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��PS 1 - GENERAL� TC  "PS 1 - GENERAL" \l 1 �

1.1	General� TC  "1.1	General" \l 2 �

	It is the intention of the Corporation to obtain a complete, operational Client Comfort System (CCS).  The Contractor shall provide everything, both materials and labour, required for a complete and fully operational system including, but not limited to:

	.1	All engineering and documentation necessary to define all details of the contractorÕs system for both Corporation review and Contractor installation;

	.2	All computerised and electronic hardware, including network communications devices, standalone panels and terminal unit controllers;

	.3	All hardware components necessary for a complete system, including field devices of all types (e.g. sensors, actuators, relays, contractors), transformers, wiring, conduit, raceways, and piping;

	.4	All application programming, databases, graphics and other activities related to computer software or firmware, required to implement the generic start-up logic and the graphics screens (including dynamic data points and ÒhotÓ spots) defined in this specification.  Refer to 15930;

	.5	A complete installation of all non-DDC and emergency controls listed in this specification;

	.6	Labour and supervision for the installation, calibration, adjustments, checkouts, commissioning of all components and devices provided, and Substantial Performance requirements; and

	.7	Complete documentation of the completed installation, with commissioning reports and operations and maintenance manuals.

	Installation shall be in accordance with the PS 8 Installation Standards.

1.2	Standards and Guidelines� TC  "1.2	Standards and Guidelines" \l 2 �

	.1	Installation shall conform to the latest building codes and standards in effect.

	.2	Wiring to be in accordance with C.E.C. and the standards of Division 16 for the project.

	.3	Openings through fire separations shall be sealed with an approved fire stopping product.

	.4	The location of all devices to be reviewed with the Owner's Representative prior to installation.

	.5	It is the Contractors responsibility to be familiar with and abide by the latest issue of the BCBC Point Naming Convention and Graphics Guidelines for Client Comfort Systems.  These are available on the Internet or in hard copy from BCBC Technical Value Department.

1.3	Shop Drawings� TC  "1.3	Shop Drawings" \l 2 �

	.1	Submit shop drawings for the project, in accordance with Section 01340 of the General Conditions of the Contract for the Project, and as follows:

	.2	Submit product data on all computer components, Standalone panels, (SAPs), terminal unit controllers, (TUCs), and field devices. All data not applicable to project to be crossed out.  Refer to PS 6.1.

	.3	Provide schematics showing system architecture including network, SAPs and TUCs, wiring ladder diagrams and point layouts referenced to Points Lists.

	.4	Submit graphic screens in software format and hard copy to the Engineer for review a minimum of 4 weeks prior to the 7 day test.

	.5	Provide written software for proposed sequences of operation which differ from the generic start-up logic software included in the specifications section 15930, to Consultant for review, prior to installation in panels and equipment start-up.

	.6	Apply BCBC Point Naming Convention to all points.

1.4	Warranty� TC  "1.4	Warranty" \l 2 �

	Without restricting any warranty or guarantee implied or stipulated by law, the Contractor will, at his own expense, rectify and make good any defect or fault that appears in the work within TWELVE (12) months from the date of the Certificate of Substantial Performance. Service inspections and servicing of equipment during the warranty year it necessary, to be included in the Total Amount of Proposal.

1.5	Training� TC  "1.5	Training" \l 2 �

	Include a program, of at least 20 hours duration, for on-site operator training.  This program shall, at a minimum, cover the following:

	.1	All procedures necessary for writing, editing, saving, uploading, and downloading of application software, point definition database, and any other software accessible to the user.

	.2	The set-up, documentation, and editing of system displays for all systems and interfaces included in this contract.

	.3	The set-up, documentation, and editing of totalizers, trend logs and trend graphing for operator selected points in each of the systems.

	.4	All procedures necessary to set up and execute point monitoring, point command (e.g. auto/manual toggle and in manual, assigning a specific value), and  point response monitoring functions.

	.5	Training for all of the foregoing shall be carried out from both the onsite user interface terminal and from a remote terminal by modem, and using both the ContractorÕs full graphics interface software and text-based terminal mode software (if the latter is provided).

PS 2 - OPERATOR INTERFACE� TC  "PS 2 - OPERATOR INTERFACE" \l 1 �

2.1	Access Requirements� TC  "2.1	Access Requirements" \l 2 �

	.1	All functions of the system, storage of data, execution of commands, editing of programs, creation and display of graphics, etc., must be available regardless of the method of access to the system.  Functionality must not be dependent on a continuous connection to the CCS in the building, as there may not be a PC installed on-site.

	.2	The Corporation will be accessing the CCS with the Corporation Standard equipment by the following methods:

		.1	Through an on-site desktop or notebook PC, connected to the CCS, but not necessarily permanently installed.

		.2	Through either a desktop PC or a notebook PC, which will connect to the CCS periodically by modem.

	.3	The Corporation requires two modes of access to the CCS:

		.1	Through a text based terminal emulation interface available at all points of connection to the CCS.

		.2	Through the full graphics interface described below, where the graphics are resident on any PC, whether connected directly to the CCS or remotely through the modem.

	.4	Describe in the proposal data how each method and mode of access is accomplished.

2.2	Access Security� TC  "2.2	Access Security" \l 2 �

	.1	The system shall have a minimum of 4 levels of password access security.

	.2	Describe the functionality assigned to each level.

2.3	Modem Requirements� TC  "2.3	Modem Requirements" \l 2 �

	.1	Provide and install, (complete with connecting cables), a 28,800 baud auto-dial, auto-answer modem that will also allow access at any incoming lower speed.

	.2	BCBC will provide for the installation of the phone line.

2.4	Operator Interface Software� TC  "2.4	Operator Interface Software" \l 2 �

	.1	Provide 6 copies of all software required to access the control system and carry out all the specified operator interface functions.  This software will be for Corporation use only, from either on-site or remote access locations.  Proposal amount to include any licensing costs for the software.

	.2	The operator interface software provided with the system shall be compatible with the CorporationÕs standard hardware and operating system and be fully supported by the Manufacturer for the next five years.

	.3	Supply in disk format to conform to Corporate Standard hardware and operating system.

	.4	Provide the following dynamic graphic data display capabilities:

		.1	Dynamic data display on each graphic which can accommodate any combination of dynamic (point type) information, graphic symbols and text, displayed at any location on the entire screen.

		.2	User control over attributes of dynamic data for display, including:

¥	values

¥	units

¥	point names and full descriptions

¥	auto/manual indication

¥	access to full point parameters

¥	text size

		.3	Dynamic linking of screens via definition of Òhot spotsÓ at any location on screen.

		.4	User definable sizing of Òhot spotsÓ and ability to control colour and transparency of same.

		.5	User-controllable automatic update of dynamic data.

		.6	Minimum of 64 dynamic graphic displays per Stand Alone Panel.

		.7	Minimum of 100 points per graphic display.

		.8	Ability to print directly from screen, to either a black & while, or colour printer.

		.9	Automatic display of alarm indication and the ability to disable auto-display of graphic.

2.5	Executing the Dynamic Colour Graphics� TC  "2.5	Executing the Dynamic Colour Graphics" \l 2 �

	.1	Apply BCBCÕs Graphic Guidelines to all colour graphics specified.

	.2	Provide all graphics listed in Section 15930.

2.6	Static Screen Graphics Generation Software� TC  "2.6	Static Screen Graphics Generation Software" \l 2 �

	.1	Provide separate price for static colour graphics generation software to run on Corporation standard equipment.

	.2	Software must provide the following capabilities:

		.1	System that allows user to create, modify, and delete static graphics screens.

		.2	Minimum VGA resolution with sixteen colour capability.

		.3	Mechanism for copying and editing graphics of similar layout.

		.4	Mechanism for importing Windows NT graphics file formats, such as TIFF, GIF, PCX, DXF, BMP.

              .3	Graphics creation features shall provide:

¥	User creation of symbols that can be stored for future use.

¥	Control of symbol location on screen.

¥	Control of line drawing, type, colour and thickness.

¥	Control of infill colour, background colour.

¥	Control of alpha-numeric text, including font size and colour.

2.7	Operator Interface Hardware Standards� TC  "2.7	Operator Interface Hardware Standards" \l 2 �

	Refer to Section 15920 for equipment to be supplied on this project.

	The Corporation Standard equipment is as follows:

		.1	Desktop    Pentium [II] 300 Mhz

			Includes:  MS Windows NT / DOS 6.2

			64 MB SIMM RAM

			256 KB cache, Mach 64 video accelerator c/w 2 MB RAM

			4.3 GB  HDD

			NEC XE15  VGA colour monitor

			4 MB video memory upgrade

			MS Serial Mouse

		.2 Notebook - IBM

			c/w 64 MB RAM, MS Windows NT/ DOS 6.0

			14.4  FAX modem

			3.5Ó 1.44 MB FDD

			1.2 GB HDD / Passive Colour

			MS Ballpoint Mouse

			Nylon case,  Battery, 110 VAC adaptor/ charger

		.3	Operating System

			MS DOS 6.2/Windows NT

		.4	Printer - 

			Epson Stylus Colour Ink Jet Printer

PS 3 - PROGRAMMABILITY� TC  "PS 3 - PROGRAMMABILITY" \l 1 �

3.1	Database Creation and Modification� TC  "3.1	Database Creation and Modification" \l 2 �

	.1	Provide means for addition, deletion, definition and modification of points and point types through the operator interface.

	.2	Provide links in the database such that if a point name is changed in database, all database occurrences of that point will automatically be changed.

	.3	Provide direct keyboard override of all physical and virtual points with an indication on the display of any point that is operating under a keyboard override.

	.4	The database for each physical or virtual point must only require definition once, regardless of the number of locations where it is used.

3.2	Alarm Definition and Processing� TC  "3.2	Alarm Definition and Processing" \l 2 �

	Provide the following:

	.1	Operator defined digital and analogue alarms including operator defined limits and differentials from set points.

	.2	Auto lockout of alarms when alarmed system is commanded off.

	.3	Auto display of operator defined alarm messages.

	.4	Operator defined routing of alarms.

	.5	Log of points in alarm.

3.3	Trends� TC  "3.3	Trends" \l 2 �

	.1	Provide point trend logging capability for any system point as follows:

		.1	User defined start/stop time or continuous trending.

		.2	Sampling period user-adjustable from 5 seconds to 24 hours as a minimum.

		.3	Change of value or change of state initiated.

		.4	Display and print a minimum of 4 points simultaneously across the page.

		.5	Ability to automatically dump trend logs to disk in ASCII format.

3.4	Trend Graphing� TC  "3.4	Trend Graphing" \l 2 �

	.1	System shall have the ability to graphically display logs or trended points in colour:

		.1	Capability for display of a minimum of 4 points simultaneously, both analog and digital on the same graph.

		.2	Capability for auto-scaling and ability to manually control horizontal and vertical scales.

3.5	Totalization� TC  "3.5	Totalization" \l 2 �

	.1	Provide the capability to accumulate units of all analogue and digital points.

3.6	Scheduling� TC  "3.6	Scheduling" \l 2 �

	.1	Provide scheduling feature that allows for creation of start/stop schedules and their use in programs as follows:

		.1	Weekly	-	20 minimum per SAP

				-	time of day, day

				-	weekend, alternate day

				-	direct override by Annual Schedules

				-	8 daily stops/starts per day

		.2	Annual	-	6 minimum per SAP

				-	entire calendar year available



3.7	Point Definitions� TC  "3.7	Point Definitions" \l 2 �

	.1	Analog Points� TC  "	.1	Analog Points" \l 3 �

		.1	System shall have the capability to accommodate user defined scale ranges which can be attached to any input or output.

		.2	Provide conversion tables or other mapping functions for analog input and analog output points that define how the input or output hardware values relate to the engineering units used.

		.3	This function must accommodate non-linear relationships.

		.4	If a conversion table type function is used, it must have a minimum of 10 individually definable segments.

		.5	Provide capability to assign any user defined unit to the analog point (i.e. percent, Deg C, Deg F, etc.).

	.2	Digital Points� TC  "	.2	Digital Points" \l 3 �

		.1	Provide the capability to define in database whether a digital input point is normally open or normally closed.

		.2	Provide the capability to assign any pair of engineering units to the relay open and relay closed positions of digital output points,  (i.e. start/stop, on/off, open/closed).

3.8	Software Controllers� TC  "3.8	Software Controllers" \l 2 �

	.1	Provide controllers, resident in each SAP and/or TUC, including a three-term, proportional, integral, derivative, (PID) control algorithm.

	.2	Provide, in each controller, the following set up and tuning capabilities:

		.1	Direct or reverse acting.

		.2	Output value to control, 0 to 100%.

		.3	Set point.

		.4	Proportional Gain.

		.5	Integral gain.

		.6	Derivative gain.

		.7	Sampling time - variable from 1 to 60 seconds.

		.8	Control loop bias.

	.3	Provision shall exist for the modification of the above by OCL programs and/or the operator while on-line through a terminal.

3.9	Operator Control Language (OCL) Capabilities� TC  "3.9	Operator Control Language (OCL) Capabilities" \l 2 �

	.1	The stand alone panels (SAPs) and soft terminal unit controllers (TUCs) shall have the capability for the Owner to develop and run custom application programs. For this, the system shall have a proven OCL which shall be capable of reading the value and/or status of all system points and initiating both digital and analog control actions from any user defined combination of calculations and logical expressions which shall at a minimum include:

		-	Addition, subtraction, multiplication and division;

		-	Square roots, summations, absolute differences;

		-	Logical ÒnotÓ, ÒandÓ, ÒorÓ, ÒnorÓ, ÒandÓ, Òless thanÓ, Ògreater thanÓ, and Òequal toÓ or their logical equivalents;

		-	Time delays in seconds, minutes or hours;

		-	Ability to embed comments in system generated documentation;

		-	Ability to use time-of-day and day-of-year in algebraic calculations; and

		-	Ability to use weekly and annual schedules.

	.2	Provide code for the following control strategies:

		.1	If real time is between 8:00am and 4:00pm and minimum space temperature is more than 0.5¡C below the building objective temperature, then start Pump #1.

		.2	As soon as Pump #1 has been on for 10 minutes, turn on the boiler.

		.3	If day of year is before July 2, then factor A is equal to 0.1667 - (July 2 - day of year)/1368, otherwise the factor A is equal to 0.1661 - (day of year - July 2)/1368.

		.4	Select high of space temperature #2, space temperature #3 and space temperature #6.

		.5	If the real time is greater than 8:00 AM minus a factor, times the difference between the setpoint and space temperature and if the real time is less than 3:30 PM and if outside air temperature is less than 10 C, then enable boiler.

	.3	The supplied systemÕs OCL shall support the concept of output oriented code, or in other words, a program shall be generated for each controlling output or logical group of outputs.  Required programs for each system are listed in the generic start up logic, although manipulation will be required to achieve the intent in each vendorÕs system.

3.10	OCL Editor� TC  "3.10	OCL Editor" \l 2 �

	.1	Provide a full screen editor to enable editing of the OCL programs source code down to character by character changes.

	.2	Provide the capability in the editor of accepting programs from ASCII files that have been created on other MS-DOS compatible computers and word processors.

	.3	If a point is removed from the database, show an error signal for undefined character on the appropriate line whenever a program using that point is viewed, edited or printed.

PS 4 - INTRA-SYSTEM COMMUNICATION� TC  "PS 4 - INTRA-SYSTEM COMMUNICATION" \l 1 �

4.1	Network Communications� TC  "4.1	Network Communications" \l 2 �

	.1	Stand-Alone Panels (SAPs)� TC  "	.1	Stand-Alone Panels (SAPs)" \l 3 �

		.1	Provide a fully networked system of SAPs which use a peer-to-peer communications protocol to support the distributed control features as specified herein.  Each SAP shall be connected directly to the network.  Each SAP shall have equal network access priority and shall not require a separate interface panel (gateway) to accomplish network communications.

		.2	Some means shall be provided to ensure communication integrity.  Provide detail of your system with proposal.

		.3	To prevent damage to the system each data highway line shall be provided with a means of isolation, either optically or by some other means.  Provide detail of your protection system with proposal.

		.4	Upon failure of the network to communicate information from one SAP to other SAPs, retain the last legitimate value of each point in the SAPs that require it, and continue to control the systems based on those values.  Failure of any SAP, or any part of a SAP on the network, shall not affect the ability of the network to communicate among the remaining SAPs.

		.5	Each physical or virtual point shall have a user-definable, unique, system-wide logical point mnemonic. The format of this point mnemonic shall conform to BCBC Point Naming Convention.  All point functions such as commands, overrides, trends, reports, logs and graphics shall only need to use this unique logical point mnemonic.

		.6	Values, statusÕs and attributes of physical and software points from one SAP shall be available for use in any other SAPs. Any broadcast points, send-receive blocks or any other form of table or database that is required to initialize and accomplish this function shall be created solely, and automatically, by the operating system, without the need for operator intervention. Listings of physical and software points should not include tables referred to in this paragraph.

	.2	Terminal Unit Controllers (TUCs)� TC  "	.2	Terminal Unit Controllers (TUCs)" \l 3 �

		For systems which include terminal unit controllers (TUCÕs).

		.1	TUCÕs shall be considered to be any panel connected to a sub-communication network, where access to the features and points of the TUC is only obtainable through the SAP to which the sub-network is connected.  TUCs shall have a limited number of inputs and outputs, which are specifically designed to control one component serving a single thermostatic zone (e.g., VAV terminal unit, dual-duct terminal unit, fan-coil unit, zone heat pump, etc.).

		.2	The terminal unit controllers (TUCs) shall incorporate all of the requirements for the stand-alone panels (SAPs), except for peer to peer communications (PS 4.1.1.1) and auto-networking provisions (PS 4.1.1.6).

		.3	The auto-networking requirements defined in PS 4.1.1.6 for SAPs apply between the TUC and the SAP it is connected to. If the TUC is connected to the main peer to peer communication network, the full requirements of PS 4.1.1.6 apply.

4.2	System  Processing Speed� TC  "4.2	System Display and Processing Speed" \l 2 �

	.1	For multi SAP systems, the system processing speed is intended to address inter-SAP communications and will be checked by evaluating value updates from one SAP as received and displayed in another SAP . This will be done by setting up a display of all SAP counters and checking how frequently each counter is updated on the refreshed display on site.

	.2	Every counter shall show an updated value on the display within TWENTY (20) seconds of the previous update value appearing. Provide confirmation with Proposal that required system processing speed will be achieved.

PS 5 - HARDWARE FEATURES� TC  "PS 5 - HARDWARE FEATURES" \l 1 �

5.1	Power Conditioning� TC  "5.1	Power Conditioning" \l 2 �

	.1	The system shall be protected from power line surges and voltage transients. Provide with proposal, a technical description of this protection.

5.2	Power Failure Protection� TC  "5.2	Power Failure Protection" \l 2 �

	.1	Provide automatic retention of RAM and real time clock from any power failure of at least SEVENTY-TWO (72) hours duration.

	.2	Provide for automatic restart of the system upon power return.

	.3	The proposal shall describe the power failure protection system to be employed. System may be tested to confirm rated hours.

5.3	Hardware Failure Isolation� TC  "5.3	Hardware Failure Isolation" \l 2 �

	.1	Any component malfunction shall not damage any of the remaining components. Provide with proposal a technical description of how this is accomplished.

	.2	Provide information on over voltage protection on inputs or outputs.

5.4	Ease of Hardware Replacement� TC  "5.4	Ease of Hardware Replacement" \l 2 �

	.1	SAP and TUC replacement shall be possible without any hardware modification. 

5.5	Database Back-Up and Off-Line Storage� TC  "5.5	Database Back-Up and Off-Line Storage" \l 2 �

	.1	The system shall have the capability to be taken off line in the event of failure or for maintenance and returned to operation without the need for entering any portion of the software program manually. To accomplish this, an off-line disk storage device shall be utilized to provide software backup and reload.

	.2	On-site backup and verification of the entire system, with full applications software, shall be less than TWO (2) seconds per real point.  This feature will be checked during commissioning phase.

	.3	Explain in the Proposal how the back up is accomplished.

5.6	Memory� TC  "5.6	Memory" \l 2 �

	.1	Each SAP on the main network proposed shall have enough random access memory (RAM) for all of the following:

		.1	Trend Logs - One and a Half (1.5) TL for each input and output point connected to the SAP with 100 samples each.

		.2	Controllers - TWO (2) for each analogue output point connected to the SAP .

		.3	Software Points - THREE (3) for each output point connected to the SAP. 

		.4	Operator Control Language (OCL) - TWENTY (20) syntactically correct lines each with at least 4 operators, for each output point connected to the SAP.

		.5	Descriptor - ONE (1) for each user definable point, real or software, in the SAP.  In addition, on multi-SAP systems, every descriptor in the system must be accessible from every operator interface device.

		.6	Time Schedules - ONE (1) for every 3 output points connected to the SAP.

		.7	Totalizers - ONE (1) for each digital point in the SAP.

		.8	In the event there are TUCs networked to the SAP, which do not have their own memory meeting items .1 through .7, the SAP must have full memory for all TUC points as well as points connected directly.

		.9	Provide with the Proposal, calculations which confirm the foregoing RAM requirements are met for each SAP.

5.7	SAP Processing Speed� TC  "5.7	SAP Processing Speed" \l 2 �

	.1	Effective SAP Processing Speed - Maximum permissible execution time is TWO (2) seconds.  Execution time is defined as the time it takes the SAP CPU to execute all application software in the SAP, with no system timing errors, from some point in the software back to the same point, assuming full memory usage, as defined in Clause 5.6 above, while simultaneously responding to operator or terminal display requests and carrying out normal inter-SAP communications averaged over a ONE (1)-minute period.  This will be done during the commissioning phase by setting up a counter in each SAP and monitoring their counting rate.

5.8	System Display Speed� TC  "5.8	System Display Speed" \l 2 �

	.1	The minimum time to change from one dynamic screen to another is 7 seconds.  This test will be carried out from a remote site with the Corporation’s standard modem and will be the average of 10 typical displays for the project.  Tests will be carried out with the specified system configuration, excluding multi-user and alarming functions.

�PS 6 - FIELD DEVICES� TC  "PS 6 - FIELD DEVICES" \l 1 �

6.1	General� TC  "6.1	General" \l 2 �

.1	This Clause contains a comprehensive range of field devices listed alphabetically by ÒPoint typeÓ code, not all of which will necessarily be applicable to this project.  Refer to the ÒPoint TypeÓ column on the points lists in Section 15930 to identify the devices relevant to this project

.2	Some point types have a number as the last character in order to identify variations in a group of similar field devices.  For each separate point type or group of similar devices (common point type except for number) all items provided shall be the product of one manufacturer.

.3	All field devices shall be selected to have full compatibility with the SAPs, TUCs or other controls components being proposed.

.4	Any field device proposed for use which is not one of the products listed under ÒStandard of AcceptanceÓ will be evaluated by the OwnerÕs representative against the specified technical performance and the quality and characteristics of the products which are listed.  If any proposed field device is deemed not equivalent to the specification, then the Contractor shall provide another device which does meet specification at no cost.

.5	The proposal must include technical data for all field devices listed in the points lists, specifically cross-referenced to the particular point type to facilitate an unambiguous proposal evaluation.

.6	Some devices may require different ranges, capacities, etc. in particular applications, even though the device or component is otherwise the same.  Where definition of such variations is required in the specifications or points lists, the point type will use suffixes, for example ÒDPS/xÓ or ÒDA1/xÓ.  The suffixes are explained in the ÒTechnical PerformanceÓ portion of each point type specification.

.7	The end-to-end accuracy required for analogue devices shall include the combined effect of sensitivity, hysteresis, linearity and repeatability between the measured variable and the output at the operator interface device, or between the panel signal to the digital-to-analogue converter and the controlled variable.

.8	Devices shall meet the specific requirements listed, and shall be compatible with respect to power supply, signal characteristics, or other factors with the CCS being proposed. Power supplies shall be provided as required for any and all devices. 

6.2	Point Type ÒCRSÓ� TC  "6.2	Point Type - CRS" \l 2 �

.1	Description - Control Relay Status ÒCRSÓ is used where the field device will be either:

-	an auxiliary dry contact, supplied as part of the equipment whose status will be monitored by this point, or

-	if there is no auxiliary dry contact on the equipment, a relay as specified in 2. and 3., provided by the control contractor.

.2	Technical Performance - a high impedance relay to produce a dry contact.

.3	Standard of Acceptance	 - Omron Model GSD

	 - Veris Model 607 voltage bug.

6.3	Point Type ÒCR1Ó� TC  "6.3	Point Type - CR1" \l 2 �

.1	Description - Control Relay (Solid State)

.2	Technical Performance - 240 V, 10 amp capacity.  SPST function.  Normally open (or normally closed) as required by points list or application complete with optical isolation.  Suitable for switching inductive AC loads.

.3	Standard of Acceptance	-	Electromatic - RS104240.

	-	Potter & Brumfield EOTZ Series.

	-	Grayhill 7052-04-C-12-S.

6.4	Point Type ÒCR2Ó� TC  "6.4	Point Type - CR2" \l 2 �

.1	Description - Control relay (dry contact electro-mechanical relay).

.2	Technical Performance - 240 V, 10 amp to suit application.

.3	Standard of Acceptance	-	IDEC-RH Series.

	-	Johnson R1020 series.

6.5	Point Type ÒCR3Ó� TC  "6.5	Point Type - CR3" \l 2 �

.1	Description - Control relay (Solid state relay suitable for switching D.C. loads).

.2	Technical Performance - 60 VDC

.3	Standard of Acceptance - Grayhill.

6.6	Point Type ÒCS1Ó� TC  "6.6	Point Type - CS1" \l 2 �

.1	Description - Current sensor (analogue).

.2	Technical Performance - Self powered, with insertion impedance loss less than 0.0006 ohms under all conditions.  End-to-end accuracy ± 2% of full scale at each range.  Ranges: 1.0 to 10.0 amps, low; 5 to 50 amps, middle; 20 to 200 amps, high; selectable by switch or by setting jumpers.

.3	Standard of Acceptance - Greystone CS-150.

6.7	Point Type ÒCS2Ó� TC  "6.7	Point Type - CS2" \l 2 �

.1	Description - Current Sensor (switch).

.2	Technical Performance - Solid State N.O. AC switch.  Same ranges as point type ÒCS1Ó.  Manual adjustment of switch threshold setting.

.3	Standard of Acceptance - Greystone CS-125.

6.8	Point Type ÒCV1Ó� TC  "6.8	Point Type - CV1" \l 2 �

.1	Description - Control Valve (2 way, 2 position)

.2	Technical Performance - Brass or bronze globe valve construction, with screwed ends.  Materials suitable for chilled water or hot water up to 125¼C, 24 VAC.  Working pressure, 875 kPa.  N.O. spring return.  Minimum close off pressure rating shall meet requirements in the points lists; if no requirement, minimum close off pressure rating shall be 70 kPa.

.3	Standard of Acceptance	-	Honeywell V8043 series

	-	Johnson J-series

.4	Submittal Data - Submittal data shall include the proposed Cv rating for each control valve.  If a specific Cv is specified in the points list or on a valve schedule, ensure the control valve proposed has a similar Cv to that specified.

6.9	Point Type ÒCV2Ó� TC  "6.9	Point Type - CV2" \l 2 �

.1	Description - Control Valve (2 way, floating control).

.2	Technical Performance - Brass or bronze body, globe valve with equal percentage flow characteristic, screwed ends.  Materials suitable for chilled water or hot water up to 125¼C.  Working pressure 875 kPa.  24 VAC reversing motor drive.  Minimum close off pressure rating shall be 30 psi, or as stated in the points list, which ever is higher.

.3	Standard of Acceptance	-	Johnson

	-	Honeywell



.4	Submittal Data - Submittal data shall include the proposed Cv rating for each control valve.  If a specific Cv is specified in the points list or on a valve schedule, ensure the control valve proposed has a similar Cv to that specified.

6.10	Point Type ÒCV3Ó� TC  "6.10	Point Type - CV3" \l 2 �

.1	Description - Control Valve (2 way modulating, non-spring-return).

.2	Technical Performance - Globe valve body, with equal percentage flow characteristics.  Materials suitable for chilled water or hot water up to 125¼C.  Modulating actuator with 0-10 VDC signal range, power to open and power to close.  Working pressure 875 kPa.

.3	Standard of Acceptance	-	Johnson

	-	Honeywell

.4	Submittal Data - Submittal data shall include the proposed Cv rating for each control valve.  If a specific Cv is specified in the points list or on a valve schedule, ensure the control valve proposed has a similar Cv to that specified.

6.11	Point Type ÒCV4Ó� TC  "6.11	Point Type - CV4" \l 2 �

.1	Description - Control Valve (2 way, modulating, spring return).

.2	Technical Performance - Technical performance shall be as specified in 6.10.2.

.3	Standard of Acceptance	-	Johnson

	-	Honeywell

.4	Submittal Data - Submittal data shall include the proposed Cv rating for each control valve.  If a specific Cv is specified in the points list or on a valve schedule, ensure the control valve proposed has a similar Cv to that specified.

6.12	Point Type ÒDA1/xÓ� TC  "6.12	Point Type - DA1/x" \l 2 �

.1	Description - Direct Coupled Damper Actuator (Electric, modulating, non-spring-return).

.2	Technical Performance	-	Power Voltage 24 VAC or 120 VAC.

	-	Control Voltage 0 - 10 VDC.	

	Suffixes	-	ÒDA1/AÓ	-	50 in-lb torque capacity.

	-	ÒDA1/BÓ	-	90 in-lb torque capacity.

	-	ÒDA1/CÓ	-	130 in-lb torque capacity.

.3	Standard of Acceptance	-	Belimo NM-24SR or NM-24SRS (ÒDA1/AÓ)

	-	Belimo SMC-24SR (ÒDA1/BÓ)

	-	Belimo SM-24SR or SM-24SRS (ÒDA1/CÓ)

	-	Johnson Controls M140-GGA (ÒDA1/AÓ)

		-	Johnson Controls M150-GGA (“DA1/BÓ or ÒDA1/CÓ)

6.13	Point Type ÒDA2/xÓ� TC  "6.13	Point Type - DA2/x" \l 2 �

.1	Description - Direct Coupled Damper Actuator (Electric, modulating, spring return).

.2	Technical Performance	-	Power voltage 24 VAC or 120 VAC

		-	Control Voltage 0 - 10 VDC

	Suffixes	-	ÒDA2/AÓ	-	50 in-lb torque capacity.

	-	ÒDA2/BÓ	-	90 in-lb torque capacity.

	-	“DA2/C”	-	133 in-lb torque capacity

.3	Standard of Acceptance	-	Belimo FM-24SR, NF-24 SR (ÒDA2/AÓ)

		-	Belimo AF-24SR  (“DA2/C”)

		-	Johnson Controls M130-GGA (ÒDA2/AÓ only)

6.14	Point Type ÒDA3/xÓ� TC  "6.14	Point Type - DA3/x" \l 2 �

.1	Description - Direct Coupled Damper Actuator (Electric, 2-position, non-spring-	return).

.2	Technical Performance - Power Voltage 24 VAC or 120 VAC

Suffixes	-	ÒDA3/AÓ	-	50 in-lb torque capacity.

	-	ÒDA3/BÓ	-	90 in-lb torque capacity.

	-	ÒDA3/CÓ	-	130 in-lb torque capacity.

.3	Standard of Acceptance	-	Belimo NM-24 (ÒDA3/AÓ)

	-	Belimo SMC-24 (ÒDA3/BÓ)

		-	Belimo SM-24 (ÒDA3/C4Ó)

6.15	Point Type ÒDA4/xÓ� TC  "6.15	Point Type - DA4/x" \l 2 �

.1	Description - Damper Actuator (Electric, 2-position, spring return).

.2	Technical Performance - Power Voltage, 24 VAC or 120 VAC.

Suffixes	-	ÒDA4/AÓ 130 in-lb.

.3	Standard of Acceptance	-	Belimo SF-24.

		- Belimo SF-120.

6.16	Point Type ÒDDCÓ� TC  "6.16	Point Type - DDC" \l 2 �

.1	Description - Point type ÒDDCÓ is used to describe on analogue output which is to be connected to a piece of equipment not supplied by the controls contractor for the purpose of controlling that equipmentÕs operation in some way.  Examples would be an output to a variable speed drive to control its speed, or an output to a modulating chiller (or boiler) to control its operating output.

.2	The controls contractor shall provide wiring, and interface devices.

6.17	Point Type ÒDHSÓ� TC  "6.17	Point Type - DHS" \l 2 �

.1	Description - Duct mounted relative humidity sensor.

.2	Technical Performance - Operating range, 10% RH to 90% RH, over a 0¼C to 60¼C temperature range.  End-to-end accuracy ± 3% of operating range, with maximum temperature dependence of 0.2% per ¼C change.  200 mm long probe, with enclosure, for mounting in duct.

3.	Standard of Acceptance	-	Greystone HS-250-C-02

	-	Hy-cal CT-829-A

6.18	Point Type ÒDPS/xÓ� TC  "6.18	Point Type - DPS/x" \l 2 �

.1	Description - Differential Pressure Sensor

.2	Technical Performance - Solid-state design, operating on capacitance principle, with non-interactive fine resolution, zero, and span adjustments.  End-to-end accuracy ± 2% of full scale pressure range, including temperature compensation.  Shall have integral filters at each air connection port.

Suffixes	-	ÒDPS/AÓ	-	0 to 25 Pa pressure range.

	-	ÒDPS/BÓ	-	0 to 50 Pa pressure range.

	-	ÒDPS/CÓ	-	0 to 75 Pa pressure range.

	-	ÒDPS/DÓ	-	0 to 125 Pa pressure range.

	-	ÒDPS/EÓ	-	0 to 250 Pa pressure range.

	-	ÒDPS/FÓ	-	0 to 500 Pa pressure range.

	-	ÒDPS/GÓ	-	0 to 750 Pa pressure range.

	-	ÒDPS/HÓ	-	0 to 1250 Pa pressure range.

.3	Standard of Acceptance	-	Modus T20-xxx, T30-xxx, or T40-xxx to suit

	pressure range and application.

	-	Autotran 700.

6.19	Point Type ÒDTS1/xÓ� TC  "6.19	Point Type - DTS1/x" \l 2 �

.1	Description - Duct temperature sensor, with an averaging element.

.2	Technical Performance - Constructed of FT6 plenum rated cable or soft copper tubing, incorporating numerous temperature sensors encapsulated at equal distances along the length of the element.  The assembly acts as a single sensor, reporting the average temperature from all the individual sensors.  Operating range: 0¼C to 60¼C; end-to-end accuracy ±0.3¼C.  Assembly complete with wiring housing and mounting flange.

Suffixes	-	ÒDTS1/AÓ	-	3.5 m sensor cable length

	-	ÒDTS1/BÓ	-	6.0 m cable length

.3	Standard of Acceptance	-	Greystone TE-200

	-	Pre-con

6.20	Point Type ÒDTS2Ó� TC  "6.20	Point Type - DTS2" \l 2 �

.1	Description - Duct temperature sensor, with probe type element.

.2	Technical Performance - Sensor encapsulated in a 200 mm long, 6 mm OD copper or stainless steel probe.  Operating range 0¼C to 60¼C; end-to-end accuracy ± 0.3¼C.  Assembly complete with wiring housing and mounting flange.

3.	Standard of Acceptance	-	Greystone TE-200-B-7-C

	-	Pre-con

6.21	Point Type ÒFRZÓ� TC  "6.21	Point Type - FRZ" \l 2 �

.1	Description - ÒFreezestatÓ auto-reset, complete with auxiliary dry contact in order to provide a separate digital input to the DDC system.

.2	Technical Performance - Range: -10¼C to 15¼C; probe length 6 m.  Control responds to the lowest temperature along any 0.3 m of the entire length of the element.

.3	Standard of Acceptance	-	Penn A170-GA-1

6.22	Point Type ÒGAS1Ó� TC  "6.22	Point Type - GAS1" \l 2 �

.1	Description - CO2 concentration sensor.

.2	Technical Performance - 0 - 2500 ppm ± 2% Full Scale.

.3	Standard of Acceptance	-	Quatrosense Environmental Ltd. QEL QTS - 2000.

6.23	Point Type ÒGAS2Ó� TC  "6.23	Point Type - GAS2" \l 2 �

.1	Description - Carbon monoxide concentration sensor.

.2	Technical Performance - 0 - 125 ppm CO output drift < 2% signal/month.

.3	Standard of Acceptance	-	Quatrosense Environmental Ltd.

6.24	Point Type ÒGAS3Ó� TC  "6.24	Point Type - GAS3" \l 2 �

.1	Description - flammable gas concentration sensor.

.2	Technical Performance - 

.3	Standard of Acceptance 	-	

6.25	Point Type ÒGAS4Ó� TC  "6.25	Point Type - GAS4" \l 2 �

.1	Description - Refrigerant vapour concentration sensor.

.2	Technical Performance  - 

.3	Standard of Acceptance	-	

6.26	Point Type ÒGAS5Ó� TC  "6.26	Point Type - GAS5" \l 2 �

.1	Description - Total volatile organic compounds (TVOCÕs) concentration sensor, designed for mounting within an occupied space.  This type of device is sometimes referred to as an indoor air quality sensor.

.2	Technical Performance - 

.3	Standard of Acceptance	-	

6.27	Point Type ÒLS1Ó� TC  "6.27	Point Type - LS1" \l 2 �

.1	Description - Photocell light level sensor, with analogue output related to light intensity.

.2	Technical Performance - Dark 1 meg ohm, bright 1.5K ohm.

.3	Standard of Acceptance	-	Greystone PSR-1.

6.28	Point Type ÒLS2Ó� TC  "6.28	Point Type - LS2" \l 2 �

.1	Description - Photocell, adjustable light level switch.

.2	Technical Performance - 

.3	Standard of Acceptance	-	

6.29	Point Type ÒOS1Ó� TC  "6.29	Point Type - OS1" \l 2 �

.1	Description - Passive infrared occupancy sensor.

.2	Technical Performance  -

.3	Standard of Acceptance	-	

6.30	Point Type ÒOTSÓ� TC  "6.30	Point Type - OTS" \l 2 �

.1	Description - Outside air temperature sensor.

.2	Technical Performance - 10K ohm thermistor sensor encapsulated in a 6 mm OD probe, complete with weatherproof enclosure, sun shield and mounting bracket.  Operating range: -35¼C to +50¼C.  End-to-end accuracy: ± 0.3¼C over the entire operating range.

.3	Standard of Acceptance	-	Greystone TE-200-F, c/w 100K ohm parallel resistor.

6.31	Point Type “PS1” Ó� TC  "6.31	Point Type - PS1" \l 2 �

	.1	Description- Pipe Pressure Transducer

.2	Technical Performance - Brazed assembly with 300 series stainless steel parts that are in contact with the media, snap tract and circuit board c/w external pressure sensor and mounted in a NEMA 4 enclosure.  Accuracy  ± 0.3% span from best fit straight line.

.3	Standard of Acceptance	-	Greystone PGS-100

6.32	Point Type ÒPTS1Ó� TC  "6.32	Point Type - PTS1" \l 2 �

.1	Description  - Pipe Temperature Sensor, immersion type .

.2	Technical Performance - 10K ohm thermistor sensor encapsulated in a 6 mm OD, 50 mm long probe, with screw fitting for insertion into a standard thermowell.  Sensor assembly to be complete with enclosure and thermowell.  Operating range: -10¼C to 100¼C. End-to-end accuracy: ± 0.3¼C over the entire operating range.

.3	Standard of Acceptance	-	Greystone TE-200-C

6.33	Point Type ÒPTS2Ó� TC  "6.33	Point Type - PTS2" \l 2 �

.1	Description - Pipe Temperature Sensor, strap-on type.

.2	Technical Performance - 10K ohm thermistor encapulated in a stainless steel pad designed for strap-on installation.  Assembly to be complete with solid-state circuitry in an enclosure and connecting cable to the thermistor.  Operating range: -10¼C to 100¼C.  End-to-end accuracy: ± 0.3¼C over the entire operating range.

.3	Standard of Acceptance	-	Greystone TE-200-E-7

6.34	Point Type ÒRHSÓ� TC  "6.34	Point Type - RHS" \l 2 �

.1	Description - Relative Humidity Sensor Room Type. 

.2	Technical Performance - operating range:  10% RH to 90% RH, over a 0¼C to 60¼C temperature range.  End-to-end accuracy:  ± 3.0% of operating range, with maximum temperature dependence of 0.2% RH per ¼C change.  Assembly shall be complete with a baseplate for wall mounting, a rigid circuit board for all circuitry and the sensing element, and a ventilated enclosure.

.3	Standard of Acceptance	-	Greystone HS-150-B-02

	-		Hy-cal C102-H

6.35	Point Type ÒRTS1Ó� TC  "6.35	Point Type - RTS1" \l 2 �

.1	Description - Room temperature sensor complete with momentary override switch.

.2	Technical Performance - Assembly shall consist of a 10K ohm thermistor and related circuitry mounted on a circuit board/baseplate for wall mounting, complete with a vented, plastic enclosure.  Operating range: 10¼C to 30¼C.  End-to-end accuracy: ± 0.3¼C over the entire operating range.

.3	Standard of Acceptance	-	Greystone TE-200-AE-OR

6.36	Point Type ÒRTS2Ó� TC  "6.36	Point Type - RTS2" \l 2 �

.1	Description - Room Temperature Sensor, security type.

.2	Technical Performance - Assembly shall consist of a 10K ohm thermistor and related circuitry mounted on a rigid, metal cover plate designed for mounting into a recessed junction box.  The sensing element shall be attached directly to the cover plate.  Operating range: 10¼C to 30¼C.  End-to-end accuracy:  ± 0.3¼C over the entire pressure range.

.3	Standard of Acceptance	-	Greystone TE-200-AS

6.37	Point Type ÒRTS3Ó� TC  "6.37	Point Type - RTS3" \l 2 �

.1	Description - Room temperature sensor complete with momentary override switch, setpoint adjustment, and setpoint indication.

.2	Technical Performance - Assembly shall consist of a 10K ohm thermistor and related circuitry mounted on a rigid, metal cover plate designed for mounting into a recessed junction box.  The sensing element shall be attached directly to the cover plate.  Operating range: 10¼C to 30¼C.  End-to-end accuracy:  ± 0.3¼C over the entire pressure range.

.3	Standard of Acceptance	-	Greystone TE-200-IT

	-		Delta Intellistat RTS406

6.38	Point Type ÒVS1Ó� TC  "6.38	Point Type - VS1" \l 2 �

.1	Description - Velocity sensor (single point flow sensor).

.2	Technical Performance - 0 - 3000 FPM Adjustable 4Ó - 16Ó ducts.  (Thermal anemometer technology).

.3	Standard of Acceptance	-	BELIMO.

6.39	Point Type ÒVS2Ó� TC  "6.39	Point Type - VS2" \l 2 �

.1	Description - Air velocity sensor with thermal anemometer technology, using differential pressure signal from a flow grid in duct or VAV box inlet.

.2	Technical Performance - 

.3	Standard of Acceptance	-	

6.40	Point Type ÒWPSÓ� TC  "6.40	Point Type - WPS" \l 2 �

.1	Description -  (Window Position Switch) Point type ÒWPSÓ is used to describe a digital input connected to a dry contact which is part of a magnetic proximity switch on openable sections of glazing.  The dry contact will be open when the window is open, and closed when the window is closed.

.2	If the window supplier provides the proximity switches, and wiring from their dry contacts, to 300 mm above the window head above the openable section, use the CRS designation for the point.

PS 7 - OPERATING SYSTEM SOFTWARE POINT REQUIREMENTS� TC  "PS 7 - OPERATING SYSTEM SOFTWARE POINT REQUIREMENTS" \l 1 �

7.1	General� TC  "7.1	General" \l 2 �

	This clause contains a list of system points , not all of which will be applicable to this project.  Refer to the "Point Type" column on the points lists in Section 15930 to identify the points relevant to this project.

	The successful Contractor shall create and name all points indicated in the points lists.  Software points shall have the same characteristics on the graphic screens as the real or hardware points.  A few additional points may be required to comply with the intent of the generic logic, depending on the vendors system.  All software points to be located on the graphic screens as shown.

7.2	Point Type "AL"� TC  "7.2	Point Type - AL"\l 2 �

	Description: Alarm Point	

	Set up alarm points , if required, so that nuisance alarms are minimized.  Name as per points lists.  First name in "notes" is alarmed point while second is associated system point.  Route alarms to "AR" point and to the site terminal or modem.

7.3	Point Type "AS"� TC  "7.3	Point Type - AS"\l 2 �

	Description: Annual Schedule

	Annual schedules will allow the operator to set up the statutory holidays one year in advance.  When assigned to a weekly schedule the annual schedule will allow the weekly schedule to be overridden.

7.4	Point Type "CO"� TC  "7.4	Point Type - CO"\l 2  �

	Description: Controller

	A point which allows a software controller to be set up as P, PI, or PID.  The measured variable is noted as the first name in the "notes" column of the points lists, while the setpoint is the second.  Set up as required to provide stable operation with no "dithering" or hunting.  Output units are 0% to 100%.

7.5	Point Type "PG"� TC  "7.5	Point Type - PG"\l 2 �

	Description: Program

	This is the nomenclature for the point which contains the OCL programs that allow writing of the Òif, then, elseÓ statements.  Set up as detailed in the Generic Startup Logic.

7.6	Point Type "TL"� TC  "7.6	Point Type - TL"\l 2 �

	Description: Trend Log

	Trend log points to be set up as detailed in the points lists and PS 9. Points list trend logs have the points noted in the "notes" column separated by commas. e.g. HCV,SAT_SP,SAT,HCP.  Name as per points lists or BCBC Point Naming Convention if not on points lists.

7.7	Point Type "TZ"� TC  "7.7	Point Type - TZ"\l 2 �

	Description: Totalizers

	Set up totalizers for each digital output point in the system, except for outputs to floating point devices.  Name as per points list with units as hours.

7.8	Point Type "V"� TC  "7.8	Point Type - V"\l 2 " �

	Description: Variable

	Variable or software points may be analog or digital as required.  Set up as required in the points lists with the proper units, and as required to comply with the intent of the generic start-up logic. 

7.9	Point Type "WS"� TC  "7.9	Point Type - WS"\l 2 " �

	Description: Weekly Schedule

	Weekly schedules provide the software time clock for use in OCL.  Values are on or off.  Set up with times as directed by the Owner’s representative or Consultant.

PS 8 - INSTALLATION STANDARDS� TC  "PS 8 - INSTALLATION STANDARDS" \l 1 �

8.1	General� TC  "8.1	General" \l 2 �

	.1	The intention of this clause is to guide the Contractor as to the quality of installation that the Corporation requires.

	.2	The installation shall conform both to manufacturer's recommended procedures and all applicable codes and regulations to the approval of authorities having jurisdiction.

	.2	All installations to be performed by skilled and certified technicians and trades people.

	.4	All equipment installed shall be mechanically stable and, as necessary, fixed to wall or floor.  Anti-vibration mounts to be provided, if required, for the proper isolation of the equipment.

	.5	Equipment shall be installed so as to allow for easy maintenance access.  Equipment shall be installed such that it does not interfere in any way with access to adjacent equipment and personnel traffic in the surrounding space.

	.6	Equipment shall be installed in locations providing adequate ambient conditions for its specified functioning, allowing for adequate ventilation and with no condensate traps.

	.7	Co-operate with the construction team as a whole, to keep the job reasonably clear of waste material and rubbish at all times during progress of the work.

	.8	Under the overall direction of the General Contractor, coordinate activities and co-operate at all times with the principal Divisions 15 and 16 Contractors and other Contractors on the project concerning scheduling and installation of the work, all phases of commissioning, and access to work areas.

	.9	All points associated with a single zone or an individual system shall be connected to the same stand alone panel, and associated terminal unit controller.

8.2	Calibration� TC  "8.2	Calibration" \l 2 �

	.1	Set control points immediately after installing controls.

	.2	Set up and calibrate sensors and control loops during initial start-up of the systems and check, recalibrate and readjust as necessary during the Commissioning.

	.3	Submit documentation to the Owner’s representative before the systems performance verification indicating the final set points of all controls and  confirmation that all control systems have been checked.  Documentation may be graphic or tabular.

8.3	Electrical Work By The Controls Contractor� TC  "8.3	Electrical Work By The Controls Contractor" \l 2 �

	.1	The following clauses generally indicate the extent of responsibility for electrical wiring included for the controls system.

	.2	All wiring required for devices supplied under this Section of the Specifications, regardless of the voltage, shall be the responsibility of the Controls Sub-Contractor.

	.3	All such work shall be performed in complete accordance with the Electrical Specifications and local Codes and may include the following:  (Refer to Section 15920 for exclusions or additions).

		.1	Provision of control panels, pilot lights, selectors, relays, etc., required for the proper operation of the CCS.

		.2	Conduit and wiring from the starter control or ASD circuits to the mechanical system control panels including 110 V wiring.

		.3	Conduit and wiring required for the interlocking of mechanical system motor starters as required for the proper operation of the control system.

		.4	Wiring from pilot devices, relays, contactors, or other control interface devices supplied under other Sections of the Mechanical Specifications and referenced in the points lists, required to complete the control system.

		.5	Control wiring and interlocking required for refrigeration machines.

		.6	Wiring from spare 15 amp. circuit breakers in power panels for line voltage power sources where required by control system.  Circuit breakers shall be locking type.

		.7	Wiring of mechanical component controls, i.e., boilers, chillers, etc.

		.8	Two end switches on all dampers required for emergency controls (ULC labelled).

		.9	Power wiring and control wiring to stand alone panels and terminal unit controllers.

8.4	Electrical Work by the Electrical Contractor (DIV 16)� TC  "8.4	Electrical Work by the Electrical Contractor (DIV 16)" \l 2 �

	.1	Generally the Electrical Contractor shall be responsible for the electrical connections from starters to equipment motors, and the following: Refer to Section 15920 for exclusions or additions.

		.1	All disconnect switches on lock-out station at motor locations where required by Code.

		.2	Remote control on H.O.A. stations where they are not part of a mechanical control system panel.

		.3	Power wiring to line voltage thermostats controlling force flow units and unit heaters, and wiring to float devices for sump pumps, etc.

		.4	Power wiring to variable speed devices and from variable speed device to motors, where specified.

		.5	Spare 15 amp. emergency circuit, one on each floor for controls.

		.6	Supply and installation of the properly sized overload heaters in the magnetic starters and thermal overload switches.

8.5	Conduit, Wiring and Cabling� TC  "8.5	Conduit, Wiring and Cabling" \l 2 �

	.1	All work shall be installed to Division 16 Requirements.

	.2	Where there is no alternative to supplying equipment which is not CSA certified, submit such equipment to Inspection Authorities for special inspection and obtain approval before delivery of equipment to site. Such equipment must be individually identified in the Contractor's proposal.

	.3	Use coded conductors throughout with different coloured conductors for each phase and white wire for neutral. 

	.4	Low Voltage and Communications WiringÊÊ-ÊSize and type of low voltage control signal wiring shall be suitable for the service for which it will be put to use and be the responsibility of this Contractor; minimum wire size #18 AWG.

	.5	Identify each wire and cable at every termination point.  Identify all conduits with ÒneatÓ colour bands at no more than 7.5 m intervals and on both sides of walls and floors.

	.6	120 V circuits shall be, at a minimum, of #12 AWG RW-90 copper.  For runs over 50 m in length, use #10 AWG-RW90 copper.

	.7	All wiring in mechanical rooms and service rooms to be in conduit or raceway.  Provide 600 mm, B-X flexible connection to input and output devices where required for servicing or to accommodate vibration.

	.8	All communication wiring between stand alone panels and the Operator Interface shall be installed in conduit.  Wiring from SAPs to TUCs does not have to be in conduit except in mechanical and electrical rooms, and where direct access is not available.

	.9	All 120 V interlock wiring and power supplies for panels to be installed in conduit.

	.10	Provide 120 V power supplies to all main DDC panels, separately circuited from all other loads.

	.11	Low voltage wiring to input and output devices from SAPs and TUCs is not required to be installed in conduit except as noted.  Use plenum rated wire in areas used as return air plenums. Provide sleeves where wires pass through walls and floors.  Support wires from structure or fixed equipment in ceiling spaces at minimum 2 m intervals.

	.12	Several TUCs may be supplied from one 120 V power supply through a 120/24V transformer in accordance with the manufacturerÕs design. Only TUCs connected to the same SAP may be connected to a common power supply.

8.6	Control Hardware� TC  "8.6	Control Hardware" \l 2 �

	.1	Provide metal enclosures to meet NEMA specs for mounting motor control relays, wiring terminations, and components provided which require additional protection.

	.2	All components shall be positioned to provide easy access for maintenance or replacement.

8.7	Installation of Control Devices� TC  "8.7	Installation of Control Devices" \l 2 �

	.1	Sensors provided under this contract shall be installed in accordance with the manufacturer's prescribed procedure.

	.2	Sensors shall be rigidly mounted and mountings shall be adequate for the environment within which the sensor operates.

	.3	Supply approved thermal wells of the appropriate size and type for sensing water temperatures, as required in the Points List, to the mechanical contractor for installation.

	.4	All wires attached to sensors shall be air sealed in their conduits or in the wall to stop air transmitted from other areas affecting sensor readings.

	.5	Install labels on the inside covers of all room sensors identifying the point name using peel and stick labels such as the Brother labelling system.

8.8	Installation of Actuators� TC  "8.8	Installation of Actuators" \l 2 �

	.1	Where damper motors operate outdoor relief, exhaust and fresh air dampers, pretension damper drive linkage to ensure tight closure.

	.2	Do not install damper motors on ductwork of less than 0.76 mm thick without first reinforcing it.

	.3	Where a damper motor is installed on an insulated surface of a duct plenum, mount it on a stand-off bracket so as not to interfere with the continuity of the insulation.

	.4	Locate damper motors so that they are easily accessible for testing and servicing.

	.5	Damper motors shall be selected for the torque requirements of the damper.  Damper operators that are undersized for the application shall be replaced with larger operators, at no extra cost.

	.6	Provide one damper motor and linkage for every 2 m2 damper section area, or as required to meet the torque requirements of the damper under design air-flow conditions (or minimum of one damper motor per damper section).  Do not use two motors linked together on one shaft, or by jackshaft.

PS 9 - SUBSTANTIAL PERFORMANCE TEST PROCEDURES� TC  "PS 9 - SUBSTANTIAL PERFORMANCE TEST PROCEDURES" \l 1 �

9.1	Overview� TC  "9.1	Overview" \l 2 �

	The successful completion of a SEVEN (7) day acceptance test as described herein is a prerequisite to granting Substantial Performance.  Before the SEVEN (7)-day acceptance test may begin, the CCS must be completely operational including the following:

	.1	Every point shall be checked end to end to ensure accuracy and integrity of systems and be signed off by the Contractor and the Owner.

	.2	Generic Start up Code shall be written in Operator Control Language (OCL) and successfully control the systems.

	.3	Time schedules shall be built and in control of time-controlled equipment.

	.4	Graphic displays must be installed and fully operational for each graphic screen page as per the CCS Project Summary in Section 15930.

	.5	Each control loop measured variable, controlled variable and set point if calculated; shall be placed on a FIFTEEN (15)- minute continuous trend for at least TWENTY-FOUR (24) hours to prove stability of loop.

	.6	Each space sensor shall be placed on a THREE (3)-hour trend for One Hundred (100) samples.

	.7	Runtime totalizer shall be set on all digital outputs.

	.8	Load/save of panel programs must be demonstrated.

	.9	All features of system shall have been exercised.

	.10	Operator shall have been briefed on operation of system.

	.11	A trend on one panel shall be set up for a point from every other panel.  These points shall also be trended in their own panels for the same intervals.  Comparison of the two groups of trends will indicate if any communication problems are occurring during the SEVEN (7)-day test.

	.12	All alarms shall be operational.

	.13	Calibration of all sensors.

9.2	During SEVEN (7)-Day Test� TC  "9.2	During SEVEN (7)-Day Test" \l 2 �

	.1	Fire alarm shall be activated to ensure correct action of all fire and smoke sequences.

	.2	Power failure for building shall be simulated and system recovery monitored.

	.3	System must be available for Owner’s representative to exercise most features of the system.

	.4	Demonstration of modem operation will be required.  All functions of the CCS shall be accessed through the modem to prove operation.

	.5	Demonstration of hardware low limits and damper interlocks will be required.

	.6	Spot checks of points end-to-end integrity will be carried out. If several problems are identified, a complete reconfirmation of system integrity shall be carried out by the Contractor.  When reconfirmation has been completed, the 7 day test will be restarted.

	.7	Any upset of system operational functionality greater than 2 hours during the 7 day test shall cause the test to be restarted.

	.8	Printer shall be left on for complete SEVENÊ(7)-day test. All printouts will be kept for review at completion of test. An alarm printer shall be supplied by the Contractor if none is supplied in this contract.

	.9	Results of all tests shall be documented by the Contractor and submitted to the Engineer for review.

	.10	System speeds as defined in PS 4.2, PS 5.5, PS 5.7 and PS 5.8 will be tested during the 7-day test.

9.3	Training and Demonstrations� TC  "9.3	Training and Demonstrations" \l 2 �

	The complete training program, (refer to item PS 1.5) shall be carried out.  It may be convenient to schedule this during the 7 day test period.

9.4	Documentation� TC  "9.4	Documentation" \l 2 �

	The following documentation must also be in place before completion of SEVENÊ(7)-day test and the granting of Substantial Performance:

	.1	Panel layout sheets complete with point name, point address and wire identification number.  One copy attached to each respective panel door.

	.2	All points tagged with point name, point address and panel number.

	.3	System generated data sheets and graphics signed off by both the contractor and the consultant showing successful commissioning of each point.

	.4	As-Built control drawings showing interface with existing controls.

	.5	As-Built ladder wiring diagrams showing all hardware interlocks and panel input or output number.

	.6	Complete Operators Manual.

	.7	Apparatus and Maintenance Manual for all sensors, transducers, valves, operators, solid state relays, DDC main panels and zone controllers.

	.8	Graphic plates of floor plans showing sensors, terminals, devices, zoning and stand alone panel locations.

	.9	Electrical approval certificate.

	.10	All of the above information, with the exception of #2 (point tags) shall be bound and presented in TWO (2) manuals to be left on site.

	.11	A copy of each graphical screen page included in Section 15930 shall be signed off and dated by the successful Contractor, and the OwnerÕs representative.  Any changes shall be noted.  This signed set shall be left on site as the Òas installed drawingsÓ.

	In addition, a summary print out generated by the supplied system of each group of point types for each panel shall be printed after commissioning and calibration.  Each sheet shall be signed by the ContractorÕs commissioning person, and the OwnerÕs representatives.  The print out will be stored in a binder on site for reference by all parties.  If any changes are noted during spot checks they shall be manually written on the original print out with the date and signature of person noting changes.

9.5	Project Acceptance� TC  "9.5	Project Acceptance" \l 2 �

	Once the above basic requirements are met and all other features of the system are complete and acceptable, Substantial Performance shall be granted.  A deficiency list shall be prepared and holdbacks applied.  All deficiencies shall be corrected prior to Total Performance.  Warranty shall start from the date of Substantial Performance of the work.
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