SECTION 23 09 00
BUILDING CONTROL SYSTEMS

PART 1 - GENERAL

1.1 WORK INCLUDED

A. Pneumatic or combination pneumatic/Direct Digital Control (DDC) temperature control systems for mechanical equipment requiring control, as described in this Section and as shown on drawings.

B. Direct Digital Control (DDC) temperature control systems for mechanical equipment requiring control, as described in this Section and as shown on the drawings.

C. Combination fire and smoke dampers or smoke dampers shall be pneumatic with E/P signal. All other actuators shall be DDC type.

1.2 RELATED WORK

A. Section 23 05 00:  Common Work Results for HVAC
B. Section 23 05 23:  Valves

C. Section 23 29 23:  Variable Frequency Controllers (VFDs)

D. Section 23 05 16:  Hydronic Piping

E. Section 23 63 13:  Air Cooled Condensing Units

F. Section 23 57 00:  Heat Exchangers

G. Section 23 84 13:  Humidifiers

H. Section 23 82 39:  Heating Terminal Units

I. Section 15856:  Factory Custom Air Handling Units

J. Section 23 34 16:  Fans

K. Section 23 34 13:  Axial Fans

L. Section 23 34 23:  Power Ventilators

M. Section 23 37 13:  Air Distribution Devices

N. Section 15955:  Hydronic Flow Control Systems

O. Section 15960:  Air Flow Control Systems

P. Section 15965:  Laboratory Airflow Controls Systems

Q. Section 15970:  Building Management Systems

R. Section 23 09 93:  Control Sequences of Operation

1.3 SUBMITTALS

A. Submit a minimum of eight (8) copies of temperature control shop drawings, which include the following information:

1. Manufacturer’s catalog data for all components provided and installed for this project. Reference catalog data to the applicable specification article (e.g. 2.02A).

2. AutoCAD or Visio generated schematic drawings for the entire control system. Drawings shall include a diagram depicting the complete system architecture complete with a communications riser, point-to-point wiring diagrams, 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. 

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

4. 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.

5. System color graphics using AutoCAD or Visio generated schematic drawing. Dynamic points, menu icons, commandable points, etc. shall be clearly identified.

6. Identify color conventions proposed for all graphics.

7. Submit temperature control diagrams for each mechanical system served by the HVAC control system. Indicate and tag each input/output served by each control unit or intelligent device. Diagrams shall indicate control device setpoints and ranges.

8. Complete description of control sequences for each system.

B. Provide as-built diagrams and maintenance manuals to the Owner after completion of the project as required in Section 23 05 00, Common Work Results for HVAC. 

1. Control diagrams shall be corrected as necessary to show as-built conditions, including set points and ranges. 

2. Include AutoCAD drawings or Visio files of all generated shop drawings on CD-ROM disks.

3. Provide GUI Software users manual.

4. Include network management software user manual to each tool package provided.

5. Document all maintenance and repair/replacement procedures. Provide ordering number for each system component and supply source. Provide a list of recommended spare parts.

6. Provide documentation of network variables, network node configurations, priority interrupts, node binding, addressing structure, etc.

1.4 PRODUCT DELIVERY, STORAGE AND HANDLING

A. Do not install electronic hardware on the project until non-condensing environmental conditions have been established. 

B. Where control devices specified in this Section are indicated to be factory mounted on equipment, arrange for shipping the control devices to the unit manufacturer in a timely manner.

C. Store and protect against dirt, water, chemical, and mechanical damage.

1.5 ACCEPTANCE PROCEDURE

A. Upon completion of the installation, the Temperature Controls Contractor shall start-up the system and perform all necessary calibration and testing to ensure the proper operation of the control systems.

B. After all calibration and testing have been completed, the Contractor shall schedule a hardware demonstration and system acceptance test to be performed in the presence of the system manufacture and designated owner’s representatives.

PART 2 - PRODUCTS

2.1 ACCEPTABLE MANUFACTURERS

A. Temperature Control Equipment: Johnson Controls, Carrier Controls, Siemens Building Technologies or approved equal.

B. Temperature Control Equipment: Base Bid shall be for ___________________. Alternate may be submitted for _____________________________, or ____________________________.

C. Temperature Control Equipment: Only ________________ temperature control equipment will be acceptable, to match existing equipment in the building.

D. Carbon Monoxide/Carbon Dioxide Sensing System: Toxalert, Inc. or approved equal.

E. Electronic Valve Actuators: Belimo, Siemens, Johnson Control or approved equal.

F. Electronic Damper Actuators: Belimo or approved equal.

G. Control Dampers: Ruskin, Johnson Controls, Tamco or approved equal.

H. Control Valves: Belimo, Delta Control Products, Johnson Control, Siemens or approved equal.

I. Round Control Dampers: Ruskin, Johnson Controls, or approved equal.

J. Pressure Independent Flow Control Valves: Flow Control Industries or approved equal.

K. Pneumatic Pressure Switches: Mercoid, Dwyer, McDonnell and Miller.

L. Flow switches: McDonnell and Miller or approved equal.

M. Electronic VAV Box Air Flow Measuring Stations: Ebtron or approved equal.

2.2 SYSTEM REQUIREMENTS

A. Provide control systems consisting of thermostats, control valves, dampers, operators, indicating devices, and other apparatus required to operate mechanical system and to perform functions specified.

B. Provide necessary materials and field work necessary to connect control components factory supplied as part of equipment controlled, unless specified otherwise. 

C. The Temperature Control Contractor shall be responsible for the furnishing and installation of any piping wells or threadolets required for the installation of temperature or pressure sensors associated with his work. Piping wells shall comply with Section 22 05 19, Gauges and Thermometers.

D. Unless specified otherwise, provide fully proportional components.

E. All sensing elements shall be installed, calibrated, and tested.

F. System Manufacture: The system manufacture shall be national recognized and offer a full line of microprocessor based controls. System manufacture shall have installed and maintained projects of similar design for the past 10 years.

G. Controls Contractor: The controls contractor shall be certified by the system manufacture to install, program and service the system to be provided. The controls contractor must have at least 5 years experience installing similar project and have a servicing field office within 50 miles of this project.

H. Installation and Commissioning: The controls contractor under supervision of the system manufacture shall install all work of this section. Engineering, programming, calibration and testing shall be preformed by the controls contractor.

I. The Building Control System shall be a complete system designed for use on Intranets and the Internet.  This functionality shall extend into the equipment rooms.  Primary nodes located in equipment rooms and similar shall be fully IT compatible devices that mount and communicate directly on the IT infrastructure existing in the facility. Contractor shall be responsible for coordination with the Owner’s IT staff to ensure that the Building Control System will perform in the Owner’s environment without disruption to any of the other activities taking place on that LAN.

J. All points of user interface shall be on standard PCs that do not require the purchase of any special software from the Building Control System manufacturer for use as a building operations terminal. The primary point of interface on these PCs will be a standard Web Browser such as Internet Explorer or Netscape.

K. Where necessary and as dictated elsewhere in these Specifications, servers shall be used for the purpose of providing a location for archiving system configuration data, and historical data such as trend data and operator transactions. All data stored will be through the use of a standard data base platform: Microsoft Data Engine (MSDE) or Microsoft SQL Server as dictated elsewhere in this specification.

2.3 ELECTRICAL STANDARDS

A. The Temperature Control Contractor will be responsible for all control wiring and power wiring required in conjunction with the temperature control system.  All electrical components furnished and wiring performed under this section shall comply with standards and practices set forth in Division 16 and, where applicable, furnished components shall be the product of an approved manufacturer listed in that division.

B. The Temperature Control Contractor shall provide 120V power as required for stand-alone controllers, VAV boxes and other equipment as part of this system.

C. Power shall be fed from 20 amp, 120 volt circuits from nearest electrical panel board. Do not exceed 16 amps per circuit.  Refer to electrical drawings for electrical panel allocation. Coordinate the electrical power requirements with the Division 16 contractor to assure proper breaker sizes are available.  Any changes in breaker sizes will the temperature control contractors responsibility.

D. All work within the electrical panel boards shall be performed by the original installing contractor.  The temperature control contractor shall secure the services of such electrical contractor and coordinate work in a timely manner.

E. Unless noted otherwise, thermostats and aquastats for unit heaters, cabinet unit heaters and exhaust fans shall be provided by this section and installed under Division 16. Wiring for temperature control air compressor and air dryer will be provided under Division 16.

2.4 AIR COMPRESSOR AND RECEIVER

A. Provide a (simplex) (duplex) belt driven air compressor and ASME tank unit complete with belt guard, silencers, moisture trap, flexible connections, air cleaner, automatic and manual drain assemblies, oil and particle filter (0.5 microns), 4 inch diameter pressure gauge, magnetic starters with circuit breaker over-current protection, vibration isolation pads, and pressure reducing and pressure relief valve.

B. Sizing of compressor and storage tank shall limit compressor starts to 6 maximum per hour and 33% running time. Maximum compressor speed is 500 RPM. Sizing shown in the schedule on the drawings is for preliminary electrical service requirements only and shall be verified by Contractor.

C. Provide alternator to operate each compressor alternately with provision for second compressor to start on demand. Cycle compressors through pressure switch. Provide a manual override switch to omit alternator.

D. Provide refrigerated air dryer with moisture separator and drain trap assembly piped to a floor drain. Dryer shall have capacity to lower dew point to a minimum 10o F. at 20 psig. Provide by-pass around dryer.

E. Provide two-pressure system to serve dual maximum VAV boxes, with a relay to switch the pressure to the boxes when heating water temperature rises above 110o F.

F. Provide a two-pressure system with a summer/winter switch to serve dual maximum VAV boxes. In the summer, the main pressure will be 18 psig. In the winter, the pressure will be 23 psig. When the pressure is in the summer mode, the dual maximum capability of the VAV boxes will be locked out. See Section 23 37 13, Air Distribution Devices, for additional information.

2.5 COMPRESSED AIR SOURCE

A. Make connection to existing compressed air system and extend piping to serve equipment provided under this contract.

2.6 AIR PIPING

A. Provide complete air piping for pneumatic control system, adhering to highest standard of quality and appearance and subject at all times to the approval of the Engineer.

B. Pipe shall be of seamless hard or soft drawn copper tubing or non-metallic tubing as specified below. All piping shall be concealed except in mechanical rooms or areas where other piping is exposed.

C. Non-metallic tubing shall be virgin flame retardant polyethylene, ASTM Type 1, Grade 5, Class B or C, meeting stress crack test performed per ASTM D1693-60T. Individual tube polyethylene or multi-tube instrument tubing harness must be classified as flame retardant and must be rated as self-extinguishing when tested under ASTM D635 flammability test. Tubing located in air plenum ceilings shall meet applicable fire codes.

D. Use hard drawn Type L copper tubing for all tubing in the mechanical rooms, for all high pressure mains over 25 psig, and for single tubes in all exposed areas. If concealed in an inaccessible location, either hard drawn or annealed Type L shall be used. Where copper tubing is run exposed, securely fasten each tube at regular intervals and run parallel to the lines of the building. Tool made bends are allowable only in 1/4 inch and 3/8 inch tubing sizes.

E. All non-metallic tubing run in mechanical or finished spaces where other tubing is exposed shall be run within adequately supported rigid metallic raceway or EMT. If the run is less than 12 inches, flexible polyethylene may be used. Tubing from conduit to controller shall be protected by a flexible metal sheath.

F. Non-metallic tubing installed in concealed areas such as pipe chases, inaccessible suspended ceilings, or within walls (except drywalls) shall be installed in rigid conduit, cable trays, or EMT.

G. In concealed but accessible locations, such as above lift out or removable ceilings, control panels, dry wall partitions, etc., use Type M soft copper or, if permitted by local code authority, non-metallic tubing may be used. If non-metallic tubing is acceptable for use and is used, tubing drops down walls shall be encased in an abrasion resistant sheath. In return air plenums Dekoron Type FR, or equal, polyethylene tubing with a flame spread rating of not more that 25 to ASTM Standards may be used, if permitted by local code authority.

H. Do not install tubing in a concrete pour or below a concrete pour on the ground.

I. Do not attach tubing directly to metal surfaces subject to vibration, nor attach in any manner that would allow the generation of noise.

J. Install all tubing in such a manner so as not to be exposed to extreme temperatures or temperature changes to prevent condensation in the lines or damage to the system.

K. Fittings for polyethylene tubing shall be for instrument service and shall be brass or delrin of the compression type or brass-barbed type.

L. Fittings for copper tubing shall be brass or copper solder joint type except at connection to apparatus, where brass compression type fittings shall be used.

M. Tubing installed inside or behind control panels and within the enclosures of air handling, units, etc., shall be color coded or number coded polyethylene. Tubing must be neatly tied and supported. Flexible connections bridging the cabinet and its door shall be neatly tied and supported. Flexible connections bridging the cabinet and its door shall be neatly fastened along the hinge side and protected against abrasion.

N. All tubing, except local individual room control, shall be number coded, or color coded and keyed to the submittal drawings for future identification and for servicing of the control system.

O. Provide a minimum of two spare tubing runs in any polyethylene tubing bundle or group containing six or more tubes and so marked on each end.

P. Install pressure gauges on branch lines, at each controller in control panels, and at each relay in control panels.

Q. Provide airlines, check valves, and hand valves to expansion tanks.

R. All tubing associated with the fire or smoke control sequences shall be metallic and located within mechanical rooms wherever possible.

S. Pneumatic lines shall be supported independently from any piping or ductwork.

2.7 CONTROL PANELS

A. Provide local panels of unitized cabinet type for each system under automatic control. Mount relays, switches, and controllers with control point adjustment in cabinet and temperature indicators, pressure gauges, pilot lights, push buttons and switches flush on cabinet panel face.

B. Fabricate panels from 14 gauge furniture steel with baked enamel finish and hinged key lock door.

C. Mount panels adjacent to associated equipment on vibration free walls or free standing steel angle supports. One cabinet may accommodate more than one system in same equipment room. Provide engraved plastic name plates for instruments and controls inside cabinet and on cabinet face.

D. Cabinets shall be UL listed for use with line voltage devices where applicable.

2.8 THERMOWELLS

A. Furnish and install thermowells where required for temperature controls and building automation system functions.

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

C. Thermowells shall be constructed of the following materials:

1. Chilled and hot water: Brass.

2. Steam: 316 stainless steel.

3. Brine (salt solutions): Marine grade stainless steel.

2.9 ELECTRIC - TO - PRESSURE TRANSDUCERS

A. Electric - to - pressure transducers shall convert a pulse width modulated signal from the DDC controller into a 0 - 15 psi signal to drive valves and actuators. Provide pressure gauge on pneumatic output of each electric to pressure transducer and on the pneumatic input to each pressure to electric transducer.

B. E/P transducers shall be equipped with the following features:

1. Separate span and zero adjustment.

2. Manual output adjustments.

3. Pressure gauge assembly.

4. Feedback loop control.

5. Air consumption 0.1 scfm and midrange.

2.10 WATER FLOW SWITCHES

A. UL listed, suitable for the service application intended. Body working pressure shall be equal to or exceed service pressure.

B. Unit shall have two SPDT switches. Actuating rated flow shall be field adjustable for the specified and indicated service.

C. Switch location shall preclude exposure to turbulent or pulsating flow conditions. Flow switch shall not cause a pressure drop exceeding 2 psi at maximum flow rate.

2.11 SURFACE MOUNTED THERMOSTATS (AQUASTATS)

A. 120 volt surface mounted thermostat designed for mounting on pipes.

B. When used as high limit control, the contacts shall open on a rise in temperature. When used as a low limit control, the contacts shall open on falling temperature.

2.12 CURRENT TRANSFORMERS (DDC)

A. 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.

B. Current transformers shall transform power current to a signal that is compatible with the DDC unit. The transformers shall meet the following specifications:

1. Frequency limits: 50 to 400 Hz.

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

3. Accuracy: + 1% at 5.0 to 25.0 VA accuracy class with UPF burden.

4. Provide a disconnect switch for each current transformer.

2.13 CURRENT SENSING SWITCHES

A. Current sensing switch shall be designed to be installed or removed without dismantling the primary bus or cables. The switch shall be of a split core design.

B. 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 overcurrent up to twice its trip into range.

2.14 PNEUMATIC ROOM THERMOSTATS

A. Pneumatic room thermostats shall be of the two-pipe, non-bleed, or "relay" type design, fully proportional with adjustable throttling range and tamper-proof locking settings.

B. Provide single or dual-temperature, direct acting or reverse acting thermostats as called out in Section 23 09 93, Sequences of Operation.

C. Dual-temperature thermostats shall be provided with two (2) independent setpoint dials for selecting day and night temperature setpoints. If two (2) independent setpoint dials are not available in the manufacturer's standard product line, provide two (2) independent room thermostats, one for day temperature setpoint and one for night temperature setpoint. Provide knobs permitting restoration of day setpoints during unoccupied periods.

D. Thermostats shall be deadband type room thermostats with Fahrenheit scale, gradual-acting, adjustable sensitivity. Provide covers with concealed set point adjustment, and set point indication. Provide locking type covers. Sensing element shall be insulated from the thermostat base for maximum responsiveness.

E. For checkout purposes, provide either a quick-connect test plug for checking branch pressure (accessible by removal of the thermostat cover) or permanently-mounted pressure gauges at each control device supplied by the thermostat branch signal.

2.15 PNEUMATIC TEMPERATURE SENSORS

A. Provide master space temperature sensors and other space temperature indicating sensors of the linear output type utilizing pneumatic transmission and a full-range pressure change of 3 - 15 psig.

B. All sensors shall be located at the point of measurement.

C. Provide averaging element sensors with a minimum of 8 feet total element length.

D. All sensors in ducts shall be either of the averaging or bulb type as required for the proper execution of the Sequence of Operation.

E. Water temperature sensors shall be of the bulb type, mounted within brass or stainless steel wells filled with a heat conductive compound and in direct contact with the water within the pipe.

F. The transmitted signal may be piped to an indicator, recorder, controller or any combination of these.

2.16 PNEUMATIC SPACE AND DUCT HUMIDITY SENSORS

A. Provide sensors with a minimum sensing span of 30 - 80% RH for a 3 - 15 psig pressure change, temperature compensated and with factory calibrated adjustment.

2.17 PNEUMATIC PRESSURE SENSORS

A. Provide pressure sensors of the direct or reverse acting type with an adjustable operating range of 0 to 100 psig.

B. Provide differential pressure transmitters capable of measuring differential pressures from 0 to 5 inches w.g. and convert this pressure to a 3 to 15 psig signal.

2.18 PNEUMATIC PRESSURE SWITCHES

A. All pressure sensing elements shall be corrosion resistant. Pressure sensing elements shall be bourdon tubes, bellows, or diaphragm type. Unit shall have tamper-proof adjustable range and differential pressure settings.

B. Pressure sensor switch contacts shall be snap action micro-switch type. Sensor assembly shall operate automatically and reset automatically when conditions return to normal. Complete sensor assembly shall be protected against vibration at all critical movement pivots, slides, etc.

C. Differential pressure switches shall be vented to withstand a 50% increase in working pressure without loss of calibration.

D. Provide pressure sensors of the direct or reverse acting type with an adjustable operating range of 0 to 100 psig.

E. Provide differential pressure transmitters capable of measuring differential pressures from 0 to 5 inches w.g. and convert this pressure to a 3 to 15 psig signal.

2.19 PNEUMATIC RECEIVER-CONTROLLERS

A. Provide temperature, humidity, static pressure, dewpoint, etc. controllers of the high capacity proportional-integral receiver-controller type, fully adjustable, direct or reverse acting, two-pipe, non-bleeding design, capable of accepting one or two transmitter inputs with a separate third input port for local or remote control point readjustment, and adjustable proportional band.

B. Each pneumatic controller shall be selected and designed to perform within the overall control system accuracy specified. All controllers shall have test gauge connections or permanently installed 1-1/2 inch pressure gauges. No controllers shall be mounted on ducts that can be mounted in the control panel.

C. Provide at each sensing input on the controller 1-1/2 inch diameter dial indicators with scales to match the input range and stated in degrees F., percent humidity or inches of water.

D. Main air and control output or branch pressure shall be supplied with a permanently installed 1-1/2 inch diameter pressure gauge.

2.20 ELECTRIC THERMOSTATS

A. 24 volt or 120 volt heating only or heating/cooling thermostats as described under Sequences of Operation.

B. Heating only thermostats SPST switch action with "auto/off/fan" switch. Heating/cooling thermostats with SPDT switch action.

C. Concealed set point adjustment. Direct or reverse acting as described under Sequences of Operation.

D. Provide tamperproof covers on all thermostats except those located in mechanical, telephone and electric rooms.

2.21 ELECTRIC FREEZESTATS

A. Manual reset adjustable setpoint type electric low temperature detection thermostats with 20 foot elements located to ensure maximum protection. Control shall be of type that cannot be manually reset until temperature sensed rises 10o F. above the setpoint. The thermostat switch housing shall be installed near the highest point of the coil and be located outside the airstream.

B. Thermostat shall be designed to operate in response to the coldest 16 inch length of the sensing element regardless of the temperature at the other parts of the element.

C. Provide separate thermostats for each 25 square feet of coil face area or fraction thereof. Wire in series to provide complete protection of the coil.

D. For remote bulb elements use either averaging type or suitable length for air or rigid bulb type for liquids. Use stainless steel flanges to support elements in ducts. In liquids, use separable wells.

2.22 ELECTRONIC FREEZESTAT

A. Averaging electronic freeze protection sensor with 24 foot elements located to ensure maximum protection.

B. Provide separate sensors for each 25 square feet of coil face area or fraction thereof. Wire in series to provide complete protection of the coil.

C. Thermostat switch housing shall be installed near the highest point of the coil and located outside the airstream.

D. Control shall be programmed so the sensor cannot be manually reset until the temperature sensed rises 10o F above the setpoint.

E. Operating range: -30o F. to +130o F.

2.23 ELECTRONIC TEMPERATURE SENSORS AND TRANSMITTERS

A. Provide sensors and transmitters required to provide desired control sequences and specified accuracy.

B. Temperature transmitters shall be equipped with individual zero and span adjustments. The zero and span adjustments shall be non-interactive to permit calibration without iterative operations. Provide a loop test signal to aid in sensor calibration.

C. Temperature transmitters shall be sized and constructed to be compatible with the monitored medium. Transmitters shall be equipped with a linearization circuit to compensate for non-linearities of the sensor and bridge and provide a true linear output signal.

D. Temperature sensors shall be of the resistance type and shall be either three wire 100 ohm platinum RTD, or two wire 1000 ohm platinum RTD.

E. Control system operating software shall be equipped with a self-calibrating feature for temperature sensors.

F. Provide the following accuracys and operating ranges,  and include errors associated with the sensor, lead wire and A to D conversion:

1. Outdoor air: + 0.5( F. Operating range: -30o F. to +130o F. 

2. Duct temperature: + 0.5( F. Operating range: +40o F. to +140o F. for conditioned air,  -30o F. to +130o F. for unconditioned outdoor air.

3. Room temperature: + 1.0( F. Operating range: +40o F. to +140o F.

4. Chilled water: + 0.5( F. Operating range: 32o F. to 90o F.

5. Condenser water: 40o F. to 140o F. Operating range: 40o F. to 140o F.

6. Hot water: + 0.5( F. Operating range: 0o F. to 250o F.

7. Low pressure steam: + 0.5( F. Operating range: 0o F. to 250o F.

8. High pressure steam: + 0.5( F. Operating range: 100o F. to 350o F.

9. Sensors used in BTU or process calculations: + 0.1o F.

G. Outdoor air sensors: Sensor shall be designed to withstand the environmental conditions to which they will be exposed. They shall be provided with a solar shield. Sensors exposed to wind velocity pressures shall be shielded by a perforated plate surrounding the sensor element. Temperature transmitters shall be of NEMA 3R construction and rated for ambient temperatures.

H. Duct type sensors: Sensors shall be insertion type and constructed as a complete assemble including lock nut and mounting plate. Mount in a handy box through a hole in the duct and be positioned so as to be easily accessible for repair or replacement. A neoprene grommet (sealtite fitting and mounting plate) shall be used in the sensor assemble to prevent air leaks. Duct sensors probe shall be constructed of 304 stainless steel. For outdoor applications, use weatherproof mounting box with weatherproof cover and gasket.

I. Averaging duct type sensors: For ductwork greater than 48 inches in any dimension or where temperature stratification exists, utilize an averaging sensor with multiple sensing points. The averaging sensor shall be a 304 stainless steel tube with holes extending across the duct or plenum to be sampled. A bleed hole outside the duct or plenum causes the air to enter the sample tube and exit the bleed hole. The averaging sensor shall be installed complete with end cap, compression fittings, gaskets, mounting flange and required accessories. Provide capillary supports at the sides of the duct to support the sensing string.

J. Room sensors: Provided with a cover to conceal and protect sensing element. Thermistor with 100 ohm/(F resistance change versus temperature change. Thermistor shall produce 3000 ohms at 77(F for calibration. Provide with vertical base for mounting on a standard single gang junction box. 

2.24 ELECTRONIC RELATIVE HUMIDITY SENSORS/TRANSMITTERS

A. Sensor shall be a solid state, resistance type relative humidity sensor of the Bulk Polymer Design. The sensor element shall be washable and shall resist surface contaminations.

B. Humidity transmitter shall be equipped with non-interactive span and zero adjustments, a 2 wire isolated loop powered, 4-20 ma, 0-100 vdc linear proportional output.

C. The humidity transmitter shall meet the following overall accuracy including lead loss and A to D conversion:

1. Room type sensor: + 3% RH over 0 – 100% RH range.

2. Duct type sensor: + 2% RH over 0 – 100% RH range.

3. High accuracy sensors: + 1% RH over 30-80% RH range.

D. Outdoor air relative humidity sensors shall be installed in a rain proof, perforated cover. 

E. Provide a single point humidity calibrator, if required, for field calibration. Transmitters shall be shipped factory pre-calibrated.

F. Duct type sensing probes shall be constructed of 304 stainless steel and be equipped with a neoprene grommet, bushing and a mounting bracket.

2.25 ELECTRONIC PRESSURE SENSORS

A. Solid state sensing element with low hysteresis, excellent repeatability and long term stability.

B. Zero and span trimmers for field adjustment.

C. Connect sensors to appropriate interface equipment to perform function intended.

2.26 ELECTRONIC DIFFERENTIAL PRESSURE TRANSMITTERS

A. Pressure transmitters shall be constructed to withstand 100% pressure over-range without damage and to hold accuracy when subject to a momentary 40% over-range signal.

B. Pressure transmitters shall provide the option to transmit a 0 to 5V dc, 0 to 10V dc, or 4 to 20 mA output signal.

C. 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).

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

E. Low air pressure, differential pressure transmitters used for room pressurization control shall be equipped with a LED display indicating the transmitter output signal.

F. Duct sensing pressure applications where the velocity exceeds 1500 fpm shall utilize static pressure traverse probes.

G. Low air pressure application (0 to 0.5 inches W.C.)

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 signal with the following minimum performance specifications:

a. Span: Not greater than two times the design space differential pressure.

b. Accuracy: + 0.5% of full span.

c. Dead band: Less than 0.3% of output.

d. Repeatability: Within 0.2% of output.

e. Linearity: + 0.2% of span.

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

g. Temperature stability: Less than 0.01% output shift per degree F change.

2. The transmitter shall utilize variable capacitance sensor technology and be immune to shock and vibration.

H. Medium to high air pressure application (0.5 inches to 10.0 inches W.C.)

1. The pressure transmitter shall be similar to the low air pressure transmitter. Provide differential pressure transmitters which meet the following performance requirements:

a. Zero and span: (% full scale per degree F): 0.041% including linearity, hysteresis and repeatability.

b. Accuracy: 1% of full scale (best straight line).

c. Static pressure effect: 0.5% of full scale (to 100 psig)

d. Thermal effects: Less than + 0.03% of full scale per degree F over 40( F to 100( F (calibrated at 700( F).

I. Low differential water pressure applications (0 inches to 20 inches W.C.)

1. The differential pressure transmitter shall be of industrial quality and transmit a linear, 4 to 20 mA output in response to variation of flow meter differential pressure or water pressure sensing points.

2. The differential pressure transmitter shall have a non-interactive zero and span adjustments adjustable from the outside cover and meet the following performance specifications:

a. 0.01 to 20 inches W.C. input differential pressure range.

b. 4 – 20 mA output.

c. Maintain accuracy up to 20 to 1 ratio turndown.

d. Reference accuracy: + 0.2% of full span.

J. Medium to high differential water pressure applications (21 2inches W.C. to 100 psi)

1. The differential pressure transmitter shall meet the low pressure transmitter specifications except the following:

a. Differential pressure range 21 inches W.C. to 100 psi.

b. Reference accuracy: + 1% of full span (includes non-linearity, hysteresis, and repeatability).

2. Bypass valve assembly: Mount stand-alone pressure transmitters in a bypass valve assemble panel. The panel shall be constructed to NEMA 1 standards. The transmitter shall be installed in the panel with high and low connections piped and valved. Air bleed units, bypass valves and compression fitting shall be provided.

2.27 WEATHER STATION INSTRUMENTATION

A. Provide weather monitoring equipment at accessible location where measurements will not be affected by local conditions. Provide weatherproof protection for the sensing elements which shall include:

1. Outside air temperature, resistance type sensing element shall have a range of -40o F. to 140o F. Sensing element shall be interchangeable with + 1o F. accuracy at 70o F.

2. Barometric pressure sensing element(s) placed so the measurement signal is unaffected by wind. Use multiple elements in necessary. Measure inches of water column in 0.001 inch units between 310 and 450 inches.

2.28 PNEUMATIC ACTUATORS

A. All actuators shall be sized to operate their appropriate dampers or valves with sufficient reserve power to provide smooth modulating action or two-position action as specified.

B. Actuators for Variable Air Volume boxes will be furnished and installed by the box manufacturer.

C. Wherever possible, actuators shall be located out of the airstream.

D. Spring ranges shall be selected for proper sequencing.

E. Provide pressure gauges on pneumatic actuators at the following locations, to indicate the air pressure on the device.

1. Air handling unit heating and cooling valves.

2. Air handling unit return, relief and outdoor air dampers.

3. Humidifier control valves.

4. EP switches for smoke or combination fire and smoke dampers.

2.29 ELECTRONIC DAMPER ACTUATORS

A. Electronic actuators shall be electric, direct coupled type capable of being mounted over the shaft of the damper. They shall be UL listed. Power consumption shall not exceed 8 watts or 15 VA of transformer sizing capacity per high torque actuator. Damper actuators will not produce more than 62dBA when furnished with a mechanical fail-safe spring. Non-spring return actuators shall comform to a maximum noise of 45dBA.

B. Electronic overload protection shall protect actuator motor from damage. Internal end switch type actuators are nor acceptable. Actuators may be mechanically end 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 the control signal as operation requires.

C. Provide actuators and controllers for Variable Air Volume boxes.  Send to the VAV box manufacturer’s factory for factory installing. Calibration of those controllers remains the responsibility of the Temperature Control Contractor.

D. Control damper actuators:

1. Outdoor air and ventilation air intake and exhaust damper actuators shall be proportional and shall accept a 0-10Vdc or 0-20mA input signal spring return closed. Return air damper actuators shall be proportional and shall accept a 0-10Vdc or 0-20mA input signal spring return open. Other actuators can be drive open, drive closed type two position actuators. The minimum torque for any actuator shall be 50 in-lbs.

2. Provide auxiliary switches on damper shafts or blade switch to prove damper has opened on all air handling equipment handling 100% outdoor air and greater than 2.5 inches total static pressure.

E. Air terminal actuators:

1. Actuators shall be minimum 35 in-lb torque and use fully modulating floating (drive open, drive closed) 3 wire control or use control circuit as detailed in control dampers depending on the controllers required.

2.30 CONTROL DAMPERS 

A. Dampers supplied under this section shall be sized by the Control Contractor and installed by the Sheet Metal Contractor. Sheet Metal Contractor will provide any required blank-off pieces and inspection doors for proper installation or transitions necessary to accommodate the dampers furnished under this section.

B. Furnish automatic dampers wherever shown on the drawings or specified herein that are not included as a part of a factory built air handling unit. Provide automatic dampers for exhaust fans unless specifically stated otherwise elsewhere in the specifications or on the drawings.

C. Outside air and return air dampers for mixing plenums shall be parallel blade dampers arranged to direct the two airstreams together for mixing, unless otherwise noted on drawings. All other throttling dampers shall be opposed blade. Two position dampers can be either parallel or opposed blade type.

D. Control damper: Equal to Ruskin CD50 low leakage extruded aluminum control damper.

1. Damper frame: Extruded aluminum (6063T5) hat channel shall not be less than 0.125 inch thickness. 

2. Blades:  Heavy gage extruded aluminum (6063T5) airfoil shape.

3. Blade edge seals: Extruded Ruskiprene (TPR), extruded double edge design with inflatable pocket which enables air pressure from either direction to assist in blade to blade seal off. Seals shall be mechanically locked in extruded blade slots, and shall be easily replaceable on the field. 

4. Frame jamb seals: Flexible metal compressible type.

5. Bearings: Non-corrosive molded synthetic. 

6. Axles: Hexagonal to provide positive locking connection to blades and linkage. Linkage shall be concealed in frame.

7. Dampers to be designed for operation in temperatures ranging between -40°F (-40°C) and 212°F (100°C).

8. Dampers shall be available with either opposed blade action or parallel blade action.

9. Air leakage through a 48 inch x 48 inch damper shall not exceed 5.2 CFM/sqft. against 4 inches W.G. differential static pressure at standard air. Standard air leakage data to be certified under the AMCA certified ratings program.

10. Dampers shall be made to size required without blanking off free area.

11. Installation of dampers shall be in accordance with manufacturer’s installation guidelines.

12. Provide this style of damper at the following areas:

a. Outside air and return air dampers for all air handling units except those with factory assembled mixing boxes.

b. Pressure reliefs through the roof or wall.

c. Combustion air intake.

d. Ventilation outside air intake for boiler room, mechanical equipment rooms and elevator equipment rooms.

e. Outside air, exhaust air and recirculation air for emergency generator.

f. Exhaust fans where dampers are not provided with fan.

E. Control damper: Equal to Ruskin CD60 low leakage control damper.

1. Damper frame: Galvanized steel hat channel reinforced with corner braces. 

2. Blades: Galvanized steel airfoil shaped, double skin construction of 14 gage equivalent thickness.

3. Blade edge seals: Extruded Ruskiprene (TPR), extruded double edge design with inflatable pocket which enables air pressure from either direction to assist in blade to blade seal off. Seals shall be mechanically locked in extruded blade slots, and shall be easily replaceable on the field. 

4. Frame jamb seals: Flexible metal compressible type.

5. Bearings: Corrosion resistant, permanently lubricated stainless steel sleeve type turning in an extruded hole in the damper frame.

6. Axles: Square or hexagonal to provide positive locking connection to blades and linkage. Linkage shall be concealed in frame.

7. Dampers to be designed for operation in temperatures ranging between -40°F (-40°C) and 212°F (100°C).

8. Dampers shall be available with either opposed blade action or parallel blade action.

9. Air leakage through a 48 inch x 48 inch damper shall not exceed 5.2 CFM/sqft. against 4 inches W.G. differential static pressure at standard air. Standard air leakage data to be certified under the AMCA certified ratings program.

10. Dampers shall be made to size required without blanking off free area.

11. Installation of dampers shall be in accordance with manufacturer’s installation guidelines.

12. Provide this style of damper at the following areas:

a. Outside air and return air dampers for all air handling units except those with factory assembled mixing boxes.

b. Pressure reliefs through the roof or wall.

c. Combustion air intake.

d. Ventilation outside air intake for boiler room, mechanical equipment rooms and elevator equipment rooms.

e. Outside air, exhaust air and recirculation air for emergency generator.

f. Exhaust fans where dampers are not provided with fan.

F. Control damper: Equal to Ruskin CDTI50 low temperature extruded aluminum control damper with insulated blades.

1. Damper frame: Extruded aluminum (6063T5) hat channel shall not be less than 0.125 inch thickness. 

2. Blades:  Heavy gage extruded aluminum (6063T5) airfoil shape. Blades injected with two part high density polyurethane foam. Each blade provided with a thermal isolation gap.

3. Blade edge seals: Extruded Ruskiprene (TPR), extruded double edge design with inflatable pocket which enables air pressure from either direction to assist in blade to blade seal off. Seals shall be mechanically locked in extruded blade slots, and shall be easily replaceable on the field. 

4. Frame jamb seals: Polycarbonate.

5. Bearings: Pressure molded low temperature Lexan. 

6. Axles: Hexagonal to provide positive locking connection to blades and linkage. Linkage shall be concealed in frame.

7. Dampers to be designed for operation in temperatures ranging between -40°F and 200°F.

8. Dampers shall be available with either opposed blade action or parallel blade action.

9. Air leakage through a 48 inch x 48 inch damper shall not exceed 4 CFM/sqft. against 4 inches W.G. differential static pressure at standard air. Standard air leakage data to be certified under the AMCA certified ratings program.

10. Dampers shall be made to size required without blanking off free area.

11. Installation of dampers shall be in accordance with manufacturer’s installation guidelines.

12. Provide this style of damper at the following areas:

a. Outside air and return air dampers for all air handling units except those with factory assembled mixing boxes.

b. Pressure reliefs through the roof or wall.

c. Combustion air intake.

d. Ventilation outside air intake for boiler room, mechanical equipment rooms and elevator equipment rooms.

e. Outside air, exhaust air and recirculation air for emergency generator.

f. Exhaust fans where dampers are not provided with fan.

G. Control damper: Equal to Tamco Series 1000 Air-Foil Control Damper as manufactured by T.A. Morrison & Co. Inc. (Tel. 1-800-561-3449 USA & Canada). 

1. Damper frame: Extruded aluminum (6063T5), shall not be less than .080 inch (2.03mm) thickness. Damper frame to be 4 inches (101.6mm) deep.

2. Blades: Extruded aluminum (6063T5) profiles.

3. Blade seals: Extruded EPDM. Gaskets to be secured in an integral slot within aluminum extrusions.

4. Frame seals: Extruded TPE. Gaskets to be secured in an integral slot within aluminum extrusions.

5. Bearings: Comprised of a celcon inner bearing fixed to a 7/16 inch (11.11mm) aluminum hexagon blade pin rotating within a polycarbonate outer bearing inserted in frame.

6. Linkage hardware shall be installed in frame side and be constructed of aluminum and corrosion resistant, zinc and nickel plated steel, complete with cup-point trunnion screws for slip-proof grip.

7. Dampers to be designed for operation in temperatures ranging between -40°F (-40°C) and 212°F (100°C).

8. Dampers shall be available with either opposed blade action or parallel blade action.

9. Air leakage through a 48 inch x 48 inch (1220mm x 1220mm) damper shall not exceed 10.3 CFM/sqft. (52 l/s/m2) against 4 inches (1kPa) W.G. differential static pressure at standard air. Standard air leakage data to be certified under the AMCA certified ratings program.

10. Pressure drop of a fully open 48 inches x 48 inches (1220mm x 1220mm) damper shall not exceed 0.2 inches (.004kPa) W.G. at 1000 FPM (5.08 m/s).

11. Dampers shall be made to size required without blanking off free area.

12. Dampers shall be available in two mounting types: “Installed in duct” or “Flanged to duct”.

13. Installation of dampers shall be in accordance with manufacturer’s installation guidelines.

14. Provide this style of damper at the following areas:

a. Outside air and return air dampers for all air handling units except those with factory assembled mixing boxes.

b. Pressure reliefs through the roof or wall.

c. Combustion air intake.

d. Ventilation outside air intake for boiler room, mechanical equipment rooms and elevator equipment rooms.

e. Outside air, exhaust air and recirculation air for emergency generator.

f. Exhaust fans where dampers are not provided with exhaust fan.

H. Control damper: Equal to Tamco Series 1500 Air-Foil Control Damper as manufactured by T.A. Morrison & Co. Inc. (Tel. 1-800-561-3449 USA & Canada).

1. Damper frame: Extruded aluminum (6063T5), shall not be less than .080 inch (2.03mm) thickness. Damper frame to be 4 inches (101.6mm) deep.

2. Blades: Extruded aluminum (6063T5) profiles. Blade ends to be capped in order to seal hollow interior and reduce air leakage possibilities.

3. Blade seals: Extruded silicone. Gaskets to be secured in an integral slot within the aluminum extrusions. 

4. Frame seals: Extruded silicone. Gaskets to be secured in an integral slot within the aluminum extrusions.

5. Bearings: Composed of a celcon inner bearing fixed to a 7/16 inch (11.11mm) aluminum hexagon blade pin rotating within a polycarbonate outer bearing inserted in frame.

6. Linkage hardware shall be installed in frame side and be constructed of aluminum and corrosion resistant, zinc and nickel plated steel, complete with cup-point trunnion screws for slip-proof grip.

7. Dampers to be designed for operation in temperatures ranging between -40°F (-40°C) and 212°F (100°C).

8. Dampers shall be available with either opposed blade action or parallel blade action.

9. Air leakage through a 48 inches x 48 inches (1220mm x 1220mm) damper shall not exceed 1.7 cfm/sqft. (8.6 l/s/m2) against 1 inch (.25kPa) W.G. differential static pressure at standard air. Standard air leakage data to be certified under the AMCA certified ratings program.

10. Pressure drop of a fully open 48 inches x 48 inches (1220mm x 1220mm) damper shall not exceed 0.2 inches (.004kPa) W.G. at 1000 FPM (5.08 m/s).

11. Dampers shall be made to size required without blanking off free area.

12. Dampers shall be available in two mounting types: “installed in duct” or “flanged to duct.

13. Installation of dampers shall be in accordance with manufacturer’s installation guidelines.

14. Provide this style of damper at the following areas:

a. Outside air and return air dampers for all air handling units except those with factory assembled mixing boxes.

b. Pressure reliefs through the roof or wall.

c. Combustion air intake.

d. Ventilation outside air intake for boiler room, mechanical equipment rooms and elevator equipment rooms.

e. Outside air, exhaust air and recirculation air for emergency generator.

f. Exhaust fans where dampers are not provided with exhaust fan.

I. Control damper: Equal to Tamco Series 9000 Thermally Insulated Air-Foil Control Damper as manufactured by T.A. Morrison & Co. Inc. (Tel. 1-800-561-3449 USA & Canada).

1. Damper frame: Extruded aluminum (6063T5), shall not be less than .080 inch (2.03mm) thickness. Damper frame to be 4 inches (101.6mm) deep and shall be insulated with polystyrene on three sides if “Installed in Duct” type and on four sides if “Flanged to Duct” type.

2. Blades: Extruded aluminum (6063T5) internally insulated with non-CFC, expanded polyurethane foam and shall be thermally broken. Complete blade shall have an insulating factor of R-2.29 and a temperature index of 55.

3. Blade gaskets: Extruded EPDM. Gaskets to be secured in an integral slot within aluminum extrusions.

4. Frame seals: Extruded TPE. Gaskets to be secured in an integral slot within aluminum extrusions.

5. Bearings: Comprised of a celcon inner bearing fixed to a 7/16 inch (11.11mm) aluminum hexagon blade pin rotating within a polycarbonate outer bearing inserted in frame.

6. Linkage hardware shall be installed in frame side and be constructed of aluminum and corrosion resistant, zinc and nickel plated steel, complete with cup-point trunnion screws for slip-proof grip.

7. Dampers to be designed for operation in temperatures ranging between -40°F (-40°C) and 212°F (100°C).

8. Dampers shall be available with either opposed blade action or parallel blade action.

9. Air leakage through a 48 inches x 48 inches (1220mm x 1220mm) damper shall not exceed 4.12 cfm/sqft. (21 l/s/m2) against 4 inches (1kPa) W.G. differential static pressure at standard air. Standard air leakage data to be certified under the AMCA certified ratings program.

10. Leakage shall not exceed 6.7 cfm/sqft. (34 l/s/m2) against 4 inches (1kPa) W.G. differential static pressure @ -40°F (-40°C).

11. Pressure drop of a fully open 48 inches x 48 inches (1220mm x 1220mm) damper shall not exceed 0.3 inches (.007kPa) W.G. at 1000 FPM (5.08 m/s).

12. Dampers shall be made to size required without blanking off free area.

13. Dampers shall be available in two mounting types: “Installed in duct” or “Flanged to duct”.

14. Installation of dampers shall be in accordance with manufacturer’s installation guidelines.

15. Provide this style of damper at the following areas:

a. Outside air and return air dampers for all air handling units except those with factory assembled mixing boxes.

b. Pressure reliefs through the roof or wall.

c. Combustion air intake.

d. Ventilation outside air intake for boiler room, mechanical equipment rooms and elevator equipment rooms.

e. Outside air, exhaust air and recirculation air for emergency generator.

f. Exhaust fans where dampers are not provided with exhaust fan.

J. Control damper: Equal to Tamco Series 9000 Thermally Insulated Severe Weather Air-Foil Control Damper as manufactured by T.A. Morrison & Co. Inc. (Tel. 1-800-561-3449 USA & Canada).

1. Damper frame: Extruded aluminum (6063T5), shall not be less than .080 inch (2.03mm) thickness. Damper frame to be 4 inches (101.6mm) deep and shall be insulated with polystyrene on three sides if “Installed in Duct” type and on four sides if “Flanged to Duct” type.

2. Blades: Extruded aluminum (6063T5) internally insulated with non-CFC, expanded polyurethane foam and shall be thermally broken. Complete blade shall have an insulating factor of R-2.29 and a temperature index of 55.

3. Blade seal: Extruded silicone and be secured in an integral slot within aluminum extrusions.

4. Frame seals: Extruded silicone and be secured in an integral slot within aluminum extrusions.

5. Bearings: Comprised of a celcon inner bearing fixed to a 7/16 inch (11.11mm) aluminum hexagon blade pin rotating within a polycarbonate outer bearing inserted in frame.

6. Linkage hardware shall be installed in frame side and be constructed of aluminum and corrosion resistant, zinc and nickel plated steel, complete with cup-point trunnion screws for slip-proof grip.

7. Dampers to be designed for operation in temperatures ranging between -40°F (-40°C) and 212°F (100°C).

8. Dampers shall be available with either opposed blade action or parallel blade action.

9. Air leakage through a 48 inches x 48 inches (1220mm x 1220mm) damper shall not exceed 4.12 cfm/sqft. (21 l/s/m2) against 4 inches (1kPa) W.G. differential static pressure at standard air. Standard air leakage data to be certified under the AMCA certified ratings program.

10. Leakage shall not exceed 4.9 cfm/sqft. (25 l/s/m2) 4 inches (1kPa) W.G. differential static pressure @ -40°F (-40°C).

11. Pressure drop of a fully open 48 inches x 48 inches (1220mm x 1220mm) damper shall not exceed 0.3 inches (.007kPa) W.G. at 1000 FPM (5.08 m/s).

12. Dampers shall be made to size required without blanking off free area.

13. Dampers shall be available in two mounting types: “Installed in duct” or “Flanged to duct”.

14. Installation of dampers shall be in accordance with manufacturer’s installation guidelines.

15. Provide this style of damper at the following areas:

a. Outside air and return air dampers for all air handling units except those with factory assembled mixing boxes.

b. Pressure reliefs through the roof or wall.

c. Combustion air intake.

d. Ventilation outside air intake for boiler room, mechanical equipment rooms and elevator equipment rooms.

e. Outside air, exhaust air and recirculation air for emergency generator.

f. Exhaust fans where dampers are not provided with exhaust fan.

K. Control damper: Equal to Tamco Series 9000 Thermally Broken Frame Air-Foil Control Damper as manufactured by T.A. Morrison & Co. Inc. (Tel. 1-800-561-3449 USA & Canada).

1. Damper frame: Extruded aluminum (6063T5), shall not be less than .080 inch (2.03mm) thickness. Damper frame to be 4 inches (101.6mm) deep and shall be insulated with polystyrene on four sides.

2. Entire frame shall be thermally broken by means of polyurethane resin pockets complete with thermal cuts.

3. Blades: Extruded aluminum (6063T5) profiles, internally insulated with non-CFC, expanded polyurethane foam and thermally broken. Complete blade shall have an insulating factor of R-2.29 and a temperature index of 80.

4. Blade seals: Extruded silicone and are secured in an integral slot within the aluminum extrusions.

5. Frame seals: Extruded silicone and are secured in an integral slot within the aluminum extrusions.

6. Bearings: Comprised of celcon inner bearing fixed to a 7/16 inch (11.11mm) aluminum heaxagon blade pin rotating within a polycarbonate outer bearing inserted in the frame, resulting in no metal-to-metal or metal-to-plastic contact.

7. Linkage hardware shall be installed in frame side and be constructed of aluminum and corrosion resistant, zinc and nickel plated steel, complete with cup-point trunnion screws for slip-proof grip.

8. Dampers are designed for operation in temperatures ranging between -40°F (-40°C) and 212°F (100°C).

9. Dampers are available with either opposed blade action or parallel blade action.

10. Air leakage through a 48 inches x 48 inches (1220mm x 1220mm) damper shall not exceed 4.12 cfm/sqft. (21 l/s/m2) against 4 inches (1kPa) W.G. differential static pressure at standard air. Standard air leakage data to be certified under the AMCA certified ratings program.

11. Leakage does not exceed 4.9 cfm/sqft. (25 l/s/m2) against 4 inches (1kPa) W.G. differential static pressure @ -40°F (-40°C)

12. Pressure drop of a fully open 48 inches x 48 inches (1220mm x 1220mm) damper shall not exceed 0.3 inches (.007kPa) W.G. at 1000 FPM (5.08 m/s).

13. Dampers are made to size required without blanking off free area.

14. Dampers available in one mounting type: “Flanged to duct”.

15. Installation of dampers must be in accordance with manufacturer’s installation guidelines.

16. Provide this style of damper at the following areas:

a. Outside air and return air dampers for all air handling units except those with factory assembled mixing boxes.

b. Pressure reliefs through the roof or wall.

c. Combustion air intake.

d. Ventilation outside air intake for boiler room, mechanical equipment rooms and elevator equipment rooms.

e. Outside air, exhaust air and recirculation air for emergency generator.

f. Exhaust fans where dampers are not provided with exhaust fan.

L. Round Control damper: Equal to Ruskin CDRS82 round control damper

1. Damper frame: 16 gage x 8 inches deep stainless steel to 18 inches diameter, 12 gage x 8 inches deep stainless steel 18 inches diameter and over.

2. Blades: Double skin stainless steel 18 gage up to 20 inches diameter, single skin stainless steel 16 gage with retainer ring 26 inches and above. Blade stiffeners as required. Pin angle stop.

3. Blade edge seals: Neoprene.

4. Bearings: Flanged stainless steel pressed into frame. 

5. Axles: Stainless steel, 1/2 inch diameter to 24 inches diameter, 3/4 inches above 24 inches diameter.

6. Installation of dampers shall be in accordance with manufacturer’s installation guidelines.

7. Provide this style of damper at the following areas:

a. Laboratory fume exhaust systems.

2.31 SMOKE AND COMBINATION FIRE AND SMOKE DAMPERS

A. Smoke and combination fire and smoke dampers and actuators will be provided under Section 23 33 00, Ductwork Accessories. This Section will provide interface and connections to those dampers and actuators.

2.32 ELECTRONIC VALVE ACTUATORS

A. Electronic actuators shall be electric, direct coupled type capable of being mounted over the shaft of the damper. They shall be UL listed. Power consumption shall not exceed 8 watts or 15 VA of transformer sizing capacity per high torque actuator. Damper actuators will not produce more than 62dBA when furnished with a mechanical fail-safe spring. Non-spring return actuators shall conform to a maximum noise of 45dBA.

B. Electronic overload protection shall protect actuator motor from damage. Internal end switch type actuators are nor 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 the control signal as operation requires.

C. Control valve actuators – 3 inches 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 it specifications. Pipes shall be fully insulated and heat shields shall be installed in necessary. Condensation shall not form on actuators and shall be prevented by a combination of insulation, air gap, or thermal break.

2. The control circuit shall be fully modulating using a 0 – 10 volt or 0 – 20 mA input signal. A 2 to 10 V or 4 to 20 mA signal shall be produced by the actuator which is directly proportional to the shaft 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 factory prior to shipment.

4. The manufacture shall provide individual valve identification tagging on each printed valve label. Valve tag identification shall be documented on the approved, submitted valve schedule.

D. Control valve actuators – 4 inch and larger:

1. Actuator shall consist of a permanent split capacitor, reversible type electric motor which drives a compound epicycle gear. The electric actuator shall have a visible mechanical output indication showing shaft output shaft and valve position. Unit shall be mounted directly to the valves without brackets and adaptors, or readily adapted to suit all other types of quarter-turn valves.

2. Actuator shall have an integral terminal strip with conduit entries. 

3. Actuator shall be constructed to withstand high shock and vibrations without operations failure. 

4. Actuator shall have a self-locking gear train that is permanently lubricated at the factory. The gear 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. The motor shall be fitted with thermal overload protection. Motor shaft shall run in ball bearings at each end of the motor.

5. The environmental temperature range of the actuator shall be -20( F to 140( F.

6. For intermittant 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 services, 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.

7. 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 degrees in each direction of 90 degree rotation shall be standard, as well as two adjustable travel limit switches with electrically isolated contacts. Additional adjustable switches shall be available as an option.

8. The motor shall have a Class B insulation capable of withstanding lock-rotor for 25 seconds without overheating. Wiring shall 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.

9. Where continuous feedback of actuator position is required, provide potentiometer with actuator.

2.33 CONTROL VALVES

A. Provide position indicators on valves and pilot positioners on sequenced valves.

B. Select valves to fail safe in normally open or closed position as dictated by freeze, humidity, fire or temperature protection.

C. Select two-way valves for liquids to have equal percentage characteristics. Select three-way valves to have linear flow characteristics. Size valve operators to close valves against pump shut-off head. Size water valves for maximum pressure drop of 5 psig. Size steam valves for pressure drop equal to 45% of valve steam inlet pressure.

D. Valves shall be selected for a maximum flow velocity of 10 ft. per second at the design flow rate with the valve fully open.

2.34 PRESSURE INDEPENDENT FLOW CONTROL VALVES

A. Equal to Delta “P” Valves as manufactured by Flow Control Industries, Inc. modulating pressure independent flow control valves.

B. Flow rate through the valve shall not vary by more than plus/minus 5% due to system pressure fluctuations across the valve in the selected operating range. Control valves shall accurately control the flow from 0 to 100% full rated flow.

C. Valve rangeability shall be 100:1 minimum.

D. Valve bodies shall be of cast iron or bronze and rated for 150 PSI. All internal parts shall be of stainless steel, teflon, brass, bronze or cast iron.

E. Valves shall be servicable without removing them from the piping system (except 1/2 inch). Valve flow characteristics shall be able to be changed without removing the valve from the piping system.

F. Flow performance curves shall be provided with each valve (except 1/2 inch).

G. Provide three pressure/temperature ports (Pete’s Plugs) in each valve. Two ports shall be sued to measure inlet and outlet pressure to the valve. The third port is used to measure internal pressure within the valve.

H. Temperature Control Contractor shall provide actuator required to properly control valves.

2.35 AIRFLOW MEASUREMENT SYSTEMS FOR VAV BOXES 

A. Equal to Ebtron variable air volume box electronic flow sensor.

B. For all variable air volume boxes (supply and exhaust), furnish airflow measurement system as described. The variable air volume (VAV) box air flow measuring stations shall be capable of continuously monitoring airflow rates at each VAV box in order for the host controls to calculate and reset the outside airflow setpoint at the AHU using Equation 6-1 of ASHRAE Standard 62-1999.  The system shall consist of one airflow measuring device and matched electronics, which shall be factory tested as a system prior to shipment. The AFMS shall not require recalibration or adjustment over the life of the equipment.
C. Each sensing point shall measure airflow and use instrument grade, hermetically sealed, glass encapsulated thermistors.  Airflow rate sensing shall utilize thermal dispersion technology.  Each AFMS shall be wind tunnel calibrated over a range of 0-3,000 FPM.  Thermistor resistance/temperature characteristics shall be traceable to NIST standards.  

D. Each measurement location shall produce a single, linear, 0-5 VDC analog output signal for airflow, which can be measured by the host control system.  The electronics shall have the ability to automatically reset the microprocessor after transient brownouts and/or after loss of power.
E. The total accuracy for airflow measurement, including sensing point averaging error and the sum of the sensor and electronic errors shall not exceed + 2% of reading at both minimum and maximum system airflow rates.

1. Electronics: Sensor output signals shall be measured by microprocessor-based electronics, which shall independently calculate and average velocity from each sensing point.  The system shall require 24 VAC and the AFMS manufacturer shall provide a 1:1, 24 VAC isolation transformer for each location. 
2. Airflow Measuring Probes: The number of independent sensing points shall be per the manufacturer’s recommendation for the specified application and dependent on the location indicated on the plans. 
3. Factory Warranty: 36 months from shipment as described in the manufacturer’s Standard Terms & Conditions of Sale.

2.36 CARBON MONOXIDE/CARBON DIOXIDE DETECTION SYSTEM

A. Equal to Toxalert GVU-3 detection and control system with the ability to monitor up to three (3) CO and/or CO2 sensors.

B. Provide remote CO sensors as located on drawings. The remote CO sensor(s) shall utilize a solid state sensing element, be micro-processor based and be both temperature and humidity compensated for long life and stability. Pilot lights or LED’s shall indicate:

1. Unit normal operation/Not alarm

2. High CO/unit in alarm

3. Unit malfunction indication

C. Provide remote CO2 sensor(s) as located on drawings. Sensors shall be solid state infrared detection type for stability and long life with a range of 0 to 2000 ppm maximum. The CO2 sensors shall have LED’s to indicate power to unit and alarm condition.

D. The system shall continuously monitor its remote sensors. When an alarm condition is detected the controller shall delay exhaust fan contact closure for 30 seconds. If the high CO/CO2 condition persists for more than 30 seconds the exhaust fan contacts shall close. The minimum fan “on” time shall be field settable from one to eight minutes, in one minute increments. Should the alarm condition remain after the minimum run time has timed out, the exhaust fan contacts shall remain closed (‘on”) and a second “alarm” set of contacts shall close and send a signal to the BMS.

E. The controller shall have a clock to operate the exhaust fan equipment on a time basis, without high gas level conditions. The fan shall operate from zero to eight minutes (field adjustable in one minute increments) per hour. This fan run shall be separate from the minimum run time setting.

F. The controller shall be designed such that in the event of a power failure the control unit shall set itself to an alarm condition and upon power restoration shall automatically activate the fan output to clear any possible accumulated toxic gases.

G. The controller shall include separate red LED’s for each remote sensor to indicate which sensor is indicating a high CO/CO2 condition. A separate LED shall prove, when lighted, that the remote CO sensors have power.

H. Provide the following options for the controller:

1. Power “on” LED on face of controller to indicate power to the system.

2. LED on face of panel to indicate high CO/CO2 alarm condition. One for each sensor.

3. Face “on” LED indication.

4. Local alarm horn an/or light. Horn has silence switch.

5. Remote alarm panel.

6. Sensor power indication on face of panel.

7. Calibration kit.

8. Keyed panel lock.

2.37 DIRECT DIGITAL CONTROL UNITS (DDC UNITS)

A. Direct Digital Control (DDC) units shall be capable of being integrated together with multiple building management, energy management, and historical data collection and archiving.

B. System architectural design shall eliminate dependence upon any single device for alarm reporting and control execution. Each DDC panel shall operate independently by performing its own specified control, alarm management, operator I/O, and historical data collection. The failure of any single component or network connection shall not interrupt the execution of control strategies at other operational devices.

C. Standalone DDC panels shall be able to access any data from, or send control commands and alarm reports directly to any other DDC panel or combination of panels on the network without dependence upon a central processing device. Standalone DDC panels shall also be able to send alarm reports to multiple operator workstations without dependence upon a central processing device.

D. Networking/Communications:

1. The design of the DDC units shall permit connecting to a network system and central workstations, as specified under Section 15970, Building Management Systems.

E. Standalone DDC Panels:

1. General: Standalone DDC panels shall be microprocessor based, multi-tasking, multi-user, real-time digital control processors. Each standalone DDC panel shall consist of modular hardware with plug-in enclosed processors, communication controllers, power supplies, and input/output modules. A sufficient number of controllers shall be supplied to fully meet the requirements of this specification and the attached point list.

2. Memory: Each DDC panel shall have sufficient memory to support its own operating system and databases including:

a. Control processes

b. Energy Management Applications

c. Alarm Management

d. Historical/Trend Data for all points

e. Maintenance Support Applications

f. Custom Processes

g. Operator I/O

h. Dial-Up Communications

i. Manual Override Monitoring

3. Point Types: Each DDC panel shall support the following types of point inputs and outputs:

a. Digital Inputs for status/alarm contacts

b. Digital Outputs for on/off equipment control.

c. Analog Inputs for temperature, pressure, humidity, flow, and position measurements.

d. Analog Outputs for valve and damper position control, and capacity control of primary equipment.

e. Pulse Inputs for pulsed contact monitoring.

F. Expandability: The system shall be modular in nature, and shall permit easy expansion through the addition of software applications, workstation hardware, field controllers, sensors, and actuators. The system architecture shall support % expansion capacity of all types of DDC panels, and all point types included in the initial installation.

G. Communication Ports: Standalone DDC panels shall provide a communication port that will allow simultaneous operation of multiple operator I/O devices such as industry standard printers, laptop workstations, PC workstations, and panel mounted or portable DDC panel operator's terminals. Standalone DDC panels shall allow temporary use of portable devices without interrupting the normal operation of permanently connected modems, printers, or network terminals.

H. Hardware Override Switches: As indicated in the Point Schedule, the operator shall have the ability to manually override automatic or centrally executed commands at the DDC panel via local, point discrete, on-board hand/off/auto operator override switches for binary control points and gradual switches for analog control type points. These override switches shall be operable whether the panel is powered or not.

I. Local Status Indicator Lamps: The DDC panel shall provide local status indication for each binary input or analog output for constant, up-to-date verification of all point conditions without the need for an operation I/O device.

J. Integrated On-line Diagnostics: Each DDC panel shall continuously perform self-diagnostics, communication diagnosis of all subsidiary equipment. The DDC panel shall provide both local and remote annunciation of any detected component failures, or repeated failure to establish communication. Indication of the diagnostic results shall be provided at each DDC panel, and shall not require the connection of an operation I/O device.

K. Surge and Transient Protection: Isolation shall be provided at all network terminations, as well as all field point terminations to suppress induced voltage transients consistent with IEE Standard 587-1980. Isolation levels shall be sufficiently high as to allow all signal wiring to be run in the same conduit as high voltage wiring where acceptable by electrical code.

L. Powerfail Restart: The controller shall not require a battery. All configuration data, custom programs, etc., will be stored in non-volatile memory. The controller shall provide a minimum of two days data retention for the time clock and consumable data (runtimes, GPM, KWH, etc.). Systems that require a battery to store data is not acceptable. Upon restoration of normal power, the DDC panel shall automatically resume full operation without manual intervention.

2.38 SYSTEM SOFTWARE FEATURES

A. General:

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

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

B. Control Software Description:

1. Pre-tested Control Algorithms: The DDC panels shall have the ability to perform the following pre-tested control algorithms:

a. Two-position control

b. Proportional control

c. Proportional plus integral control

d. Proportional, integral, plus derivative control

e. Automatic control loop tuning

2. Equipment Cycling Protection: Control software shall include a provision for limiting the number of times each piece of equipment may be cycled within any one-hour period.

3. Heavy Equipment Delays: The system shall provide protection against excessive demand situations during start-up periods by automatically introducing time delays between successive start commands to heavy electrical loads.

4. Powerfail Motor Restart: Upon the resumption of normal power, the DDC panel shall analyze the status of all controlled equipment, compare it with normal occupancy scheduling, and turn equipment on or off as necessary to resume normal operation.

C. Energy Management Applications: All programs shall be executed automatically without the need for operator intervention, and shall be flexible enough to allow user customization. Programs shall be applied to building equipment as described in the Execution portion of this specification. DDC panels shall have the ability to perform any or all of the following energy management routines:

1. Time of Day Scheduling

2. Calendar Based Scheduling

3. Holiday Scheduling

4. Temporary Schedule Overrides

5. Optimal Start

6. Optimal Stop

7. Night Setback Control

8. Enthalpy Switchover (Economizer)

9. Peak Demand Limiting

10. Temperature Compensated Load Rolling

11. Fan Speed/CFM Control

12. Heating/Cooling Interlock

13. Cold Deck Reset

14. Hot Deck Reset

15. Hot Water Reset

16. Chilled Water Reset

17. Condenser Water Reset

18. Chiller Sequencing

D. Custom Process Programming Capability: DDC panels shall be able to execute custom, job-specific processes defined by the user, to automatically perform calculations and special control routines.

1. Process Inputs and Variables: It shall be possible to use any of the following in a custom process:

a. Any system-measured point data or status

b. Any calculated data

c. Any results from other processes

d. User-defined Constants

e. Arithmetic functions +, -, *, /, square root, exp, etc.

f. Boolean logic operations (and, or, exclusive or, etc.)

g. On-delay/Off-delay/One-shot timers.

2. Process Triggers: Custom processes may be triggered based on any combination of the following:

a. Time interval

b. Time of day

c. Date

d. Other processes

e. Time programming

f. Events (e.g. point alarms)

3. Dynamic Data Access: A single process shall be able to incorporate measured or calculated data from any and all other DDC panels on the local area network. In addition, a single process shall be able to issue commands to points in any and all other DDC panels on the local area network.

4. Advisory/Message Generation: Processes shall be able to generate operator messages and advisories to operator I/O devices. A process shall be able to directly send a message to a specified device, buffer the information in a follow-up file, or cause the execution of a dial-up connection to a remote device such as a printer or pager.

5. Custom Process Documentation: The custom control programming feature shall be self-documenting. All interrelationships defined by this feature shall be documented via graphic flow charts and English language descriptors.

E. Alarm Management: Alarm management shall be provided to monitor, buffer, and direct alarm reports to operator devices and memory files. Each DDC panel shall perform distributed, independent alarm analysis and filtering to minimize operator interruptions due to non-critical alarms, minimize network traffic, and prevent alarms from being lost. At no time shall the DDC panel's ability to report alarms be affected by either operator activity at a PC workstation or local I/O device, or communications with other panels on the network.

1. Point Change Report Description: All alarm or point change reports shall include the point's English language description, and the time and date of occurrence.

2. Prioritization: The user shall be able to define the specific system reaction for each point. Alarms shall be prioritized to minimize nuisance reporting and to speed operator response to critical alarms. A minimum of three (3) priority levels shall be provided. Each DDC panel shall automatically inhibit the reporting of selected alarms during system shutdown and start-up. Users shall have the ability to manually inhibit alarm reporting for each point. The user shall also be able to define under which conditions point changes need to be acknowledged by an operator, and/or sent to follow-up files for retrieval and analysis at a later date.

3. Report Routing: Alarm reports, messages, and files will be directed to a user-defined list of operator devices, or PC's used for archiving alarm information. Alarms shall also be automatically directed to a default device in the event a primary device is found to be off-line.

4. Alarm Messages: In addition to the point's descriptor and the time and date, the user shall be able to print, display or store a 65-character alarm message to more fully describe the alarm condition or direct operator response. Each standalone DDC panel shall be capable of storing a library of at least two hundred fifty (250) Alarm Messages. Each message may be assignable to any number of points in the panel.

5. Auto-Dial Alarm Management: In Dial-up Applications, only critical alarms shall initiate a call to a remote operator device. In all other cases, call activity shall be minimized by time-stamping and saving reports until an operator scheduled time, a manual request, or until the buffer space is full. The alarm buffer must store a minimum of fifty (50) alarms.

F. Historical Data and Trend Analysis: A variety of historical data collection utilities shall be provided to automatically sample, store, and display system data in all of the following ways.

1. Continuous Point Histories: Standalone DDC panels shall store Point History files for all analog and binary inputs and outputs. The Point History routine shall continuously and automatically sample the value of all analog inputs at half hour intervals. Samples for all points shall be stored for the past twenty-four (24) hours to allow the user to immediately analyze equipment performance and all problem-related events for the past day. Point History Files for binary input or output points and analog output points shall include a continuous record of the last ten (10) status changes or commands for each point.

2. Control Loop Performance Trends: Standalone DDC panels shall also provide high resolution sampling capability with an operator-adjustable resolution of 10-300 seconds in one-second increments for verification of control loop performance.

3. Extended Sample Period Trends: Measured and calculated analog and binary data shall also be assignable to user definable trends for the purpose of collecting operator-specified performance data over extended periods of time. Sample intervals of one (1) minute to two (2) hours, in one-minute intervals, shall be provided. Each standalone DDC panel shall have a dedicated buffer for trend data, and shall be capable of storing a minimum of five thousand (5000) data samples.

4. Data Storage and Archiving: Trend data shall be stored at the Standalone DDC panels, and uploaded to hard disk storage when archival is desired. Uploads shall occur based upon either user-defined interval, manual command, or when the trend buffers become full. All trend data shall be available in disk file form for user in third party personal computer applications.

G. Runtime Totalization: Standalone DDC panels shall automatically accumulate and store runtime hours for binary input and output points as specified in the Execution portion of this specification.

1. The Totalization routine shall have a sampling resolution of one (1) minute or less.

2. The user shall have the ability to define a warning limit for Runtime Totalization. Unique, user-specified messages shall be generated when the limit is reached.

H. Analog/Pulse Totalization: Standalone DDC panels shall automatically sample, calculate and store consumption totals on a daily, weekly, or monthly basis for user-selected analog and binary pulse input-type points.

1. Totalization shall provide calculation and storage of accumulations of up to 99,999.9 units (e.g. KWH, gallons, KBTU, tons, etc.).

2. The Totalization routine shall have a sampling resolution of one (1) minute or less.

3. The user shall have the ability to define a warning limit. Unique, user-specified messages shall be generated when the limit is reached.

I. Event Totalization: Standalone DDC panels shall have the ability to count events such as the number of times a pump or fan system is cycled on and off. Event Totalization shall be performed on a daily, weekly, or monthly basis.

1. The Event Totalization feature shall be able to store the records associated with a minimum of 9,999,999 events before reset.

2. The user shall have the ability to define a warning light. Unique, user-specified messages shall be generated when the limit is reached.

2.39 APPLICATION SPECIFIC CONTROLLERS - HVAC APPLICATIONS

A. Each Standalone DDC Controller shall be able to extend its performance and capacity through the use of remote Application Specific Controllers (ASC's).

B. Each ASC shall operate as a standalone controller capable of performing its specified control responsibilities independently of other controllers in the network. Each ASC shall be a microprocessor-based, multi-asking, real-time digital control processor.

C. Each ASC shall have sufficient memory to support its own operating system and databases including:

1. Control Processes

2. Energy Management Applications

3. Operation I/O (Portable Service Terminal)

D. The operator interface to any ASC point data or programs shall be through any network-resident PC workstation, or any PC or portable operator's terminal connected to any DDC panel in the network.

E. Application Specific Controllers shall directly support the temporary use of a portable service terminal. The capabilities of the portable service terminal shall include, but not be limited to the following:

1. Display temperatures

2. Display status

3. Display setpoints

4. Display control parameters

5. Override binary output control

6. Override analog setpoints

7. Modification of gain and offset constants

F. Powerfail Protection: All system setpoints, proportional bands, control algorithms, and any other programmable parameters shall be stored such that a power failure of any duration does not necessitate reprogramming the controller.

G. Application Descriptions:

1. VAV Terminal Unit Controllers:

a. VAV Terminal Unit Controllers shall support, but not be limited to, the control of the following configurations of VAV boxes to address current requirements as described in the Execution portion of this specification, and for future expansion:

1) Single Duct Only (Cooling Only, or Cooling With Reheat)

2) Fan Powered (Parallel/Side Pocket, Series/On-Off Logic)

3) Dual Duct (Constant Volume, Variable Volume)

4) Supply/Exhaust

b. VAV Terminal Unit Controllers shall support the following types of point inputs and outputs:

1) Proportional Cooling Outlets

2) Box and Baseboard Heating Outputs (Proportional, or 1 to 3 Stages)

3) Fan Control Output (On/Off Logic, or Proportional Series Fan Logic)

c. The modes of operation supported by the VAV Terminal Unit Controllers shall minimally include, but not be limited to, the following:

1) Day/Week Schedules

2) Comfort/Occupancy Mode

3) Economy Mode (Standby Mode, Unoccupied, etc.)

4) Temporary Override Mode

d. Occupancy/Based Standby/Comfort Mode Control: Each VAV Terminal Unit Controller shall have a provision for occupancy sensing overrides. Based upon the contact status of either a manual wall switch or an occupancy sensing device, the VAV Terminal Unit Controller shall automatically select either Standby or Comfort mode to minimize the heating and cooling requirements while satisfying comfort conditions.

e. Occupancy-Based Zone Lighting Control: VAV Terminal Unit Controllers shall provide an auxiliary binary output to serve as the interface to an associated lighting relay. Based upon the status of either an occupancy sensing device, or manual wall switch, the VAV Terminal Unit Controller shall provide a contract output to automatically adjust the lighting level to accommodate occupancy requirements while reducing electrical consumption. Standby/Comfort (described in the previous section) and lighting overrides shall be served by the same occupancy override input.

f. Continuous Zone Temperature Histories: Each VAV Terminal Unit Controller shall automatically and continuously maintain a history of the associated zone temperature to allow users to quickly analyze space comfort and equipment performance for the past twenty-four (24) hours. A minimum of two (2) samples per hour shall be stored.

g. Alarm Management: Each VAV Terminal Unit Controller shall perform its own limit and status monitoring and analysis to maximize network performance by reducing unnecessary communications.

2. Unitary Controllers:

a. Unitary Controllers shall support, but not be limited to, the following types of systems to address specific applications described in the Execution portion of this specification, and for future expansion:

1) Unit Vents (ASHRAE Cycle I, II, III, or IV)

2) Heat Pumps (Air-to-Air, Water-to-Air)

3) Packaged Rooftops

4) Fan Coils (Two-Pipe, Four-Pipe)

b. Unitary Controllers shall support the following types of point inputs and outputs:

1) Economizer Switchover Inputs:

a) Drybulb

b) Outdoor Air Enthalpy

c) Differential Temperature

d) Binary Input from a Separate Controller

2) Economizer Outputs:

a) Integrated Analog with Minimum Position

b) Binary Output to Enable Self-Contained Economizer Actuator

3) Heating and Cooling Outputs

a) One (1) to three (3) stages

b) Analog Output with Two-Pipe Logic

c) Reversing Valve Logic for Heat Pumps

4) Fan Output

a) On/Off Logic Control

c. Unitary controllers shall support the following library of control strategies to address the requirements of the sequences described in the Execution portion of this specification, and for future expansion:

1) Daily/Weekly Schedules

2) Comfort/Occupancy Mode

3) Economy Mode:

a) Standby Mode/Economizer Available

b) Unoccupied/Economizer Not Available

c) Shutdown

d) Lighting Logic Interlock to Economy Mode

4) Temporary Override Mode:

a) Temporary Comfort Mode (Occupancy-Based Control)

b) Boost (Occupant Warmer/Cooler Control)

d. Occupancy-Based Standby/Comfort Mode Control: Each Unitary Controller shall have a provision for occupancy sensing overrides. Based upon the contact status of either a manual wall switch or an occupancy sensing device, the Unitary Controller shall automatically select either Standby or Comfort mode to minimize the heating and cooling requirements while satisfactory comfort conditions.

e. Occupancy-Based Zone Lighting Control: Unitary Controllers shall provide an auxiliary binary output to serve as the interface to an associated lighting relay. Based upon the status of either an occupancy sensing device, or manual wall switch, the Unitary Controller shall provide a contact output to automatically adjust the lighting level to accommodate occupant requirements while reducing electrical consumption. Standby/ Comfort (described in the previous section) and lighting overrides shall be served by the same occupancy override input.

f. Continuous Zone Temperature Histories: Each Unitary Controller shall automatically and continuously, maintain a history of the associated zone temperature to allow users to quickly analyze space comfort and equipment performance for the past twenty-four (24) hours. A minimum of two (2) samples per hour shall be stored.

g. Alarm Management: Each Unitary Controller shall perform its own limit and status monitoring and analysis to maximize network performance by reducing unnecessary communications.

3. AHU Controllers:

a. AHU Controllers shall support, but not be limited to, the following configurations of systems to address current requirements as described in the Execution portion of the specification, and for future expansion:

1) Large Air Handling Units:

a) Mixed Air-Single Path

b) Mixed Air-Dual Path

c) 100% Single Path

d) 100% Dual Path

b. AHU Controllers shall support all the necessary point inputs and outputs to perform the specified control sequences in a totally standalone fashion.

c. AHU Controllers shall have a library of control routines and program logic to perform the sequence of operation as specified in the Execution portion of this specification.

d. Occupancy-Based Standby/Comfort Mode Control: Each AHU Controller shall have a provision for occupancy sensing overrides. Based upon the contact status of either a manual wall switch or an occupancy sensing device, the AHU Controller shall automatically select either Standby or Comfort mode to minimize the heating and cooling requirements while satisfying comfort conditions.

e. Continuous Zone Temperature Histories: Each AHU Controller shall automatically and continuously, maintain a history of the associated zone temperature to allow users to quickly analyze space comfort and equipment performance for the past twenty-four (24) hours. A minimum of two (2) samples per hour shall be stored.

f. Alarm Management: Each AHU Controller shall perform its own limit and status monitoring and analysis to maximize network performance by reducing unnecessary communications.

2.40 APPLICATION SPECIFIC CONTROLLERS - LIGHTING APPLICATIONS

A. Each Standalone DDC Controller shall be able to extend its performance and capacity through the use of remote Application Specific Controllers (ASC's) dedicated to controlling lighting. Lighting Control ASC's shall provide standalone remote control of building lighting circuits, including weekly and holiday time programming, local overrides, and local status indication.

B. Each Lighting Control ASC shall operate as a standalone controller capable of performing its specified control responsibilities independently of other controllers in the network. Each Lighting Control ASC shall be a microprocessor-based, multi-tasking, real-time digital control processor.

C. Each Lighting Control ASC shall have sufficient memory to support its own operating system and databases, including:

1. Weekly Scheduling

2. Energy Management Applications

3. Local Overrides

D. Occupancy-Based Lighting Control: Each lighting circuit shall have an associated binary override input for monitoring motion detectors, wall switches, photocells, or similar devices. Based upon the contract status of an occupancy sensing device, the AHU Controller shall automatically override normal scheduled control to reduce electricity consumption, which satisfying occupant lighting requirements.

E. The operator interface to any Lighting Control ASC point data or programs shall be through any network resident PC workstation, or any PC or portable operator's terminal connected any DDC panel in the network.

2.41 OPERATOR INTERFACE

A. Basic Interface Description:

1. Password Protection: Multiple-level password access protection shall be provided to allow the user/manager to limit workstation control, display and database manipulation capabilities as he deems appropriate for each user, based upon an assigned password.

a. Passwords shall be exactly the same for all operator devices, including portable or panel-mounted network terminals. Any additions or changes made to password definition shall automatically cause passwords at all DDC panels on a network to be updated and downloaded to minimize the task of maintaining system security. Users shall not be required to update passwords for DDC panels individually when they are networked together.

b. A minimum of five (5) levels of access shall be supported: 

1) Level 1 = Data Access and Display

2) Level 2 = Level 1 + Operator Overrides

3) Level 3 = Level 2 + Database Modification

4) Level 4 = Level 3 + Database Generation

5) Level 5 = Level 4 + Password Add/Modification

c. A minimum of fifty (50) passwords shall be supported at each DDC panel.

d. Operators will be able to perform only those commands available for their respective passwords. Menu selections displayed at any operator device, including portable or panel mounted devices, shall be limited to only those items defined for the access level of the password used to log-on.

e. User-definable, automatic log-off timers of from one (1) to sixty (60) minutes shall be provided to prevent operators from inadvertently leaving devices on-lines.

2. Operator Commands: The operator interface shall allow the operator to perform commands including, but not limited to, the following:

a. Start-up or shutdown selected equipment.

b. Adjust setpoints.

c. Add/Modify Delete time programming.

d. Enable/Disable process execution.

e. Lock/Unlock alarm reporting for each point.

f. Enable/Disable Totalization for each point.

g. Enable/Disable Tending for each point.

h. Override PAD Loop setpoints.

i. Enter temporary override schedules.

j. Define Holiday Schedules.

k. Change time/date.

l. Enter/Modify analog alarm limits.

m. Enter/Modify analog warning limits.

n. View limits.

o. Enable/Disable Demand Limiting for each meter.

p. Enable/Disable Duty cycle for each load.

B. Standalone DDC Panel or Portable Operator's Terminals: 

1. Each DDC panel shall be capable of supporting an operator's terminal for local command entry, instantaneous and historical data display, and program additions and modifications.

2. There shall be a provision for both permanently mounting the standalone DDC panel operator terminal, or using it as a portable handheld unit.

3. The DDC panel operator terminal shall simultaneously display a minimum of six (6) points with full English identification to allow an operator to view single screen dynamic displays depicting entire mechanical systems.

4. The operator functions provided by the DDC panel operator terminal shall include, but not be limited to, the following:

a. Start and Stop Points

b. Modify Setpoints

c. Modify PAD Loop Setpoints

d. Override PAD Control

e. Change Time/Date

f. Add/Modify Start/Stop Weekly Scheduling

g. Add/Modify Setpoint Weekly Scheduling

h. Enter Temporary Override Schedules

i. Define Holiday Schedules

j. View Analog Limits

k. Enter/Modify Analog Warning Limits

l. Enter/Modify Analog Alarm Limits

m. Enter/Modify Analog Differentials

n. View Point History Files

5. The DDC panel operator terminal shall provide access to all real or calculated points in the controller to which it is connected, or any other controller in the network. This capability shall not be restricted to a subset of predefined "global points", but shall provide totally open exchange of data between the operator terminal and any DDC panel in the network.

6. Operator access at all DDC panel operator terminals shall be identical to each other, as well as identical to the PC or Laptop operation workstations. Any password changes shall automatically be downloaded to all controllers on the network.

7. The DDC panel operator terminal shall provide English language prompting to eliminate the need for the user to remember command formats or point names. Prompting shall be provided consistent with a user's password clearance and the types of points being displayed, to eliminate the possibility of operator error.

8. A multi-function touchpad shall be provided for point and command selection, as well as parameter entry. To minimize the possibility of operator error, the DDC panel operator terminal shall change and limit touchpad functions based upon an operator's password clearance, the function being performed, and types of points being displayed. Screen displays shall clearly indicate only valid touchpad functions.

9. Context-Sensitive Help: On-line, interactive user's "Help" manuals and tutorials shall be provided. Based upon operator request, the "help" function shall provide general system operating instructions, and specific descriptions of commands available in the currently displayed menus.

10. Identification for all real or calculated points shall be consistent for all network devices. The same English language names used at PC workstations shall be used to access points at the DDC panel operator's terminal to eliminate cross-reference or look-up tables.

11. In addition to instantaneous summaries, the DDC panel operator's terminal shall allow a user to view a Point History file for system points. Point History files shall provide a record of value of analog points over the last twenty-four (24) hours, at 30-minute intervals, or a record of the last ten (10) status changes for binary type points.

2.42 FIRE MANAGEMENT SYSTEM

A. General

1. The building automation contractor shall furnish, install, and place in operating condition a Fire Management System (FMS) as herein described. The FMS shall share the full capabilities and features of the Building Management System. Any FMS activity within the BMS shall automatically be given the highest available system priorities.

2. The entire FMS shall be approved and listed by Underwriter's Laboratories, Inc.

3. The FMS shall provide any or all of the following features as herein described:

a. Fire detection and reporting.

b. Fire management interlocking.

c. Fire alarm signaling.

d. Smoke control/pressurization.

e. The Field Processing Units (FPU) used for the FMS shall be capable of supporting the following functions; binary input, binary output, supervised binary input, supervised binary output, temperature input, voltage level input, current level input, potentiometer level input, analog adjustment output, pulse accumulation input, audio signal input and audio signal output. This utilization of various BMS points within a Fire FPU shall in no way limit their utility throughout the BMS in Fire or HVAC/Energy Management functions.

B. Smoke Control/Pressurization

1. When a fire alarm is initiated, the smoke control system shall automatically operate any or all, but not limited to, smoke damper systems, smoke shaft systems, and building pressurization systems.

2. After activation of the smoke control system, the BMS shall printout any damper which failed to operate as commanded.

2.43 FIRE MANAGEMENT PANEL

A. Provide and install a Fire Management Panel (FMP).

B. Panel shall be completely factory assembled, wired, and designed to operate in ambient temperatures of not less than 110o F.

C. The FMP shall contain alarm or status points and manually selectable three position switches, one for each fan to be handled and one for each damper to be handled under the smoke management cycle. Provide a minimum of 10 spare points and 10 spare switches in the panel for future expansion.

D. All components of the scanning and transmission system shall be solid state or hermetically sealed reed relays. All components shall be mounted on plug-in circuit cards for ease of maintenance.

E. The panel face shall contain not less than the following components:

1. Key-on-off-record switch

2. Annunciator

3. Press to Test Pilot Light Switch

4. Alarm Acknowledge and Silence Switch

5. Normal/On/Off

F. Key-On-Off Record Switch

1. Manual functions shall be operable only when the key switch is in the manual position. Manual switches on the panel will be of the three position type, marked for normal, on, or off positions. Selection of operation of individual fans or smoke dampers will be by the individual three position switches moved from normal to either the "on" or the "off" position. In normal position of these switches, the fans and smoke dampers will operate from the temperature control system. When the switch is in the "normal" operation position, none of the annunciator lights shall be "on" in the panel.

G. Annunciator

1. For alarm and status points, provide annunciators with spares in the panel with backlighted nameplates. Each nameplate will be equipped with two lamps. Status points shall illuminate green for run indication.

H. Press-To-Test Pilot Light Switch

1. A switch shall be provided to test all pilot lights in the panel.

I. Alarm Horn and Silence Switch

1. A solid state audible alarm unit which sounds when an off-normal condition occurs shall be provided. The acknowledge switch shall silence this unit, but allow it to sound again when another point goes off-normal.

J. Normal/On/Off

1. When an air handling unit or shaft smoke detector dampers are shut down under smoke alarm, the critical alarm contact will alarm the plate on the annunciator panel as above described. Manual three position switch on the face of the panel clearly identified with label will permit manual start or stop of each supply fan or exhaust fan and each damper independent of each other. Operation of the switch shall initiate the desired function of the fan or damper. Indication of operation shall be by illumination of the switch and indication on the annunciator of a green running light.

PART 3 - EXECUTION

3.1 METHODS

A. Verify locations of all thermostats and other exposed control sensors with plans and room details before installation. If there is any question about installations, confirm locations with the Architect's on-site representative.

B. Interlock alarms with starter switching to bypass alarm when equipment is manually disconnected.

C. The temperature control package shall be completed in a timely manner so that no delay of the project or of the Owner's beneficial occupancy results from the scheduling or performance of this contract.

D. Install a complete and operable temperature control system which is fully integrated with the BMS and with all factory installed, unit-mounted control packages.

3.2 ELECTRICAL WIRING

A. Unless specifically stated otherwise, the Temperature Controls contractor is responsible for providing power from local electrical panels to the control panels. Where systems or devices are to be on emergency power, that electrical power source shall be connected to an emergency power panel. This work shall be coordinated with the Division 16 contractor.

B. Electrical wiring from sensors to Data Collection Substations and EMCC shall be 24 volts DC, unbroken and continuously shielded to prevent electrical interferences from any external sources and installed in accordance with National Electrical Code and the requirements of the specifications. Wiring shall be moisture proof and color coded. 18 gauge and larger wire shall be stranded.

C. Furnish and connect electrically operated control system devices, including power supply wiring to transformer primary connection; wiring shall be electrically shielded by metallic conduit of thin wall or rigid type not less than 3/4 inch in diameter.

D. Circuits operating at more than 50 volts shall be run in metallic conduit.

E. All electrical work shall be done in conformance with Division 16 of the specifications.

3.3 DEMOLITION OF EXISTING CONTROLS

A. Remove the existing automatic control system associated with HVAC equipment to be removed, including all wiring, conduit, sensors, panels, damper actuators, etc. Coordinate with the removal of existing HVAC equipment.

B. Remove all associated points, graphics, etc.

C. Remove all electrical power and control wiring back to the electrical power panel.

D. Patch all ductwork, walls, etc. resulting in the removal of the system.

3.4 CONTROL PANELS

A. Provide separate control panels for the following systems. Other control panels shall include a minimum of 25% spare space for future additions.

3.5 AIRFLOW MEASUREMENT SYSTEMS FOR VAV BOXES

A. Send flow sensors to variable air volume box manufacturer’s factory for factory installation.

3.6 CARBON MONOXIDE/CARBON DIOXIDE DETECTION SYSTEM

A. Install system as per manufacturer’s recommendations.

3.7 OPERATION INSTRUCTION

A. At such time acceptable performance of the building control system hardware and software has been established, provide on-site operator instruction to the Owner's operating personnel. Operator instruction during normal working hours shall be performed by a competent representative familiar with the building control system software, hardware and accessories.

B. At a time mutually agreed upon, give a minimum of 40 hours of instruction to the Owner's designated personnel on the operation of all equipment associated with the temperature control system. Operator orientation of the control system will include, but not be limited to, the overall operational program, equipment functions (both individually and as part of the total integrated system), commands, advisories, and appropriate operator intervention required in responding to the system's operation. An Owner's manual prepared for this project shall be used in addition to the instruction. Two copies of the Owner's manual shall be provided.

3.8 WARRANTY AND SERVICE

A. Refer to Section 23 05 00, Common Work Results for HVAC.

3.9 MAINTENANCE

A. Furnish to the Owner a schedule of the maintenance tasks necessary to keep the building management contractor's warranty in effect through the guarantee period. The list of tasks furnished shall indicate a recommended frequency of the preventative maintenance and the necessary tools required to perform the tasks.

B. Within 30 days after approved operation, present to the Owner for his consideration, a preventative maintenance contract to cover service incidental to the continued proper performance of the Temperature Control(s) and devices during the guarantee period.

3.10 MAINTENANCE CONTRACT

A. Submit a maintenance contract price to the building Owner for the system described in this Section of the specification for a one year period, starting at the end of the warranty period.

3.11 SEQUENCES OF OPERATION

A. Refer to Section 23 09 93, Control Sequences of Operation.
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