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Dear Industry Professional
LonMark Americas is working hard to provide the resources necessary to successfully implement LonWorks® Open Systems. Over the past year a team of committed volunteers has spent countless hours working to evaluate and create the tools needed to make the process of specifying, enforcing, and implementing an open system easier.

To that end, attached is the first in a series of resources available to you. It is a full LonWorks, open guide specification designed to be the foundation of a fully integrated open system. We suggest using this as a guide specification, modifying where necessary for a specific project. This document is available in its original Word format such that it can be edited or extraced into other documents. We request that if you are to distribute this document, that you do so in its entirety. 
You will notice that there are no products, manufacturers, or recommended suppliers listed. In the true nature of the mission of LonMark®, we believe there is opportunity for all to work together to create solutions for the common good without limitations. LonMark offers the world choices; choices in vendors, in products, in integrators, and in service after the sale. A good open specification will take advantage of this. For recommended suppliers we suggest visiting the LonMark website for a complete list of certified products: www.lonmark.org/products
If you have any questions, comments, suggestions for additions or revisions, please direct them to me and the committee will take the action to review and revise this document periodically.

Also, watch the LonMark Americas website for new resources coming and for upcoming events, news, and activities. We are here to serve our valued membership. Please let us know how we are doing and consider getting involved in helping move the industry forward.

Sincerely,
[image: image1.png]Ko Bernse




Ron Bernstein

Vice Chairman, LonMark Americas

Education Committee Chair

mailto:ronb@lonmarkamericas.org

LONMARK
Facility Automation System

Master Specification

Division 15 (15950)
Revisions Information:
1.0 Released December 1, 2005
1.1 Minor editing, wording, formatting March 22 2006

1.2 Table of Contents edits September 1, 2008

 61)
GENERAL


6a)
Definitions


9b)
Abbreviations


10c)
Description


14d)
Summary of work


15e)
Other services


16f)
References


17g)
Products furnished but not installed under this section


172)
Quality Assurance


17a)
General


17b)
Contractor Qualifications


18c)
Hardware and Software Component Manufacturer Qualifications


193)
Acceptable manufacturers of the hardware and software


194)
Reference Standards


19a)
General


19b)
Submittals


20c)
Shop Drawings


20d)
Close-Out Documents


20e)
Operation and Maintenance manuals


21f)
Instruction of owner operating personnel


21g)
Acceptance procedure (Commissioning)


22h)
Warranty


22i)
Product delivery, storage and handling


225)
LON Products


22a)
Remote access


23b)
Web servers (If required)


231)
Functionality


232)
Software licensee


233)
Event alarm notification and actions


244)
Data logging and storage


245)
Security and user administration


246)
Web browser clients


25c)
Programmable control unit  (PCU)


251)
General requirements


262)
Service (health) indication lamp(s) Input/Output requirements


263)
Accessories


264)
Programmable controller software


27d)
Terminal device control unit (TDCU)


271)
General Requirements


282)
TDCU Software


29e)
Network interfaces, LON routers, bridges repeaters and transceivers


291)
Internet servers, Routers, Bridges and Repeaters


296)
Electronic input/output devices


29a)
Temperature Sensors and Transmitters


291)
General Sensor & Transmitter Requirements


302)
Thermowells


303)
Outside Air Sensors


304)
Duct Type Sensors


315)
Averaging Duct Type Sensors


316)
Intelligent LonWorks Room Sensors


31b)
Relative Humidity Sensors/Transmitter


31c)
General Air and Water Pressure Transmitter Requirements:


321)
Low Air Pressure Applications (0 to 0.5” WC)


322)
Flow, Pressure, and Electrical Measuring Apparatus


333)
Shielded Static Pressure Sensor


334)
Static Pressure Traverse Probe


335)
Venturi Flow meter


34d)
Current Transformers


34e)
Current Sensing Switches


34f)
Electronic Valve & Damper Actuators


341)
General Requirements


352)
Combination Smoke and Fire Damper Actuators


353)
Control Valve Actuators (3 inch and smaller)


354)
Control Valve Actuators (4 inch and larger).


37g)
Control valves


371)
General Control Valve Requirements


37h)
Switches


371)
Current Sensing Switches


38i)
Electrical control power and low voltage wiring


38j)
Network Communication Requirements


38k)
Input/Output Control Wiring


392)
Splices


39l)
Conduit and Fittings


39m)
Relays


392)
Solid State Relays (SSR)


403)
Contactors


407)
FAS Hardware identification


40a)
Automatic Control Valve Tags


40b)
Wire Tags


40c)
Conduit Tags


40d)
Miscellaneous Equipment Identification


418)
User interface software


41a)
Basic Conventional Operators Workstation software


41b)
Custom Application Programming Features


42c)
Optional Telephone Interface Software


429)
User Interface/Operator Work Station (OWS) Hardware


4310)
Execution


43a)
EXAMINATION


43b)
General installation requirements


44c)
Electrical system installation


4611)
Sequence of operations


46a)
General


46b)
Temperature sensors


4712)
Cleaning


4713)
Protection


4814)
Checkout, start-up and testing


4815)
Acceptance


4816)
SCHEDULE OF RESPONSIBILITIES


502)
Notes to Schedule of Responsibilities:


(1) 


SECTION 15950 - HVAC CONTROLS

Define General Scope of Work here

2) GENERAL

a) Definitions

(1) Alarm: Notification of an abnormal condition.

(2) Algorithm: A logical procedure for solving a recurrent mathematical problem.

(3) Analog: A continuously varying signal value (temperature current, velocity, etc.)

(4) Application Generic Controller (AGC): A networked device or node that contains a complete, configurable application that is generic in nature and suited for various control tasks. The device manufacturer produces this application. The manufacturer exposes a high number of network variables and configuration properties on the device to allow the specific use of the device to be configured with network tools.

(5) Application Specific Controller (ASC): A networked device or node that contains a complete, configurable application that is specific to a particular task. This application is normally produced by the device manufacturer and contains a number of configuration parameters that may be adjusted by network tools.

(6) Binary: A two-state system where an "on" condition is represented by a high signal level and an "off" condition is represented by a low signal level.

(7) Bridge: A device that routes messages or isolates message traffic to a particular segment sub-net or domain of the same physical communication media.

(8) Building Automation System (BAS): The complete facility control system comprised of all mechanical system automation, and automatic temperature control, etc., as defined in the contract documents. The BAS is built upon a single network infrastructure based upon LonWorks Network Services. This infrastructure may include field wiring, LON wiring, routers, bridges, raceways, and gateways as required connecting non-interoperable subsystems and devices.

(9) Channel: A physical media serving a number of nodes. All nodes on any given channel ‘hear’ messages produced by other nodes on the channel. The network configuration and node application program determines whether or not a device responds to the messages.

(10) Control Unit: A LonWorks control product that handles multiple inputs and outputs and more than one control loop. May utilize a supplemental general-purpose microprocessor in addition to the Neuron chip to perform additional functions or software applications.

(11) Control Wiring: Includes conduit, wire and wiring devices to install complete control systems including motor control circuits, interlocks, thermostats, EP and PE switches and like devices. Includes all wiring from Intelligent Devices and Controllers to all sensors and points defined in the input/output summary shown on the drawings or specified herein and required to execute the sequence of operation.

(12) Custom Application Controller (CAC): Programmable control product that incorporates solid-state components based upon the ANSI/CEA 709.1 protocol to perform control loops or functions. The application in the controller is custom software produced by the Control System Contractor specifically for the project. These applications shall conform to the LonWorks functional profiles and interoperability standards. Complete documentation including object diagrams, Device Resource Files (DRF), and External Interface Files (XIF) must be submitted EOR (Engineer of Record) when such devices/controllers are used.

(13) Deadband: A temperature range over which no heating or cooling energy is supplied, such as 72-78 degrees F, i.e. as opposed to single point changeover or overlap.

(14) Device Resource File: External Interface files and Lon plug-ins that are required to display manufacturer’s defined network variables or configuration parameters correctly.

(15) Distributed Control: A system whereby all control processing is decentralized and independent of a central computer.

(16) Diagnostic Program: A machine-executable program with instructions used to detect and isolate system and component malfunctions.

(17) Domain: A domain is logical collection of nodes on one or more channels. Communications can only take place among nodes configured in a common domain; therefore, a domain forms a virtual network. Multiple domains can occupy the same channels, so domains may be used.

(18) Gateway: A device that contains an I/O software driver to translate data from other protocols to the conforming LonWorks standard. 

(19) Graphical User Interface (GUI): A graphical subset of operator interfaces.

(20) HVAC Control Systems: The complete LonWorks Control System comprising User Interface, routers, gateways, repeaters, Control Units (CU), software, portable operators terminals, network communications wiring and raceways, and required field hardware, etc.

(21) Intelligent Devices: A LonWorks product that is configured to provide control over a single control loop or to monitor a single or multiple control variable(s); incorporates solid-state components based upon the LonTalk protocol to perform dedicated functions (ex: actuators, sensors, and switches). 

(22) LonWorks: General purpose direct digital control technology platform originally developed by Echelon Corporation and now controlled by ANSI and LonMark. The technology employs routers, gateways, bridges, and multimedia transceivers to permit topology and media independent control solutions comprised of multiple interoperable devices.

(23) LonMark International (LMI)/LonMark Americas (LMA): An international member based, non-profit organization with committees of numerous independent product developers, systems integrators, engineers, and end users dedicated to determine and maintain the interoperability guidelines for the LonWorks industry. LMI tests and certifies devices for interoperable compliance.

(24) Man-Machine Interface (MMI): A graphical, object-oriented method by which an operator is capable of communicating with the system. The Man-Machine interface allows the operator to manage, control, monitor, and configure the system.

(25) Network: A system of distributed control devices that are linked together on a communication bus. A network allows sharing of point information between all control devices. Additionally, a network may provide central monitoring and control of the entire system from an MMI/GUI.

(26) Node: An intelligent device attached to the network. Usually falls into one of the following categories - sensor, actuator, ASC, AGC, CAC.

(27) Operator Interface: A device combination of hardware and software, (PC, laptop or display terminal) which provides client access to the control system, primarily used for network management, configuration, and diagnostics.

(28) Operating System (OS): Software which controls the execution of computer programs.

(29) Peripheral: External devices used o communicate to and from a computer. Peripherals include CRT, printer, hard drives, disk drives, modems, etc.

(30) Point: Group of data, which corresponds to a hardware input, output, or calculated value.

(31) Portable Operator's Terminal (POT): Laptop/tablet device that allows local and remote access to the local control network.

(32) Router: A device that routes or forwards messages destined for a node on another subnet or domain of the control network. The device controls message traffic based on node address and priority. Routers may also serve as communication interfaces between different channel media. (i.e., powerline, twisted pair, Ethernet\TCP\IP, and RF)

(33) Segment: A set of channels connected by bridges or repeaters. A node sees every packet from every other node on its segment.

(34) Sensor: Device capable of measuring the condition or value of a variable.

(35) Software: Programs and routines used to extend the capabilities of computers hardware.

(36) Subnet: A subnet is a logical collection of up to 127 nodes within a domain. Up to 255 subnets can be defined within a single domain. All nodes in a subnet must be on the same segment. Subnets cannot cross-intelligent routers.

(37) XIF Files: The external interface files created in Neuron C defining the LonMark product’s network variables, message tags, and hardware related parameters.

b) Abbreviations

(1) AGC

Application Generic Controller

(2) ASC

Application Specific Controller

(3) BAS

Building Automation System

(4) BMS

Building Management System

(5) CAC

Custom Application Controller

(6) COS

Change of State

(7) CPU

Central Processing Unit

(8) DDC

Direct Digital Controller

(9) DPR

Damper

(10) DPU

Digital Point Unit

(11) DRF

Device Resource File

(12) DWGS 
Drawings

(13) EMCS 
Energy Monitoring Control System

(14) EP

Electric-pneumatic

(15) FAS

Facility Automation System
(16) FPB

Fan Powered VAV Box

(17) FPM

Feet per minute

(18) FACP 
Fire Alarm Control Panel

(19) FCC

Fire Command Center

(20) FMS

Fire Management System

(21) GPM

Gallons per minute

(22) GUI

Graphical User Interface

(23) HVAC 
Heating, Ventilating and Air Conditioning

(24) ITC

Intermediate Telecommunications Closet

(25) I/O

Input/Output

(26) LON

Local Operating Network

(27) LNS

LonWorks Network Services

(28) NSS

Network Services Server

(29) NSI

Network Services Interface

(30) NFPA 
National Fire Protection Association

(31) OI

Operator interface

(32) OS

Operating System

(33) OWS

Operating Work Station

(34) PE

Pneumatic-electric

(35) PID

Proportional Integral Derivative

(36) PRV

Pressure Reducing Valve

(37) PSI(g)
Pounds per square inch (gauge)

(38) RAM

Random Access Memory

(39) SCADA
Supervisory Control and Data Acquisition System

(40) TCS

Temperature Control System

(41) TCC

Temperature Control Contractor

(42) UL

Underwriters’ Laboratory

(43) VAV

Variable Air Volume

(44) VCS

Voice Communication System

(45) WC

Water Column

(46) XIF

External Interface File

c) Description

This section defines the Basic Materials and Methods provided by the Controls Contractor and used in the installation of LonWorks Control products to provide the functions necessary for control of the mechanical systems on this project. Please be advised that the requirements of this specification will be strictly enforced. Systems that do not meet the requirements of the specification as outlined below (section 1.1 in particular) will not be accepted.

(1) Provide a Facility Management and Control System incorporating LonWorks, Direct Digital Control (DDC), equipment monitoring, and control consisting of microprocessor based plant control processors interfacing directly with sensors, actuators, and environmental delivery systems (ie. HVAC units); electric controls and mechanical devices for all items indicated on drawings described herein including dampers, valves, panels, sensing devices; a primary communications network to allow data exchange between microprocessor based devices.

(2) The system will consist of a flat, open architecture that utilizes the ANSI/CEA 709.1 (LonTalk™) Protocol as the common communication protocol between all controlled and controlling devices. Where necessary or desired, LonTalk packets may be encapsulated into TCP/IP messages to take advantage of existing infrastructure or to increase network bandwidth. Hierarchal systems consisting of master or global controllers that poll and/or control less intelligent unitary controllers on a secondary bus will not be considered. 

(3) The entire system network shall be a Local Operating Network (LON).  All nodes shall communicate with each other utilizing ANSI/CEA 709.  There will be no consideration given to any network which does not use LonWorks as the primary communications network. Controllers shall be capable of sharing standard network variable data with other LON-based devices.

(4) Controllers shall implement the full ANSI/CEA 709.1 “LonTalk” protocol. Controllers must meet all of the requirements of this standard and must adhere to all of the protocol definition set forth by ANSI. All controllers shall be able to co-exist and interoperate on the LonWorks network without interfering or limiting other controller’s functionality.  Controllers shall be able to be installed by any standard LonWorks Network Services (LNS) based network management tool.

(5) The system installed shall seamlessly connect devices other than HVAC throughout the building regardless of subsystem type, i.e. HVAC, lighting, and security devices should easily coexist on the same network channel with out the need for gateways. Use of ANSI/CEA-852 layer 3 transparent routers is the only acceptable method spanning multiple channels and is the recommended method for system scalability. These components shall share common software for network communications, configuration, time scheduling, alarm handling, history logging, and custom programming.  Any routers required by the system shall be supplied and commissioned as part of this specification. 

(6) Gateways shall not be used unless specifically authorized in writing. Use of a gateway requires submittal of the documentation as required by the owner or owner’s representative. It is the intent of this specification that gateways be limited to integrating legacy systems where applicable. Acceptance of gateways is at the sole discretion of the owner.

(7) System Monitoring shall be provided through the installation of Graphical User Interface (GUI) software applications that support a direct driver to the LonWorks database or through web browser based devices. The GUI shall provide complete access to any point in the system at any time. A complete and fully commissioned LNS database must be delivered for use with the GUI as a specific deliverable as defined on the project schedule. This database must include ALL node definitions, ALL channel and subnet definitions, all router and repeater definitions, and all bindings etc.

(8) The control system shall be designed such that mechanical equipment will be able to operate under stand-alone control.  Functional methodology such as scheduling, trending, and alarming shall be outlined fully in your submittal documentation. Methodology must follow pertinent and applicable LonMark guidelines. Controllers that require a master computer or controller to perform basic functions are not acceptable. In the event of a network communication failure, or the loss of any other controller on the LON network, the control system shall continue to independently operate under control of the resident program stored in nonvolatile memory as detailed herein. 

(9) The documentation contained in this section and other contract documents pertaining to HVAC Controls is schematic in nature.  The contractor shall provide all required hardware and software necessary to implement the functions shown or as implied in the contract documents.

(10) System configuration and monitoring will be performed via a PC-type computer.  Under no circumstances shall the PC be used as a control device for the network.  It can be used for storage of data, network management, and as a GUI.  If the PC is taken off line, the control system shall continue to operate fully.

(11) All LonWorks devices (controllers, sensors, actuators, etc) shall be integrated into one common network infrastructure utilizing a common network management tool and creating a single LNS network database...

(12) All system controllers shall utilize a peer-to-peer communications scheme to communicate with each other and with the PC-type monitoring computer(s).  All controllers shall utilize Standard Network Variable Types (SNVTs) as defined by LonMark International. Controllers shall implement LonMark device profiles as appropriate. All devices shall be provided with an LNS plug-in configuration utility. If an LNS plug-in is not available for a device, all device resource files, XIF files, and points list shall be provided.

(13) Controllers shall contain non-volatile memory for storage of control programs, configuration, and setpoints.  All such data shall be retained in the event of a power failure.  At least one controller shall have an on-board (battery or “super cap”-backed) real-time clock to ensure correct time-of-day operation following a power failure.  Controllers that are not backed-up in the event of a power failure and that require time based operation (VAV’s, heat pumps, etc..) shall be peers on the network and be able to obtain time synchronization from a power fail protected controller and/or controllers upon network power restore.

(14) Historical data logging, alarm monitoring and management, and scheduling shall be accessible and managed via the GUI. The system may utilize specific controllers on the LON to perform these functions or it may be performed by a host computer, or a combination of both.

(15) Controllers shall use a software mechanism for network addressing and identification. It shall not be required to set physical network address switches on each controller. 

(16) System shall utilize LonMark defined standard network and command messaging for all system data. 

(17) In general, only LonMark certified devices will be accepted on this control network. Each device must be LonMark certified version [3.2] or higher. In those instances in which LonMark devices are not available, provide LonWorks devices with application source code, device resource files, and external interface definitions 2 weeks prior to bid date. Any controller that does not meet this spec must be stated and submitted with specific reason why it is not LonMark certified. LonMark compatible, LonMark compliant, LonMark “ish” controllers are not acceptable. Exceptions may be granted for programmable controllers utilizing a custom programming software tools. These programmable controllers must meet all LonMark requirements for interoperability and shall utilize standard variable and configuration properties (SNVTs, SCPTs) as defined by LonMark. Any custom software required for controller programming shall be included as a leave-behind tool with enough license capability built into the bid to support the installation. 

(18) If a dedicated configuration tool is provided it is preferable that it be launched from within the applicable Network Management Software. If not, any software required for controller configuration shall be included as a leave-behind tool with enough license capability to support the installation.

(19) The network infrastructure shall conform to the LonMark published guidelines for network wiring and system architecture. Wire type, distance, termination, and use of routers shall strictly conform to the LonMark wiring standards. The number of nodes per channel shall be no more than 80% of the defined segment (logical or physical) limit in order to provide future system enhancement with minimal infrastructure modifications. See reference to the Junction Box and Wiring Guidelines.

(20) Upon job completion provide all drawings, product information, complete and functional LNS databases, resource files, configuration files, etc on standard recordable media (CD, DVD). 

(21) The contractor shall provide the appropriate quantity of legal copies of all software tools, configuration tools, management tools, and utilities used during system commissioning and installation. All tools shall be generally available in the market. No closed and/or unavailable tools will be permitted. Contractor shall convey all software tools and their legal licenses at project close out.

(22) Specification Compliance Checklist:

	
	
	· Check

	Architecture:
	Flat Peer to Peer Lon w/ Layer 3 routing only
	

	Communication Protocol:
	LonTalk (ANSI/CEA 709.1)
	

	Transceiver:
	ANSI/CEA 709.1a FTT-10 Free Topology Transceiver
	

	Processor:
	Implements full ANSI/CEA 709.1 protocol
	

	Network Operating System/Database Standard:
	LonWorks Network Services(LNS)
	

	Message Tags:
	LonMark Defined Standard Network Variable Types (SNVT)  & Standard Configuration Property Types (SCPT)
	

	Use of Gateways:
	Pre-approved Only. For converting proprietary to LON Only
	

	Network Management/Commissioning Tool:
	LNS Based 
	

	Contractor Certification:
	Training certification requirements
	

	Product Certification:
	LonMark Certified [3.2] or better
	

	Media Type:
	Project specific – FTT, Powerline, Fiber
	

	Twisted Pair Wiring Topology:
	Free Topology, Polarity Insensitive
	

	Other Considerations:
	Must provide external interface file (XIF files) and device resource files for each device
	


d) Summary of work

(1) Provide LonWorks based products that communicate on multiple channels to meet the functional specifications as indicated on the Drawings and the dedicated product functional specifications and profiles specified in other Sections.

(2) Provide FTT-10A LonTalk routers and repeaters as required to combine different communication channels onto a central field bus or as required to segment groups of Intelligent Devices and/or Control Units.

(3) Provide Intelligent Control Devices, Programmable Controllers, and Application Specific Controllers as herein specified, as needed to perform functions indicated in the input/output summaries and sequences of operation, and/or indicated on the HVAC drawings.

(4) Provide wire, raceway systems, 24 VDC and/or 24 VAC power supplies and final connections to nodes provided by this contract. Must comply with Division 16 requirements.

(5) The contractor shall provide all controls and sequence of operations as required by these specifications and by the drawings.  Provide all required devices, sensors, hardware, software, wiring, controllers, etc.  Provide all required devices, sensors, hardware, software, wiring, controllers, etc. including any required and not specifically addressed in this specification but required for system functionality. It shall be the responsibility of the contractor to provide a complete and functional system.

(6) The system shall allow for future integration of other systems (Card Access, Lighting, Intrusion Monitoring etc.) on the network proposed in this document, and also share a common infrastructure for network communications, time scheduling, alarm handling, history logging, monitoring and system control.

e)  Other services

(1) The work scope shall also include the furnishing of services of various engineering disciplines both in the field and in home office in order to complete the work in a satisfactory and professional manner. The Control System Contractor is responsible for providing these engineering services.

(2) Provide technical direction of the installation as specified herein.

(3) Provide field calibration, testing and commissioning of equipment as specified herein.

(4) Incorporate Uninterruptible Power Supply surge transient protection in the installation of the system to protect electrical components in all LonWorks controllers, remote controllers, and operator's workstations.

(5) Provide submittals, software, data entry facilities Portable Operator’s Terminal (POT), programming, startup, test and validation, training of the Custodian and Maintenance Representative on maintenance and operation, as built documentation and system warranty.

(6) Provide special tools, testing equipment as required for operation, installation, and maintenance of the equipment specified herein.

(7) Provide data communication wiring and connections between LonWorks controllers and RC controllers and DDC controllers.

(8) Provide documentation and complete Operating and Maintenance Manuals.

(9) Provide start-up and system commissioning.

(10) Provide accurate and current LNS Database of the control network to Architect/Engineer of Record. Any changes on made on the network shall be incorporated into the LNS database and an updated database shall be provided ensuring the Architect/Engineer of Record always has the correct and current database for the control system.

(11) Provide documentation on all point naming conventions to the Architect/Engineer of Record/ for incorporation into the GUI.

(12) Provide a CD backup of the LNS database upon ANY changes or updates to the database.  

(13) The network infrastructure shall conform to the published guidelines for wire type, length, number of nodes per channel, termination, and other relevant wiring and infrastructure criteria as published (reference: Junction Box and Wiring Guidelines for Twisted Pair LonWorks Networks).

(14) Any host PC GUI interface shall use openly available software packages that are nonexclusive. No closed software will be accepted. Software must be generally available on the market from multiple sources. 

(15) Contractor shall provide references of prior successful experience. 

(16) Contractor must demonstrate ability and intent to design, architect, and install a open, logically flat, LonWorks system.

(17) No exclusive or non-open integration tools, devices, or host software shall be used as part of this open system. 

(18) If Internet or IP connectivity is specified, all devices connecting to the LAN shall use the TCP/IP protocol stack. Any LAN to LonWorks routers shall use the ANSI/CEA-852 standard layer 3 transparent routing protocol. Specific IP interconnectivity shall follow IT standards for security, firewalls, address, etc. published in separate documents (if appropriate).

(19) The control system shall be installed using the best available products from the currently available suppliers that meet the system specification. Controllers from multiple manufactures are acceptable.

(20) The system integrator shall provide a protocol analyzer log summary for each channel for a minimum of 24 hours showing system performance. The statistical summary shall show that all bandwidth utilization and error limits are within acceptable ranges and that there are no network traffic problems, node communication problems, or system sizing problems. 

f) References

(1) References and industry standards listed in this Section are applicable to the Work. Unless more restrictive criteria or differing requirements are explicitly stated in the Specifications, or mandated by governing codes or regulations, the recommendations, suggestions, and requirements described in the referenced standards shall be deemed mandatory and applicable to the Work.

(2) Perform the work in accordance with the requirements of Section 15501 Basic HVAC Requirements, Division 1 (if applicable) and Division 15 and Division 16 sections, and with the provisions of all applicable codes and laws.

(3) The installation and equipment is to conform to all applicable building and electrical code articles and reference standards cited therein.

g) Products furnished but not installed under this section

(1) Control Valves

(2) Sensor Wells

(3) Air Flow Stations

3) Quality Assurance

a) General

The FAS shall be furnished, engineered, and installed by Licensed Trade Technicians.  The contractor shall have on staff trained LonWorks Network Integrators. Training shall include a minimum of 40 hours of LonWorks Network Design and LonWorks Network Management tool training. Contractor must have at least two fully trained staff members at all times. Contractor shall provide training class certifications of staff members. Contractor shall have a direct line of technical support from suppliers. The contractor shall employ technicians who have completed factory-authorized training. The contractor shall employ technicians to provide instruction, routine maintenance, and emergency service within 24 hours upon receipt of request.

b)  Contractor Qualifications

(1) The Contractor must be regularly engaged in the service and installation of LonWorks based systems as specified herein, and must have been so for a minimum of three (3) years. 

(2) The Contractor must be an authorized representative in good standing of the manufacturer of the proposed hardware and software components. 

(3) The Contractor shall have an office that is staffed with designers trained in integrating interoperable systems and technicians fully capable of providing LonWorks instruction and routine emergency maintenance service on all system components.

(4) The Contractor shall have in house capabilities to provide control strategies for whole building control. This includes HVAC, lighting, access, and security applications etc.

(5) The Contractor shall have a service facility, staffed with qualified service personnel, capable of providing instructions and routine emergency maintenance service for networked control systems.

(6) The Contractor shall submit a list of no less than three (3) similar projects, which have LonWorks based FAS as specified herein installed by the Contractor. These projects must be on-line and functional such that they can be observed the system in full operation.

(7) The Contractor must be a certified LonWorks Integrator and shall submit resumes with the proposal indicating passing certificates as proof of approved training. Such proof must include summary of coursework and indicate both written and laboratory requirements of training. Certificates of training completion shall be for currently active employees.

c) Hardware and Software Component Manufacturer Qualifications 

(1) The manufacturer(s) of the hardware and software components must be primarily engaged in the manufacture of LonWorks based systems as specified herein, and must have been so for a minimum of three (3) years. 

(2) The manufacturer(s) of the hardware and software components as well as its subsidiaries must be a member in good standing of LonMark International and/or LonMark Americas.

(3) The manufacturer(s) of the hardware and software components shall have an authorized representative capable of providing service and support as referenced in section B above, and must have done so for a minimum of three (3) years. 

(4) The manufacturer(s) of the hardware and software components shall have a technical support group accessible via a phone/fax/email that is staffed with qualified personnel, capable of providing instruction and technical support service for networked control systems.

(5) The manufacturer(s) of the hardware and software components must have no less than three (3) similar projects, which have LonWorks based Facility Automation Systems as specified herein installed by the authorized representative referenced above. These projects must be on-line and functional such that the Owners/Users representative can observe the system in full operation.

4) Acceptable manufacturers of the hardware and software

(1) See list of LonMark Manufactures at www.lonmark.org

5) Reference Standards

a) General

(1) Control system components shall be new and in conformance with the following applicable standards for products specified:

(2) Systems must be made up of LonMark certified devices and LNS Based tools.

(3) All controllers must be based on ANSI/CEA 709.1 LonTalk Protocol

(4) All routing must be via ANSI/CEA 852 LonWorks to IP Routing

b) Submittals

Submit the following according to conditions of Contract and Division 15 Specification sections.  In addition, provide the following:

(1) Product data on all components used to meet the requirements of the specifications such as enclosures, network transceivers, Resource files, LNS Plug-ins, XIF documentation, configuration parameter options, mounting details, power supplies, etc. 

(2) Software documentation regarding the proposed PC operating system, third party utilities and application programs, and the proposed application program for the Control Units.

(3) Logical and physical diagrams for each channel indicating each node (control devices and ID’s), node address (domain, subnet and group), channel type and router specifications. 

(4) Submit functional temperature control diagrams for each mechanical system served by the HVAC Control System. 

(5) Indicate and Tag each input/output served by each Control Unit or Intelligent Device. 

(6) Submit 8 sets of submittals for review within 3 weeks of contract award.         

c) Shop Drawings

(1) The controls contractor shall submit AutoCAD or Visio generated schematic drawings for the entire control system for review and approval before work shall begin. Included in the submittal drawings shall be a one-page diagram depicting the complete system architecture complete with a communications riser. Drawings shall include point-to-point wiring diagrams and must show all temperature controls, start-stop arrangement for each piece of equipment, equipment interlocks, wiring terminal numbers and any special connection information required for properly controlling the mechanical equipment. 

(2) The submittal shall include a bill of material reference list including component manufacturer and party number as well as equipment sequences of operation.

(3) The submittals shall include manufacturer's catalog data describing each item of control equipment or component provided and installed for the project.

d) Close-Out Documents

(1) Submit final copies of the shop drawings outlined in paragraph C above. These final submittals shall reflect all field modifications and change orders required to complete the installation. Submit the following quantities of record submittal drawings immediately following receipt of notification of substantial completion. Auto CAD drawing or VISIO files of all shop drawings on CD ROM disks or USB flash memory sticks.

(2) Three (3) complete sets of documents located in a three-ring notebook and organized by subject with divider tabs. Soft copies of ALL files must also be provided with each set on CD.

e) Operation and Maintenance manuals

(1) Submit three (3) sets of operation and maintenance manual. Include the following documentation:

a. Network Management Software User Manual specific to each tool package provided.

b. Maintenance Instructions: Document all maintenance and repair/ replacement procedures. Provide ordering number for each system component, and source of supply. Provide a list of recommended spare parts needed to minimize downtime.

c. Documentation of network variables, network node configurations, priority interrupts, node bindings, addressing structure, etc.

f) Instruction of owner operating personnel

(1) All training shall be by the Controls Contractor and shall utilize specified manuals, as-built documentation, the on-line help utility and any other appropriate training materials. 

(2) Operator training shall include:

d. Four (4) initial eight (8)-hour sessions for a group of four (4) people 
(3) The initial operator-training program shall be to establish a basic understanding of basic functions, commands, routines, etc. and shall assume attendees have a sound working knowledge of the Windows operating system and PC use. The training shall encompass as a minimum:

e. Troubleshooting of input devices, i.e., bad sensors

f. Sequence of operation review

g. Sign on - sign off

h. Selection of all displays and reports

i. Commanding of points (keyboard and mouse mode)

j. Modifying label text

k. Use of all dialogue boxes and menus

l. System initialization

m. LonWorks Network Management Software (if applicable)

g) Acceptance procedure (Commissioning)

(1) The TCC shall provide to the architect 30 days prior to acceptance testing the commissioning procedures to be used for acceptance of the FAS.

(2) Upon completion of the installation, the controls contractor shall start-up the system and perform all necessary calibration and testing to ensure proper operation of the project control systems.

(3) Schedule a hardware demonstration and system acceptance test. The acceptance testing is defined as demonstrating the sequence of operation as indicated in the drawings.  . The Controls Contractor shall perform all tests prior to scheduling the acceptance test and hardware demonstration to insure the overall system is ready prior to inspection and observations.

(4) When the system performance is deemed satisfactory in whole or in part by these observers, the system parts will be accepted for beneficial use and be deemed substantially complete as defined.

(5) The Controls Contractor shall prove that they controls network is functioning correction and within acceptable bandwidth criteria and shall test the system with an approved protocol analysis tool. Provide a log and statistics summary showing that each channel is within acceptable parameters. Each channel shall he shown to have at least 25% spare capacity for future expansion.

h) Warranty

(1) The FAS shall be free from defects in workmanship and material under normal use and service. If within eighteen (18) months from the date of substantial completion, the installed equipment is found to be defective in operation, workmanship or materials, the building systems contractor shall replace, repair or adjust the defect at no cost. Service shall be provided within 24 hours upon notice from Owner’s designated Representative.

(2) The warranty shall extend to material that is supplied and installed by the Controls Contractor. Material supplied but not installed by the Controls Contractor shall be covered per the above to the extent of the product only. Installation labor shall be the responsibility of the trade contractor performing the installation. 

(3) All corrective software modifications made during warranty service periods shall be updated on all user documentation and on user and manufacturer archived software disks.

i) Product delivery, storage and handling

(1) Do not install electronic hardware in the project until non-condensing environmental conditions have been established. Products installed in violation of this request maybe requested to be replaced at no additional cost to the project.

(2) Coordinate storage requirements for factory mounted terminal control units on air terminal devices, air handling units or other packaged control equipment.  Do not store control units on site in non-conditioned areas for more than two weeks.

(3) Factory-Mounted Components:  Where control devices specified in this section are indicated to be factory mounted on equipment, arrange for shipping control devices to unit manufacturer.

6) LON Products

a) Remote access

(1) The owner shall provide an appropriate connection to the Internet to enable remote system access Owner agrees to pay monthly access charges for connection and ISP.

b) Web servers (If required)

1) Functionality

(1) The Web Servers 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 Web Servers.  It shall be capable of executing application control programs to provide:

n. Hosting of the graphical HTML pages

o. Calendar functions

p. Scheduling (if no other means available)

q. Data Logging (if no other means available)

r. Alarm monitoring and routing (if no other means available)

s. Time synchronization (if no other means available)

t. Soap/XML interface

u. Static or Dynamic IP addressing

v. SNVT access via web pages and via XML interface

w. SMTP Server for alarm email notification

x. Messages and message management

2) Software licensee

(1) The Software License for the Web Server(s) must be open and enable any Systems Integrator to engineer, change or modify the application once the project is complete. Restrictive engineering access to the Web server will not be acceptable.

3) Event alarm notification and actions

(1) The Web Server shall provide alarm recognition, storage, routing, management, and analysis to supplement distributed capabilities of equipment or application specific controllers.

(2) The Web Server 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.

(3) Alarm generation shall be selectable for annunciation type and acknowledgement requirements.

(4) Control equipment and network failures shall be treated as alarms and annunciated.

(5) Alarms shall be annunciated via email notification to specific, configurable email address.

(6) Alarms shall be visually identified via the HTML graphics pages. Overrides and setpoint changes shall be configured via the HTML interface.

(7) Alarms shall be annunciated in any of the following manners as defined by the user:

y. Screen message text

z. Pagers via paging services that initiate a page on receipt of email message

aa. Graphic with flashing alarm object(s)

(8) Alarms shall be logged for a period of no less than 1 week

(9) Alarm logs shall be able to be transferred from the web server to a host 

(10) The following shall be recorded by the Web Server for each alarm (at a minimum):

ab. Time and date

ac. Location (building, floor, zone, office number, etc.)

ad. Equipment (air handler #, access way, etc.)

4) Data logging and storage

(1) The web server shall have the ability to collect data for any object and store this data for future use. Data logging shall be performed either by a dedicated logger on the control network, via a combined web server/data logger, or by a central host PC attached to the network. Which ever way data logging is to be performed it must:

ae. Store data logs for at least 1 week before being overwritten

af. Automatically update the host storage PC that the logs are approaching their full level

ag. Data logs shall be able to be transferred from the web server to a host

ah. Be easily able to append a new log to a previously saved log

5) Security and user administration

(1) Communications between the Web Server and Web Browser are to adopt proven ‘Secure User Authentication’ employing 128-bit industry standard MD5 digital signatures. All transactions to/from the Web Server are to adopt the MD5 security procedures as a minimum to ensure the data on the system is protected from unauthorized access.

(2) Individual web graphics pages shall have their own password protection. Groups of pages may have the same password for the same level of user. Provide at least 3 levels of user access. 

6) Web browser clients

(1) The system shall be capable of supporting a minimum of 20 simultaneous client connections using a standard Web browser such as Internet Explorer™, Firefox™, or Netscape Navigator™.  Systems requiring additional software (to enable a standard Web browser) to be resident on the client machine, or manufacture-specific browsers shall not be acceptable.

(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 not be acceptable.

(3) The Web browser shall provide a view of the system, in terms of graphics, schedules, calendars, logs, etc. 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 as a minimum, the following functions:

ai. 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.  

aj. 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.

ak. Storage of the graphical screens shall be in the Web Server, without requiring any graphics to be stored on the client machine.  Systems that require graphics storage on each client are not acceptable.

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

(5) 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.

(6) 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.

c) Programmable control unit  (PCU)

1) General requirements

(1) System controllers shall share network variable data with other LON-based devices that utilize the same transceivers as referenced previously.

(2) Operating system software, custom operating sequence software and application programs shall be stored in programmable, non-volatile memory.

(3) The complete programmable controller including accessory devices such as relay, transducers, power supplies, etc., shall be wired and housed in an enclosure or as required by the location and local code requirements.

(4) Provide programmable controller boards with external interface jacks to provide an optional communication link. 

(5) Equip programmable controller with diagnostic indicators for the following:

am. Transmit.

an. Receive.

2) Service (health) indication lamp(s) Input/Output requirements

(1) The programmable controller shall accommodate digital and analog input and output points as appropriate for the task it was intended to perform. For troubleshooting and load analysis, the value of each analog output shall be available in the database for trending and display.

(2) Each controller shall have 10% spare point capacity when installed.

3) Accessories  

(1) Provide the following with each PCU:

ao. Over current and transient power protection

4) Programmable controller software

(1) A programmable controller shall operate totally standalone and independent of a central computer or master controller for all specified control applications. 

(2) Operating System software shall:

ap. Reside in programmable power failure backed RAM, 

aq. Operate in real-time, provide prioritized task scheduling, 

ar. Control time programs, 

as. Scan inputs and outputs.  

at. Contain built in diagnostics.

(3) Input/Output Point Processing Software shall include:

au. Continuous update of input and output values and conditions
av. All connected points are to be updated at a minimum of one-second intervals.

aw. Assignment of proper engineering units and status condition
ax. identifiers to all analog and digital input and outputs
(4) A "fixed mode" option shall be supported to allow inputs and outputs from DDC control programs to set to a fixed state or value. When in the "fixed mode" inputs and output shall be assigned a high residual command priority to prevent override by application programs.

(5) 
Run time shall be accumulated based on the status of a digital output point. It shall be possible to totalize either on time or off time up to 60,000 hours with one-minute resolution. Run time counts shall be resident in non-volatile memory and have PCU resident run time limits assignable through the operator's terminal.

(6) A transition counter shall be provided to accumulate the number of times a device has been cycled on or off. Counter is to be non-volatile and be capable of accumulating 60,000 switching cycles. Limits shall be assignable to counts to provide maintenance alarm printouts.

(7) 
Custom DDC programs are to be provided to meet the control strategies as called for in the sequence of operation sections of these specifications. 

(8) Each PCU shall have resident in its memory and available to the programs a full library of DDC algorithms, intrinsic control operators, arithmetic, logic and relational operators for implementation of control sequences.

(9) 
The PCU shall include Proportional plus Integral (PI), and Proportional plus Integral plus Derivative (PID) control loops.

(10) DDC control programs shall include an assignment of initialization values to all outputs to assure that controlled devices assume a fail-safe position on initial system start-up.

d) Terminal device control unit (TDCU)

1) General Requirements

(1) Control Units shall be equipped with an appropriate Neuron microprocessor controller, programmable non-volatile memory for general data processing, power supply, input/output modules, termination blocks and network transceivers of adequate size and quantity to perform the function they were intended to.
(2) System controllers shall be capable of sharing network variable data with other LON-based devices.

(3) Operating system software, custom operating sequence software and application programs shall be stored in programmable, non-volatile memory.

(4) It shall be possible to make changes to the application program and/or configuration of any controller in real-time with no interruption of the operation of the controlled equipment. Systems that require that the controller be taken offline and/or require the shutdown of the controlled equipment are not acceptable.

(5) The TDCU shall synchronize time with a PCU on the network upon power up of the network.  

2) TDCU Software

(1) General: A TDCU shall operate totally standalone and independent of a central computer for all specified control applications. Software shall include a complete Operating System (O.S.), communications handler, point processing, standard control algorithms, and specific control sequences.

(2) O.S. software shall reside in programmable flash memory, operate in real-time, provide prioritized task scheduling, control time programs, and scan inputs and outputs.  O.S. shall also contain built in diagnostics.

(3) TDCU’s shall have application specific programs to minimize configuration and installation time.  Application specific programs shall be able to be changed so the same hardware component can be utilized in the event the mechanical equipment is removed, and new mechanical equipment has been added. 

(4) 
Input/Output Point Processing Software shall include:

ay. Continuous update of input and output values and conditions 
az. All connected points are to be updated at a minimum of one-second intervals

ba. Assignment of proper engineering units and status condition identifiers to all analog and digital input and outputs

(5) 
A "fixed mode" option shall be supported to allow inputs to, and outputs from DDC control programs to set to a fixed state or value. When in the "fixed mode" inputs and output shall be assigned a high residual command priority to prevent override by application programs.

e) Network interfaces, LON routers, bridges repeaters and transceivers

1) Internet servers, Routers, Bridges and Repeaters

(1) 
Equip each Internet server, router and bridge with a network transceiver on each network port (inbound and outbound) as dictated by the network type (Type 1 - FTT, Type 2 - TP, Type 3 - PL, Type 4 - LP, Type 5 - RF).

(2) 
The network router shall be designed to route messages from a segment, sub-net, or domain in full duplex communication mode.

(3) 
Routers and bridges shall utilize LonTalk protocol transport, network, and session layers to transparently route messages bound for a node address in another sub-net or domain exclusively. 

(4) 
Routers, bridges and repeaters shall be fully configurable and permit a systems integrator to define message traffic, destination, and other network management functions utilize LonWorks Devices used for routing, bridging, or repeaters

(5) 
The routers, bridges, and repeaters shall be capable of DIN rail or panel mounting and be equipped with status LED lights for Network traffic and power.

7) Electronic input/output devices

This section to be edited for preferential functionality and approved vendor list added. The following specification requirements are for reference only

a) Temperature Sensors and Transmitters

1) General Sensor & Transmitter Requirements

(1) Provide sensors and transmitters required as outlined in the input/output summary and sequence of operation, and as required to achieve the accuracy as specified.

(2) Sensors can be of type RTD, Thermistor, and transmitter.

(3) The following accuracy’s are required and include errors associated with the sensor, lead wire and A to D conversion.

	
	Point Type
	Accuracy

	(4) 
	Outside Air
	0.5°F

	(5) 
	Chilled Water
	0.5°F.

	(6) 
	Room Temperature
	1.00°F.

	(7) 
	Hot Water/Steam
	0.75°F.

	(8) 
	Duct Temperature
	0.5°F.

	(9) 
	Sensors used in energy, water (BTU) or process calculations
	0.1°F.


Note: Sensors used in BTU or process calculations shall be accurate to ±0.10°. over the process temperature range. Submit a manufacturer's calibration report.

2) Thermowells

(1) When thermowells are required, the sensor and well shall be supplied as a complete assembly including wellhead and Greenfield fitting.

(2) Thermowells shall be pressure rated and constructed in accordance with the system working pressure

(3) Thermowells and sensors shall be mounted in a threadolet or 1/2" NPT saddle and allow easy access to the sensor for repair or replacement.

(4) Thermowells shall be constructed of the following materials:

	
	Coolant
	Material

	bb. 
	Chilled and Hot Water
	brass

	bc. 
	Steam
	304/316 stainless steel

	bd. 
	Brine (salt solutions)
	marine grade stainless steel


3) Outside Air Sensors

(1) Outside air sensors shall be designed to withstand the environmental conditions to which they will be exposed. They shall also be provided with a solar shield.

(2) Sensors exposed to wind velocity pressures shall be shielded by a perforated plate surrounding the sensor element.

(3) Temperature transmitters shall be of NEMA 3R construction and rated for ambient temperatures.

4) Duct Type Sensors

(1) Duct mount sensors shall mount in a electrical box through a hole in the duct and be positioned so as to be easily accessible for repair or replacement. A neoprene grommet (Seal-tite fitting and mounting plate) shall be used on the sensor assembly to prevent air leaks.

(2) Duct sensors shall be insertion type and constructed as a complete assembly including lock nut and mounting plate. Duct sensors probe shall be constructed of 304/316 stainless steel.

(3) For outdoor air duct applications, use a weatherproof mounting box with weatherproof cover and gasket.

5) Averaging Duct Type Sensors

(1) For ductwork greater any dimension than 48 inches and/or where air temperature stratification exists, utilize an averaging sensor with multiple sensing points. The averaging sensor shall be installed complete with end cap, compression fittings, gaskets, mounting flange and required accessories.

(2) Provide capillary supports at the sides of the duct to support the sensing string.

6) Intelligent LonWorks Room Sensors

(1) Room temperature sensors are to be provided with a cover to prevent accidental damage.

(2) Provide LonMark certified device for communication with the communication network.


b) Relative Humidity Sensors/Transmitter

(1) The humidity transmitter shall meet the following overall accuracy including lead loss.

(2) Room Type Sensor  ±3% RH

(3) Transmitters shall be shipped factory pre-calibrated.

(4) Differential Pressure Transmitters and Accessories

c) General Air and Water Pressure Transmitter Requirements:

(1) Pressure transmitters shall be constructed to withstand 100% pressure over-range without damage and to hold calibrated accuracy when subject to a momentary 40% over-range input.

(2) Differential pressure transmitters used for flow measurement shall be sized to the flow-sensing device and shall be supplied with shutoff and bleed valves in the high and low sensing pick-up lines (3 valve manifolds).

(3) Provide a minimum of a NEMA 1 housing for the transmitter. Locate transmitters in accessible local control panels wherever possible.

2) Low Air Pressure Applications (0 to 0.5” WC)

(1) The pressure transmitter shall be capable of transmitting a linear electronic signal proportional to the differential of the room and reference static pressure input signals with the following minimum performance specifications.

be. Span:  Not greater than two times the design space DP.

bf. Accuracy:  Plus or minus 0.5% of full scale

bg. Dead Band:  Less than 0.3% of output.

bh. Repeatability:  Within 0.2% of output.

bi. Linearity:  Plus or minus 0.2% of span.

bj. Response:  Less than one second for full span input.

bk. Temperature Stability:  Less than 0.01% output shift per degree F. change.

3) Flow, Pressure, and Electrical Measuring Apparatus

(a) Traverse Probe Air Flow Measuring Stations

(1) Traverse probes shall be of a dual manifolded, cylindrical, type constructed of 3003 extruded aluminum with an anodized finish to eliminate surface pitting and unnecessary air friction.  The multiple total pressure manifold shall have sensors located along the stagnation plane of the approaching air flow and without the physical presence of forward projecting sensors into the air stream.  

(2) The static pressure manifold shall incorporate dual offset static tips on opposing sides of the averaging manifold so as to be insensitive to flow-angle variations of as much as ±20o in the approaching air stream.

(3) The airflow traverse probe shall not induce a measurable pressure drop, nor shall the sound level within the duct be amplified by its singular or multiple presence in the air stream.  Each airflow-measuring probe shall contain multiple total and static pressure sensors placed at equal distances along the probe length.  The number of sensors on each probe and the quantity of probes utilized at each installation shall comply with the ASHRAE Standards for duct traversing.

(4) Traverse probes shall be accurate to ±25% of the measured airflow range down to 0.25” WC static pressure.

(5) Each flow measuring station shall be complete with its own dedicated microprocessor with a 4-line, 80 character, Alpha Numeric display and full function keypad.  The panel shall be fully programmable and display calculated CFM directly on a LED monitor on the panel face.

(6) Each station shall log airflow rates in real time and download data to its control unit (CU) via a RS-232 interface.

4) Shielded Static Pressure Sensor

(1) Provide for each zone where required a shielded static pressure sensor suitable for ceiling or wall (See drawings) surface mounting, complete with multiple sensing ports, pressure impulse suppression chamber with minimum volume of 50 cubic inches, airflow shielding, and 3/8" compression takeoff fittings, all contained in a welded stainless steel casing, with polish finish on the exposed surfaces.

(2) These probes shall be capable of sensing the static pressure in the proximity of the sensor to within 1% of the actual pressure value while being subjected to a maximum airflow of 1000 FPM from a radial source.

(3) The shielded static sensing devices shall be used for both reference and space pressure sensing.

(4) Pressure sensors used for outside air pressure reference purposes shall be equipped with a conduit seal for pneumatic tubing and bushings for a weather tight installation. 

5) Static Pressure Traverse Probe

(1) Provide multipoint traverse probes in the duct at each point where static pressure sensing is required.

(2) Each duct static traverse probe shall contain multiple static pressure sensors located along the exterior surface of the cylindrical probe. Pressure sensing points shall not protrude beyond the surface of the probe.

(3) The duct static traverse probe shall be of 304 stainless steel construction and (except for 3/4" dia. probes with lengths of 24" or less) be complete with threaded end support rod, sealing washer and nut, and mounting plate with gasket and static pressure signal fitting. The static traverse probe shall be capable of producing a steady, non-pulsating signal of standard static pressure without need for correction factors, with an instrument accuracy of 21.

6) Venturi Flow meter

(1) Pressure drop on venturi type flow meters shall not exceed 0.25" WC. Each venturi low and high-pressure taps shall be equipped with nipples, valves and quick disconnects.

(2) Equip each venturi with a metal identification tag indicating the size, location, GPM and meter reading for the GPM specified.

(3) Provide (1) 6" dial differential pressure meter of the proper range to determine piping system flow rate. The meter shall be the property of the Owner.

(4) Venturi meters shall utilize flanged or screwed connections for removal purposes and shall be rated for the system operating pressures.

(5) The venturi flow meter shall be factory calibrated to provide a minimum of flow accuracy between actual and factory flow calibration data.

d) Current Transformers

(1) The current transformers shall be designed to be installed or removed without dismantling the primary bus or cables. The transformer shall be of a split core design.

(2) The core and windings shall be completely encased in a UL approved thermoplastic rated 94VA. No metal parts shall be exposed other than the terminals.

(3) The current transformers shall meet the following specifications:

bl. Frequency Limits: 50 to 400 Hz.

bm. Insulation: 0.6 KV Class, 10 KV BIL.

bn. Accuracy: ± 1% at 5.0 to 25.0 VA accuracy class with U.P.F. burden.

(4) Provide a disconnect switch for each current transformer.

e) Current Sensing Switches

(1) Current sensing switch shall be self-powered with solid-state circuitry and a dry contact output. Current sensing switches shall consist of a solid state current sensing circuit, adjustable trip point, solid state switch, SPDT relay and an LED indicating the on or off status. A conductor of the load shall be passed through the window of the device. It shall accept over current up to twice its trip into range.

f) Electronic Valve & Damper Actuators

1) General Requirements


(1) Electronic actuators shall be electric, direct-coupled type capable of being mounted over the shaft of the damper. They shall be UL listed and the manufacturer shall provide a 2-year unconditional warranty from the date of commissioning. Power consumption shall not exceed 8 watts or 15 VA of transformer sizing capacity per high torque actuator nor 2 watts or 4 VA for VAV actuators.

(2) Electronic overload protection shall protect actuator motor from damage. If damper jams actuator shall not burnout. Internal end switch type actuators are not acceptable. Actuators may be mechanically and electrically paralleled on the same shaft to multiply the available torque. A reversing switch shall be provided to change action from direct to reverse in relation to control signal as operation requires.

2) Combination Smoke and Fire Damper Actuators

(1) Actuators shall be factory mounted and connected to the damper section and shall conform to UL 555S specifications. 

(2) Actuators shall be rated for 350°F.

3) Control Valve Actuators (3 inch and smaller)

(1) Actuators shall have a gear release button on all non-spring return models to allow manual setting. The actuator shall have either an insulating air gap between it and the linkage or a non-conducting thermoplastic linkage. Care shall be taken to maintain the actuator's operating temperatures and humidity within its specifications. Pipes shall be fully insulated and heat shields shall be installed if necessary. Condensation may not form on actuators and shall be prevented by a combination of insulation, air gap, or other thermal break.

(2) The control circuit shall be fully modulating using 2 - 10 volt or 4 - 20 mA signals. Accuracy and repeatability shall be within 1/21 of control signal. A 2 - 10 v or 4 - 20 mA signal shall be produced by the actuator which is directly proportional to the shaft clamp position which can be used to control actuators which are paralleled off a master motor or to provide a feedback signal to the automation system indicating valve position.

(3) Valve body and actuators shall be shipped fully assembled and tested at the valve factory prior to shipment.

4) Control Valve Actuators (4 inch and larger).

(1) The valve actuator shall consist of a permanent split capacitor, reversible type electric motor that drives a compound epicycle gear.  The electric actuator shall have visual mechanical position indication, readable from a distance of 25 feet, showing output shaft and valve position.  Unit shall be mounting directly to the valves without brackets and adapters, or readily adapted to suit all other type quarter-turn valves.
(2) The actuator shall have an integral terminal strip, which, through conduit entries, will ensure simple wiring to power supplies.  Cable entries shall have UL recommended gland stops within the NPT hole to prevent glands from being screwed in too far and damaging cable.

(3) The actuator shall be constructed to withstand high shock and vibrations without operations failure.  The actuator cover shall have captive bolts to eliminate loss of bolts when removing the cover from the base.  One copy of the wiring diagram shall be provided with the actuator.

(4) The actuator shall have a self-locking gear train, which is permanently lubricated, at the factory.  The gearing shall be run on ball and needle bearings.  Actuators with 600 in/lbs. or more output torque shall have two adjustable factory calibrated mechanical torque limit switches of the single-pole, double-throw type.  

(5) The motor shall be fitted with thermal overload protection.  

(6) The motor rotor shaft shall run in ball bearings at each end of motor.

(7) The actuator housing shall be hard anodized aluminum for full environmental protection.

(8) The environmental temperature range of the actuator shall be -30°C to +60°C (-20°F to +140°F).

(9) For intermittent on/off service, the actuator shall be rated at a 20% duty cycle (i.e., 12 minutes extended duty in every hour, or alternatively; one complete cycle every 2 minutes).  For more frequent cycling and modulating service, an actuator shall be rated for continuous duty.  The actuator rated for continuous duty shall be capable of operating 100% of the time at an ambient temperature of 40°C.

(10) The actuator shall have an integral self-locking gear train.  Motor brakes shall not be required to maintain desired valve position.  Levers or latches shall not be required to engage or disengage the manual override.  Mechanical travel stops, adjustable to 15° in each direction of 90° rotation shall be standard, as well as two adjustable travel limit switches with electrically isolated contacts.  Additional adjustable switches shall be available as option.

(11) Single Phase Motor:  The motor shall have Class B insulation capable of withstanding locked-rotor for 25 seconds without overheating.  Wiring shall also be Class B insulation.  An auto-reset thermal cutout protector shall be embedded in the motor windings to limit heat rise to 80°C in a 40°C ambient.  All motors shall be capable of being replaced by simply disconnecting the wires and then removing mounting bolts.  Disassembly of gears shall not be required to remove the motor.

(12) Materials of Construction:  The electric actuator shall have a pressure die-cast, hard-anodized aluminum base and cover.  The compound gear shall be made of die-cast, hard-anodized aluminum or steel.  An alloy steel worm gear shall be provided for manual override and torque limiting.  Bearings for gears shall be of the ball and needle type; bronze bearings shall be used on the shafting parts.

g) Control valves 

1) General Control Valve Requirements

(1) All automatic control valves shall be linear, fully proportioning, with modulating ball, plug or V-port inner guides unless otherwise specified. The valves shall be quiet in operation and fail safe in either normally open or normally closed position in the event of control air failure or loss of electronic output signal.

(2) All valves shall be capable of operating in sequence when required by the sequence of operation. All control valves shall be sized by the control manufacturer, and shall be guaranteed to meet the heating and cooling loads as specified. All control valves shall be suitable for the pressure conditions, and shall close against the differential pressures involved. Valve body pressure rating and connection type (screwed or flanged) shall conform to ANSI pressure classifications appropriate for the system working pressures.

(b) Hot and Cold Water Control Valves

(1) Hot and cold water globe type control valves shall be single-seated type, with equal percentage flow characteristics. The valve discs shall be composition type and shall be sized using ISA methods.

(2) Pressure drop through the valves shall not exceed 5 psi unless otherwise indicated.

(3) Ball valves shall be equipped with 316 stainless steel trim, Teflon seals and adjustable packing gland nuts. Provide a handle for manual operation during start-up and maintenance.

h) Switches

1) Current Sensing Switches

(1) Current sensing switch shall be self-powered with solid-state circuitry and a dry contact output. Current sensing switches shall consist of a solid state current sensing circuit, adjustable trip point, solid state switch, SPDT relay and an LED indicating the on or off status. A conductor of the load shall be passed through the window of the device. It shall accept over current up to twice its trip into range.

i) Electrical control power and low voltage wiring 

(1) Provide interlock wiring between supply and exhaust fans, electrical wiring for relays (including power feed) for temperature and pressure indication. 

(2) Provide power wiring, conduit and connections for low temperature thermostats, high temperature thermostats, alarms, flow switches, actuating devices for temperature, humidity, pressure and flow indication, point resets and user disconnect switches for electric heating, appliances controlled by this Section.

(3) Provide all other wiring required for the complete operation of the specified systems.

(4) Install all wiring raceway systems complying with the requirements of the National Electrical Code.  
j) Network Communication Requirements

(1) Wired network communication shall follow the published guidelines for twisted pair LonWorks network.

(2) In all communication conduits, provide one spare twisted pair to be installed, tagged and labeled at each end.

(3) Communication conduits shall not be installed closer than six feet from high power transformers or run parallel within six feet of electrical high power cables. Care shall be taken to route the cable as far from interference generating devices as possible. Where communication wire must cross high power wire (deemed as 110VAC or greater) it must do so at right angles.

(4) All shields shall be grounded (earth ground) at one point only to eliminate ground loops. All shield grounding shall be done at the controller location with the shield at the sensor/device end of the applicable wire being left long and “safed” off in an appropriate manner.

(5) There shall be no power wiring, in excess of 30 VAC rms, run in conduit with communications wiring. In cases where signal wiring is run in conduit with communication wiring, all communication wiring and signal wiring shall be run using separate twisted pairs (24awg) in accordance with the manufacturer’s wiring practices.

k) Input/Output Control Wiring

(1) RTD wiring shall be two-wire or four-wire twisted, shielded, minimum number 18 gauge.

(2) Other analog inputs shall be a minimum of number 18 gauge, twisted, (shielding optional).

(3) Binary control function wiring shall be a minimum of number 18 gauge.

(4) Analog output control functions shall be a minimum of number 18 gauge, twisted, shielded.

(5) Binary input wiring shall be a minimum of number 18 gauge.

2) Splices

(1) Splices in shielded cables shall consist of terminations and the use of shielded cable couplers, which maintain the integrity of the shielding. Terminations shall be in accessible locations. Cables shall be harnessed with cable ties as specified herein.

l) Conduit and Fittings

(1) Conduit for Control Wiring, Control Cable and Transmission Cable: Electrical metallic tubing (EMT) with compression fittings, cold rolled steel, zinc coated or zinc-coated rigid steel with threaded connections.

(2) Outlet Boxes (Dry Location): Sheradized or galvanized drawn steel suited to each application, in general, four inches square or octagon with suitable raised cover.

(3) Outlet Boxes (Exposed to Weather): Threaded hub cast aluminum or iron boxes with gasket device plate.

(4) Pull and Junction Boxes: Size according to number, size, and position of entering raceway as required by National Electrical Codes. Enclosure type shall be suited to location.

m)  Relays

(1) Relays other than those associated with digital output cards shall be general purpose, enclosed plug-in type with 8-pin octal plug and protected by a heat and shock resistant duct cover. Number of contacts and operational function shall be as required.

2) Solid State Relays (SSR)  

(1) Input/output isolation shall be greater than lOE9 ohms with a breakdown voltage of 1500V root mean square or greater at 60 Hz. The contact life shall be 10 x 10 E6 operations or greater. The ambient temperature range of SSRs shall be -20 to +140F. Input impedance shall not be less than 500 ohms. Relays shall be rated for the application. Operating and release time shall be for 100 milliseconds or less. Transient suppression shall be provided as an integral part of the relay.

3) Contactors 

(1) Contactors shall be of the single coil, electrically operated, and mechanically held type. Positive locking shall be obtained without the use of hooks, latches, or semi permanent magnets. Contractor shall be double-break-silver-to-silver type protected by arcing contacts. The number of contacts and rating shall be selected for the application. Operating and release times shall be 100 milliseconds or less. Contactors shall be equipped with coil transient suppression devices.

8) FAS Hardware identification

a) Automatic Control Valve Tags

(1) For valves, etc., use metal tags with a 2-inch minimum diameter, fabricated of brass, stainless steel or aluminum. Attach tags with chain of same materials. For lubrication instructions, use linen or heavy duty shipping tag.

(2) Tag valves with identifying number and system. Number valves by floor level, column location and system served.

(3) Prepare lists of all tagged valves showing location, floor level, and tag number, use. Prepare separate lists for each system. Include copies in each maintenance manual.

b) Wire Tags

(1) All multi-conductor cables in all pull boxes and terminal strip cabinets shall be tagged.

(2) Provide wire Tags as per Division 16.

c) Conduit Tags

(1) Provide tagging or labeling of conduit so that it is always readily observable which conduit was installed or used in implementation of this Work.

d) Miscellaneous Equipment Identification

(1) Screwed-on, engraved black lamicoid sheet with white lettering on all control panels and remote processing panels. Lettering sizes subject to approval.

(2) Inscription, subject to review and acceptance, indicating equipment, system numbers, functions and switches. For panel interior wiring, input/output modules, local control panel device identification.

9) User interface software

a) Basic Conventional Operators Workstation software

(1) The Operators Workstation shall be equipped with Microsoft ® Windows [most current operating system] as the user terminal operating software.

(2) The Operators Workstation software is installed to provide basic operator interface (i.e., non-facility management/color graphics) shall use pull down menu navigation as the basis of program execution, operating feature penetration, and local or remote site access.

(3) Manual Database Save and Restore.  A system operator with the proper password clearance shall be able to archive the database and store on electronic, magnetic, or optical media.  

(4) Security.  Each operator shall be required to log on to the 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 supervisor shall have the ability to set passwords and security levels for all other operators.  

b) Custom Application Programming Features

(1) The language shall be English language oriented and be based on the syntax of programming languages such as BASIC.  It shall allow for free form or fill-in-the-blank programming.  Alternatively, the programming language can be graphically-based using function blocks as long as blocks are available that directly provide the functions listed below, and that custom or compound function blocks can be created.

(2) A full screen character editor/programming environment shall be provided.  The editor shall be cursor/mouse-driven and allow the user to insert, add, modify, and delete code from the custom programming.  It shall also incorporate word processing features such as cut-paste and find/replace.

(3) 
The programming language shall allow independently executing program tasks to be developed.

(4) The editor/programming environment shall have a debugging/simulation capability that allows the user to step through the program and to observe any intermediate values and/or results.  The debugger shall also provide error messages for syntax and execution errors.

(5) The programming language shall support conditional statements (IF/THEN/ELSE/ELSE-IF) using compound Boolean (AND, OR and NOT) and/or relations (EQUAL, LESS THAN, GREATER THAN, NOT EQUAL) comparisons.

(6) The programming language shall support floating-point arithmetic using the following operators:  +, -, /, x, square root, and xy. The following mathematical functions shall also be provided: absolute value and minimum/maximum value from a list of values. 

(7) The programming language shall have pre-defined variables that represent clock time, day of the week, and date.  Variables that provide interval timing shall also be available.  The language shall allow for computations using these values.

(8) The programming language shall have the ability to pre-define variables representing the status and results of the System Software, and shall be able to enable, disable, and change the values of objects in the system.

(9) 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.

c) Optional Telephone Interface Software

(1) The system user shall have the option to incorporate telephone access to the system.  The telephone interface system shall override system schedules for devices from any LON manufacturer.

(2) If required a standard analog telephone line will be provided. The telephony interface shall use a standard modem interface and not require any custom phone switch equipment.

10) User Interface/Operator Work Station (OWS) Hardware

(1) The operator workstation shall be a PC running a currently supported version of the Windows operating system (currently XP)

(2) The PC shall be of a current, fully configured model with the following minimum hardware requirements

a. 100GB Hard drive

b. 1GB Ram

c. 1.4 GHz processor

d. Ethernet interface – 100BaseT
e. V.96 internal modem

f. CD Rom/DVD Rom burner

g. 17” flat screen monitor – 1024x768 minimum resolution

h. Mouse/pointing device and keyboard

i. Speakers 

(3) Standard software included shall be:

a. Anti-virus software

b. Microsoft Office

c. Internet browser

d. Backup to CD/DVD software

e. LNS Based Network Management Tool

11) Execution

a) EXAMINATION

(1) Verify that systems are ready to receive work.

(2) Beginning of installation means installer accepts existing conditions.

(3) The project plans shall be thoroughly examined for control device and equipment locations, and any discrepancies, conflicts, or omissions shall be reported to the Architect/Engineer for resolution before rough-in work is started.

(4) The contractor shall inspect the site to verify that equipment is installable as show, and any discrepancies, conflicts, or omissions shall be reported to the Architect/Engineer for resolution before rough-in work is started.

(5) The Controls Contractor shall examine the drawings and specifications for other parts of the work, and if head room or space conditions appear inadequate or if any discrepancies occur between the plans and his work and the plans for the work of others, he shall report such discrepancies to the Architect/Engineer and shall obtain written instructions for any changes necessary to accommodate his work with the work of others.

b) General installation requirements

(1) Install all control components in accordance with manufacturer's instructions and recommendations.

(2) If the controls contractor is responsible for providing the damper then provide mixing dampers of parallel blade construction arranged to mix streams. Provide separate minimum outside air damper section adjacent to variable outside air damper.

(3) Mount control panels adjacent to associated equipment on vibration-free walls or freestanding angle iron supports. One cabinet may accommodate more than one system in same equipment room. Provide nameplates for instruments and controls inside cabinet and nameplates on cabinet face.

(4) After completion of installation, test and adjust control equipment. Submit data showing setpoints and final adjustments of controls.

(5) Install equipment, piping, wiring/conduit parallel to building lines (i.e., horizontal, vertical, and parallel to walls) wherever possible.

(6) Provide sufficient slack and flexible connections to allow for vibration of piping and equipment.

(7) Verify integrity of all wiring to ensure continuity and freedom from shorts and grounds.

(8) All equipment, installation, and wiring shall comply with acceptable industry specifications and standards for performance, reliability, and compatibility and be executed in strict adherence to local codes and standard practices.

c) Electrical system installation

(1) Comply with all Division 16 Installation Requirements.

(2) Install low voltage power and LON and LAN communication trunks in conduit in the following locations regardless of local building code allowances otherwise.

bo. Mechanical rooms

bp. Electrical rooms

bq. Vertical risers (exception:  fire rated continuous closet like a telephone closet)

br. Open Areas where the wiring will be exposed to view or tampering

(3) Conceal conduit within finished shafts, ceilings and wall as required. Install exposed conduit parallel with or at right angles to the building walls and ceilings.

(4) Where Class 2 wires are in concealed and accessible locations including ceiling return air plenums, approved cables not in raceway may be used provided that:

bs. Circuits meet NEC Class 2 (current-limited) requirements.  (Low-voltage power circuits shall be sub-fused when required to meet Class 2 current-limit.)

bt. All cables shall be UL listed for application, i.e., cables used in ceiling plenums shall be UL listed specifically for that purpose.

(5) Do not install Class 2 wiring in conduit containing Class 1 wiring.  Boxes and panels containing high voltage may not be used for low voltage wiring except for the purpose of interfacing the two (e.g., relays and transformers).

(6) Where Class 2 wiring is run exposed, wiring to be run parallel along a surface or perpendicular to it, and NEATLY tied at 3m (10 ft.) intervals minimum.

(7) All wire-to-device connections shall be made at a terminal blocks or terminal strip.  All wire-to-wire connections shall be at a terminal block, or with a crimped connector.  All wiring within enclosures shall be neatly bundled and anchored to permit access and prevent restriction to devices and terminals.

(8) Plug or cap all unused conduit openings and stub-ups. Do not use caulking compound.

(9) Route all conduit to clear beams, plates, footings and structure members. Do not route conduit through column footings or grade beams.

(10) Set conduits as follows:

bu. Expanding silicone fire stop material sealed watertight where conduit is run between floors and through walls of fireproof shaft

bv. Oakum and lead, sealed watertight penetration through outside foundation walls

(11) Cap open ends of conduits until conductors are installed.

(12) Where conduit is attached to vibrating or rotating equipment, flexible metal conduit with a minimum length of 18 inches and maximum length of 36 inches shall be installed and anchored in such a manner that vibration and equipment noise will not be transmitted to the rigid conduit.

(13) Where exposed to the elements or in damp or wet locations, waterproof flexible conduit shall be installed. Installation shall be as specified for flexible metal conduit.

(14) Provide floor, wall, and ceiling plates for all conduits passing through walls, floors or ceilings. Use prime coated cast iron, split-ring type plates, except with polished chrome-plated finish in exposed finished spaces.

12) Sequence of operations

Refer to drawings for normal operating mode sequences of operations.

a) General

(1) Provide automatic control for system operation as described herein, although word “automatic” or “automatically”, is not used.

(2) Provide control devices, control software and control wiring as required for automatic operation of each sequence specified.

(3) Manual operation is limited only where specifically described; however, provide manual override for each automatic operation.

(4) Where manual start-up is called for, also provide scheduled automatic start-stop capabilities.

(5) Functions called for in sequence of operations are minimum requirements and not to limit additional capabilities the DDC system can be provided with.

(6) Provide the following functions which are not specifically mentioned in each sequence of operation for each item of equipment:

bw. Start-Stop, manual, and scheduled

bx. On-Off status of each piece of equipment

by. Run-time

bz. All setpoints shall be adjustable

ca. Sequenced starting of all motors

b) Temperature sensors

(1) Temperature sensor assemblies shall be readily accessible and adaptable to each type of application in such manner as to allow for quick, easy replacement and servicing without special tools or skills.

(2) Strap-on mountings shall not be permitted.

(3) Outdoor installations shall be; of weatherproof construction or in appropriate NEMA enclosures.  These installations shall be protected from solar radiation and wind effects.  Protective shield shall be stainless steel.

(4) Sensors shall be with enclosure where located in finished space.

(5) Sensors in ducts shall be mounted in locations to sense the correct temperature of the air only and shall not be located in dead air spaces or positions obstructed by ducts, equipment, and so forth.  Locations where installed shall be within the vibration and velocity limit of the sensing element.  Ducts shall be securely sealed where elements or connections penetrate ducts to avoid measuring false conditions.

(6) All sensors measuring temperatures in pipes larger than 2 inches in diameter or in pressure vessels shall be supplied with wells properly fabricated for the service.  Wells shall be non-corrosive to the medium being measured and shall have sufficient physical strength to withstand pressures and velocities to which they are subjected.  Wells shall be installed in the piping at elbows where piping is smaller than the length of the well to affect proper flow across the entire area of the well.

13) Cleaning

(1) The Controls Contractor shall clean up all debris resulting from his or her activities daily. The contractor shall remove all cartons, containers, crates, etc. under his (or his sub-contractors) control as soon as their contents have been removed. Waste shall be collected and placed in a location designated by the Construction Manager or General Contractor.

(2) At the completion of work in any area, the Controls Contractor shall clean all of his/her work, equipment, etc., making it free from dirt and debris, etc.

(3) At the completion of work, all equipment furnished under this Section shall be checked for paint damage, and any factory-finished paint that has been damaged shall be repaired to match the adjacent areas. Any metal cabinet or enclosure that has been deformed shall be replaced with new material and repainted to match the adjacent areas.

14) Protection

(1) The Controls Contractor shall protect all work and material from damage by his/her work or workers or sub-contractors, and shall be liable for all damage thus caused.

(2) The Controls Contractor shall be responsible for his/her work and equipment until finally inspected, tested, and accepted. The Controls Contractor shall protect his/her work against theft or damage, and shall carefully store material and equipment received on-site that is not immediately installed. The Controls Contractor shall close all open ends of work with temporary covers or plugs during storage and construction to prevent entry of foreign objects.

15) Checkout, start-up and testing

(1) The FAS shall be properly commissioned prior to acceptance. The Controls Contractor shall coordinate with others (including mechanical, electrical and test and balance) to properly start up and verify the operation of the system. Provide as-built documentation as detailed in Part 1 of this Section.

16) Acceptance

(1) The FAS will not be accepted as meeting the requirements of Completion until all tests described in this specification have been performed to the satisfaction of the Engineer and the Owner (or designated representative). Any tests that cannot be performed due to circumstances beyond the control of the Contractor may be exempt from the Completion requirements if stated as such in writing by the Owner or the Owner's representative. Such tests shall then be performed as part of the warranty.

17) SCHEDULE OF RESPONSIBILITIES

(1) The following schedule identifies the responsible Division for the installation of the facility automation system.  This schedule should be used as a general guide.  The General Contractor is the central authority governing the total responsibility of all trade contractors.  Therefore, deviations and clarifications of this schedule are permitted provided the General Contractor assumes responsibility to coordinate the trade contractors different than as indicated herein.  If deviations or clarifications to this schedule are implemented, submit a record copy to the Architect.

	Item
	Item
	
	Furnish by:
	Install by:
	Power by:
	Control wiring by:

	1. 
	Equipment Motors
	M
	M
	E
	---

	
	Magnetic Motor Starters:
	

	2. 
	A)


	Automatically controlled with or without HOA switches
	E
	E
	E
	TCC

	3. 
	B)
	Manually Controlled
	E
	E
	E
	---

	4. 
	C)
	Manually controlled, and which are furnished as part of factory wired equipment
	M
	M
	E
	E

	5. e
	D)
	Special duty type (part winding, multi-speed etc.)
	M
	See note 1
	E
	See note 1

	6. 
	E)
	Adjustable frequency drives with manual bypass
	TCC
	TCC
	E
	See note 2

	7. 
	F)
	Domestic booster pump motor controls
	M
	M
	E
	NI

	8. 
	General equipment disconnect switches, thermal overload switches, manual operating switches
	E
	E
	E
	---

	9. 
	Sprinkler system water flow and tamper switches
	M
	M
	E
	---

	10. 
	Outside fire alarm horn and light (at Siamese connection)
	M
	M
	E
	---

	11. 
	Line voltage contactors
	E
	E
	E
	TCC

	12. 
	Control relay transformers (other than starters)
	TCC
	TCC
	E
	TCC

	13. 
	Main fuel oil tank alarms (high and low level) and remote indicating lights
	M
	M
	TCC
	TCC

	14. 
	Day tank fuel oil alarms (high and low level) and remote indicating lights
	E
	E
	E
	TCC

	15. 
	Line voltage control items e.g.: line voltage t-stats not connected to control panel systems
	M
	E
	E
	E

	16. 
	Loose control and instruments furnished as part of the mech. Equip. or required for operation e.g.: valves, float controls, relays, sensors etc.
	M
	M
	M
	M

	17. 
	Control and instrumentation panels
	TCC
	TCC
	E
	TCC

	18. 
	Automatic control valves, automatic dampers and damper operators/actuators, solenoid valves, insertion temperature and pressure sensors
	TCC
	M
	E
	TCC

	19. 
	Duct type fire and smoke detectors including relays for fan shut-down
	TCC
	TCC
	E
	TCC

	20. 
	Contactors for cooling tower basin heaters
	M
	M
	E
	M

	21. 
	Mechanical piping heat trace (inc. relays, contactors, t-stats etc.)
	M
	M
	E
	M

	22. 
	Emergency-Power-Off (EPO) shutdown push-button(s), (break-glass station) and controls
	M
	M
	M
	M

	23. 
	Control interlock wiring or software bindings between chillers, pumps and cooling towers, fans and air handling units and other miscellaneous mechanical equipment
	TCC
	TCC
	E
	TCC

	24. 
	Electric radiant heating panels, un-ducted electric unit heaters and cabinet heaters and electric baseboard radiation units
	E
	E
	E
	E

	25. 
	Airflow control device with transmitter
	TCC
	M
	E
	TCC

	26. 
	Air terminal devices (e.g. VAV boxes)
	M
	M
	E
	TCC

	
	Intelligent devices and control units provided with mechanical equipment such as:
	

	27. 
	A)
	Valve and damper operators
	M
	M
	E
	TCC

	28. 
	B)
	Heat pumps, AC units
	M
	M
	E
	TCC

	29. 
	C)
	Fan coil units
	M
	M
	E
	TCC

	30. 
	D)
	Air terminal units
	M
	M
	E
	TCC

	31. 
	E)
	Boilers, Chillers etc.
	M
	M
	E
	TCC

	(2) 
	Intelligent devices and control units provided with electrical systems such as:
	

	32. 
	A)
	Occupancy/motion sensors
	E
	E
	E
	TCC

	33. 
	B)
	Lighting control panels
	E
	E
	E
	TCC

	34. 
	C)
	Switches and dimmers
	E
	E
	E
	TCC

	35. 
	D)
	Switch multiplexing control units
	E
	E
	E
	TCC

	36. 
	Door Entry Control units
	TCC
	TCC
	E
	TCC

	37. 
	Gateway for protocol conversion with non-LonWorks based systems
	TCC
	TCC
	TCC
	TCC

	38. 
	Routers, bridges and repeaters
	TCC
	TCC
	TCC
	TCC

	

	
	Abbreviations:
	

	39. 
	Furnish
	Furnished by
	

	40. 
	Install
	Installed by
	

	41. 
	Power
	Power wiring connection, low and medium voltage
	

	42. 
	TCC
	Temperature Controls Contractor
	

	43. 
	E
	Electrical Contractor
	

	44. 
	M
	Mechanical contractor
	


2) Notes to Schedule of Responsibilities:

(1) 1. Magnetic motor starters (special duty type) shall be set in place under electrical division except when part of factory wired equipment, in which case set in place under mechanical division.

(2) 2. Where a remote motor disconnect is required in addition to the one provided integral to an Variable Frequency Drive (VFD), the Controls Contractor shall provide the necessary control interlock between the disconnects.

(3) 3. The Controls Contractor shall inform the Mechanical Contractor and the Electrical Contractor of the additional capacity required of control power transformers.

(4) 4. The Mechanical Contractor shall refer to the electrical specifications and plans for all power and control wiring and shall advise the Architect of any discrepancies prior to bidding.  The Controls Contractor shall be responsible for all control wiring as outlined, whether called for by the mechanical or electrical drawings and specifications.

END OF SECTION
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