set point.

C.
If space temperature is below set point the electric heating coil shall be energized to reach set point.

D.
The unit fan shall cycle around the thermostat setting. 

3.13 
INFRA-RED HEATING UNITS
The space thermostat shall open the gas valve when the space is below set point, and close the valve when set point is reached.
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