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SECTION 15900 - HVAC INSTRUMENTATION AND CONTROLS
PART 1 -  GENERAL

1.1 SUMMARY

A. This Section includes control equipment for HVAC systems and components, including control components for terminal heating and cooling units not supplied with factory-wired controls.

B. See Division 13 Section "Fire Alarm" for fire and smoke detectors mounted in HVAC systems and equipment.

C. See Division 15 Section "Sequence of Operation" for requirements that relate to this Section.

1.2 SUBMITTALS

A. Product Data:  Include manufacturer's technical literature for each control device indicated, labeled with setting or adjustable range of control.  Indicate dimensions, capacities, performance characteristics, electrical characteristics, finishes for materials, and installation and startup instructions for each type of product indicated.

B. Shop Drawings:  Detail equipment assemblies and indicate dimensions, weights, loads, required clearances, method of field assembly, components, and location and size of each field connection.

1. Schematic flow diagrams showing fans, pumps, coils, dampers, valves, and control devices.

2. Wiring Diagrams:  Power, signal, and control wiring.

3. Details of control panel faces, including controls, instruments, and labeling.

4. Schedule of dampers including size, leakage, and flow characteristics.

5. Schedule of valves including leakage and flow characteristics.

C. Field quality-control test reports.

D. Operation and maintenance data.

E. Qualification Data:  For firms and persons specified in "Quality Assurance" Article.

1.3 QUALITY ASSURANCE

Delete first paragraph below if not required or available at Project location.

A. Installer Qualifications:  A qualified installer who is [an authorized representative] [a certified installer] [an approved installer] of the automatic control system manufacturer for both installation and maintenance of units required for this Project.

B. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended use.

C. Comply with NFPA 90A, "Installation of Air Conditioning and Ventilation Systems."

D. Year-2000 Compliant:  Computer hardware and software shall be capable of accurately processing, providing, and receiving date data from, into, and between the twentieth and twenty-first centuries, including leap-year calculations.

1.4 COORDINATION

A. Coordinate location of thermostats, humidistats, and other exposed control sensors with plans and room details before installation.

B. Coordinate equipment with Division 13 Section "Fire Alarm" to achieve compatibility with equipment that interfaces with that system.

C. Coordinate equipment with Division 16 Section "Motor-Control Centers" to achieve compatibility with motor starters and annunciation devices.

1.5 EXTRA MATERIALS

Extra materials may not be allowed for publicly funded projects.

A. Maintenance Materials:  [One] <Insert number> thermostat adjusting key(s).

PART 2 -  PRODUCTS

2.1 MANUFACTURERS

See Editing Instruction No. 1 in the Evaluations for cautions about naming manufacturers and products.

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:

Retain above for nonproprietary or below for semiproprietary specification.  Refer to Division 1 Section "Product Requirements."

B. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

1. Air Monitor Corp.

2. Atkomatic Valve Company, Inc.

3. BEC Controls Corp.

4. Belimo Aircontrols (USA), Inc.

5. CEA Instruments Inc.

6. Channel Products Inc.

7. Condyne Technology, Inc.

8. Delta Controls Inc.

9. DGH Systems, LLC.

10. Diversified Electronics, Inc.

11. Ebtron, Inc.

12. Energyline Systems; Industrial Products Group.

13. Enerstat Corp.

14. Erie Controls.

15. Functional Devices Inc.

16. Gems Sensors.

17. General Eastern Instruments, Inc.

18. Greystone Energy Systems Inc.

19. Hayward Industrial Products, Inc.

20. Heat-Timer Corp.

21. Honeywell, Inc.; Home & Building Control.

22. HyCal Sensing Products.

23. ICM Corp.

24. Intec Controls Corp.

25. Johnson Controls, Inc.; Controls Group.

26. KMC Controls/Kreuter Manufacturing Company.

27. Landis & Staefa, Inc.

28. Leslie Controls, Inc.

29. Magnatrol Valve Corporation.

30. Mamac Systems.

31. Paragon Electric Co., Inc.

32. Parker Hannifin Corp.; Skinner Valve Division.

33. RAM Electronics Corp.

34. RDF Corporation.

35. Sauter Controls Corporation.

36. Sensidyne, Inc.

37. Sherwood Products, Inc.

38. Spence Engineering Co., Inc.

39. SSAC Inc.

40. TCS/BASYS Controls; HVAC Sensors & Transducers Division.

41. Texas Instruments, Inc.; Commercial Sensors & Controls.

42. Thunder Scientific Corporation.

43. Time Mark Corporation.

44. Tour & Andersson Control, Inc.; HVAC Sensors & Transducers Div.

45. TSI Inc.; Environmental Measurements & Controls Div.

46. Uni-Line North America; Robertshaw Division.

47. Vaisala, Inc.

48. Valvcon Corporation.

49. Vent Products Co., Inc.

50. <Insert manufacturer.>

Delete control components, in articles below, not required for Project.  Add other features and capabilities as required.

2.2 CONTROL PANELS

A. Central (Master) Control Panels:  Fully enclosed, steel-rack-type cabinet with locking doors or locking removable backs.  Match finish of panels and provide multicolor graphic displays, schematically showing system being controlled.

B. Local Control Panels:  Unitized cabinet with suitable brackets for wall or floor mounting, located adjacent to each system under automatic control.  Provide common keying for all panels.

1. Fabricate panels of 0.06-inch- (1.5-mm-) thick, furniture-quality steel, or extruded-aluminum alloy, totally enclosed, with hinged doors and keyed lock and with manufacturer's standard shop-painted finish.

2. Panel-Mounted Equipment:  Temperature and humidity controllers, relays, and automatic switches; except safety devices.  Mount devices with adjustments accessible through front of panel.

3. Door-Mounted Equipment:  Flush-mount (on hinged door) manual switches, including damper-positioning switches, changeover switches, thermometers, and gages.

4. Graphics:  Color-coded graphic, laminated-plastic displays on doors, schematically showing system being controlled, with protective, clear plastic sheet bonded to entire door.

Below are for stand-alone analog alarm systems.

C. Alarm Panels:  Indicating light for each alarm point, single horn, acknowledge switch, and test switch, mounted in hinged-cover enclosure.

1. Alarm Condition:  Indicating light flashes and horn sounds.

2. Acknowledge Switch:  Horn is silent and indicating light is steady.

3. Second Alarm:  Horn sounds and indicating light is steady.

4. Alarm Condition Cleared:  System is reset and indicating light is extinguished.

5. Contacts in alarm panel allow remote monitoring by independent alarm company.

2.3 ANALOG CONTROLLERS

A. Step Controllers:  6- or 10-stage type, with heavy-duty switching rated to handle loads and operated by electric motor.

B. Electric, Outdoor-Reset Controllers:  Remote-bulb or bimetal rod-and-tube type, proportioning action with adjustable throttling range, adjustable set point, scale range minus 10 to plus 70 deg F (minus 23 to plus 21 deg C), and single- or double-pole contacts.

C. Electronic Controllers:  Wheatstone-bridge-amplifier type, in steel enclosure with provision for remote-resistance readjustment.  Identify adjustments on controllers, including proportional band and authority.

Retain subparagraph below if applicable.

1. Single controllers can be integral with control motor if provided with accessible control readjustment potentiometer.

Confirm that fan-speed controller is compatible with fan motor.

D. Fan-Speed Controllers:  Solid-state model providing field-adjustable proportional control of motor speed from maximum to minimum of 55 percent and on-off action below minimum fan speed.  Controller shall briefly apply full voltage, when motor is started, to rapidly bring motor up to minimum speed.  Equip with filtered circuit to eliminate radio interference.

2.4 TIME CLOCKS

Two examples of time clocks are below.

A. Seven-day, programming-switch timer with synchronous-timing motor and seven-day dial;  continuously charged, nickel-cadmium-battery-driven, eight-hour, power-failure carryover;  multiple-switch trippers; minimum of two and maximum of eight signals per day with two normally open and two normally closed output contacts.

Programmable clock is the best option for applications requiring more than one time clock.

B. Solid-state, programmable time control with 4 separate programs; 24-hour battery carryover;  individual on-off-auto switches for each program; 365-day calendar with 20 programmable holidays; choice of fail-safe operation for each program; and system fault alarm.

2.5 SENSORS

A. Electronic Sensors:  Vibration and corrosion resistant; for wall, immersion, or duct mounting as required.

1. Thermistor temperature sensors as follows:

a. Accuracy:  Plus or minus [0.5 deg F (0.3 deg C)] [0.36 deg F (0.2 deg C)] at calibration point.

b. Wire:  Twisted, shielded-pair cable.

c. Insertion Elements in Ducts:  Single point, [8 inches (20 cm)] [18 inches (46 cm)] long; use where not affected by temperature stratification or where ducts are smaller than 9 sq. ft. (1 sq. m).

d. Averaging Elements in Ducts:  [36 inches (91 cm) long, flexible] [72 inches (183 cm) long, flexible] [18 inches (46 cm) long, rigid]; use where prone to temperature stratification or where ducts are larger than 9 sq. ft. (1 sq. m); length as required.

e. Insertion Elements for Liquids:  Brass socket with minimum insertion length of 2-1/2 inches (64 mm).

f. Room Sensors:  Match room thermostats, locking cover.

g. Outside-Air Sensors:  Watertight inlet fitting, shielded from direct sunlight.

h. Room Security Sensors:  Stainless-steel cover plate with insulated back and security screws.

2. Resistance Temperature Detectors:  Platinum.

a. Accuracy:  Plus or minus 0.2 percent at calibration point.

b. Wire:  Twisted, shielded-pair cable.

c. Insertion Elements in Ducts:  Single point, [8 inches (20 cm)] [18 inches (46 cm)] long; use where not affected by temperature stratification or where ducts are smaller than 9 sq. ft. (1 sq. m).

d. Averaging Elements in Ducts:  [36 inches (91 cm) long, flexible] [72 inches (183 cm) long, flexible] [18 inches (46 cm) long, rigid]; use where prone to temperature stratification or where ducts are larger than 9 sq. ft. (1 sq. m); length as required.

e. Insertion Elements for Liquids:  Brass socket with minimum insertion length of 2-1/2 inches (64 mm).

f. Room Sensors:  Match room thermostats, locking cover.

g. Outside-Air Sensors:  Watertight inlet fitting, shielded from direct sunlight.

h. Room Security Sensors:  Stainless-steel cover plate with insulated back and security screws.

3. Humidity Sensors:  Bulk polymer sensor element.

a. Accuracy:  5 percent full range with linear output.

Another standard span for room sensors below is 20 to 90 percent relative humidity with 2 percent accuracy.

b. Room Sensors:  With locking cover matching room thermostats, span of 25 to 90 percent relative humidity.

c. Duct and Outside-Air Sensors:  With element guard and mounting plate, range of 0 to 100 percent relative humidity.

4. Static-Pressure Transmitter:  Nondirectional sensor with suitable range for expected input, and temperature compensated.

a. Accuracy:  2 percent of full scale with repeatability of 0.5 percent.

b. Output:  4 to 20 mA.

c. Building Static-Pressure Range:  0 to 0.25 inch wg (0 to 62 Pa).

d. Duct Static-Pressure Range:  0 to 5 inches wg (0 to 1243 Pa).

5. Pressure Transmitters:  Direct acting for gas, liquid, or steam service; range suitable for system; proportional output 4 to 20 mA.

B. Equipment operation sensors as follows:

1. Status Inputs for Fans:  Differential-pressure switch with adjustable range of 0 to 5 inches wg (0 to 1243 Pa).

2. Status Inputs for Pumps:  Differential-pressure switch piped across pump with adjustable pressure-differential range of 8 to 60 psig (55 to 414 kPa).

3. Status Inputs for Electric Motors:  Current-sensing relay with current transformers, adjustable and set to 175 percent of rated motor current.

C. Electronic Valve/Damper Position Indication:  Visual scale indicating percent of travel and 2- to 10-V dc, feedback signal.

D. Water-Flow Switches:  Pressure-flow switches of bellows-actuated mercury or snap-acting type, with appropriate scale range and differential adjustment, with stainless-steel or bronze paddle.  For chilled-water applications, provide vaporproof type.

E. Carbon-Monoxide Detectors:  Single or multichannel, dual-level detectors, using solid-state sensors with 3-year minimum life, maximum 15-minute sensor replacement, suitable over a temperature range of 23 to 130 deg F (minus 5 to plus 55 deg C), calibrated for 50 and 100 ppm, with maximum 120-second response time to 100-ppm carbon monoxide.

F. Carbon-Dioxide Sensor and Transmitter:  Single detectors, using solid-state infrared sensors, suitable over a temperature range of 23 to 130 deg F (minus 5 to plus 55 deg C), calibrated for 0 to 2 percent, with continuous or averaged reading, 4 to 20 mA output, and wall mounted.

G. Oxygen Sensor and Transmitter:  Single detectors, using solid-state zircon cell sensing, suitable over a temperature range of minus 32 to plus 1100 deg F (0 to 593 deg C), calibrated for 0 to 5 percent, with continuous or averaged reading, 4 to 20 mA output, and wall mounted.

H. Refrigerant Detectors:  Dual-level detectors, using solid-state sensors, with alarm preset for 300 ppm, alarm indicator light, alarm silence light and button, alarm test light and button, and trouble light.  Provide auxiliary relay preset for 150 ppm.

I. Occupancy Sensor:  Passive infrared, with time delay, daylight sensor lockout, sensitivity control, and 180-deg ree field of view with vertical sensing adjustment, for flush mounting.

2.6 THERMOSTATS

A. Combination Thermostat and Fan Switches:  Line-voltage thermostat with two-, three-, or four-position, push-button or lever-operated fan switch.

1. Label switches "FAN ON-OFF," "FAN HIGH-LOW-OFF," "FAN HIGH-MED-LOW-OFF."  Provide unit for mounting on two-gang switch box.

B. Low-Voltage, On-Off Thermostats:  NEMA DC 3, 24-V, bimetal-operated, mercury-switch type, with adjustable or fixed anticipation heater.

C. Line-Voltage, On-Off Thermostats:  Bimetal-actuated, open contact or bellows-actuated, enclosed, snap-switch type, or equivalent solid-state type, with heat anticipator, integral manual on-off-auto selector switch.

1. Equip thermostats, which control electric heating loads directly, with off position on dial wired to break ungrounded conductors.

2. Dead Band:  Maximum 2 deg F (1 deg C).

D. Remote-Bulb Thermostats:  On-off or modulating type, liquid filled to compensate for changes in ambient temperature, with copper capillary and bulb, unless otherwise indicated.

1. Bulbs in water lines with separate wells of same material as bulb.

2. Bulbs in air ducts with flanges and shields.

3. Averaging Elements:  Copper tubing with either single- or multiple-unit elements, extended to cover full width of duct or unit, adequately supported.

4. Scale settings and differential settings are clearly visible and adjustable from front of instrument.

5. On-Off Thermostat:  With precision snap switches, with electrical ratings required by application.

6. Modulating Thermostats:  Construct so complete potentiometer coil and wiper assembly is removable for inspection or replacement without disturbing calibration of instrument.

E. Fire-Protection Thermostats:  UL listed with fixed or adjustable settings to operate at not less than 75 deg F (24 deg C) above normal maximum operating temperature, with the following:

Coordinate paragraph above with latest issue of NFPA 90A.

1. Reset:  [Manual] [Automatic with control circuit arranged to require manual reset at central control panel, with pilot light and reset switch on panel labeled to indicate operation].

F. Room Thermostat Cover Construction:  Manufacturer's standard locking covers.

Subparagraphs below are optional.

1. Set-Point Adjustment:  [Concealed] [Exposed].

2. Set-Point Indication:  [Concealed] [Keyed] [Exposed].

3. Thermometer:  [Concealed] [Exposed] [Red-reading glass] [Spiral bimetal].

4. Color:  <Insert color from manufacturer's standard colors.>

5. Orientation:  [Vertical] [Horizontal].

Select accessories below or insert other accessories if required.  Possibly insert a listing of areas (by categories) to receive accessories.

G. Room thermostat accessories include the following:

1. Insulating Bases:  For thermostats located on exterior walls.

2. Thermostat Guards:  [Locking; heavy-duty, transparent plastic; mounted on separate base] [Metal wire, tamperproof] [Locking, solid metal, ventilated].

3. Adjusting Key:  As required for calibration and cover screws.

4. Aspirating Boxes:  For flush-mounted aspirating thermostats.

5. Set-Point Adjustment:  1/2-inch- (13-mm-) diameter, adjustment knob.

H. Immersion Thermostat:  Remote-bulb or bimetal rod-and-tube type, proportioning action with adjustable throttling range and adjustable set point.

I. Electric Low-Limit Duct Thermostat:  Snap-acting, single-pole, single-throw, manual- or automatic-reset switch that trips if temperature sensed across any 12 inches (300 mm) of bulb length is equal to or below set point.

1. Bulb Length:  Minimum 20 feet (6 m).

2. Quantity:  One thermostat for every 20 sq. ft. (2 sq. m) of coil surface.

J. Electric High-Limit Duct Thermostat:  Snap-acting, single-pole, single-throw, manual- or automatic-reset switch that trips if temperature sensed across any 12 inches (300 mm) of bulb length is equal to or above set point.

1. Bulb Length:  Minimum 20 feet (6 m).

2. Quantity:  One thermostat for every 20 sq. ft. (2 sq. m) of coil surface.

K. Heating/Cooling Valve-Top Thermostats:  Proportional acting for proportional flow, molded-rubber diaphragm, remote-bulb liquid-filled element, direct and reverse acting at minimum shutoff pressure of 25 psig (172 kPa), and cast housing with position indicator and adjusting knob.

2.7 HUMIDISTATS

A. Duct-Mounted Humidistats:  Electric insertion, 2-position type with adjustable 2 percent throttling range, 20 to 80 percent operating range, single- or double-pole contacts.

2.8 ACTUATORS

A. Electric Motors:  Size to operate with sufficient reserve power to provide smooth modulating action or two-position action.

Motor characteristics such as NEMA designation, temperature rating, service factor, enclosure type, and efficiency are specified in Division 15 Section "Motors."  If different characteristics are required, add paragraphs below to suit Project.

1. Comply with requirements in Division 15 Section "Motors."

2. Permanent Split-Capacitor or Shaded-Pole Type:  Gear trains completely oil immersed and sealed.  Equip spring-return motors with integral spiral-spring mechanism in housings designed for easy removal for service or adjustment of limit switches, auxiliary switches, or feedback potentiometer.

3. Nonspring-Return Motors for Valves Larger Than NPS 2-1/2 (DN 65):  Size for running torque of 150 in. x lbf (16.9 N x m) and breakaway torque of 300 in. x lbf (33.9 N x m).

4. Spring-Return Motors for Valves Larger Than NPS 2-1/2 (DN 65):  Size for running and breakaway torque of 150 in. x lbf (16.9 N x m).

5. Nonspring-Return Motors for Dampers Larger Than 25 Sq. Ft. (2.3 sq. m):  Size for running torque of 150 in. x lbf (16.9 N x m) and breakaway torque of 300 in. x lbf (33.9 N x m).

6. Spring-Return Motors for Dampers Larger Than 25 Sq. Ft. (2.3 sq. m):  Size for running and breakaway torque of 150 in. x lbf (16.9 N x m).

B. Electronic [Damper] [Large-Valve] Actuators:  Direct-coupled type designed for minimum 60,000 full-stroke cycles at rated torque.

1. Valves:  Size for torque required for valve close-off at maximum pump differential pressure.

2. Dampers:  Size for running torque calculated as follows:

a. Parallel-Blade Damper with Edge Seals:  7 inch-pounds/sq. ft. (86.8 kg-cm/sq. m) of damper.

b. Opposed-Blade Damper with Edge Seals:  5 inch-pounds/sq. ft. (62 kg-cm/sq. m) of damper.

c. Parallel-Blade Damper without Edge Seals:  4 inch-pounds/sq. ft (49.6 kg-cm/sq. m) of damper.

d. Opposed-Blade Damper without Edge Seals:  3 inch-pounds/sq. ft. (37.2 kg-cm/sq. m) of damper.

e. Dampers with 2 to 3 Inches wg (500 to 750 Pa) of Pressure Drop or Face Velocities of 1000 to 2500 FPM (5 to 13 m/s):  Multiply the minimum full-stroke cycles above by 1.5.

f. Dampers with 3 to 4 Inches wg (750 to 1000 Pa) of Pressure Drop or Face Velocities of 2500 to 3000 FPM (13 to 15 m/s):  Multiply the minimum full-stroke cycles above by 2.0.

3. Coupling:  V-bolt and V-shaped, toothed cradle.

4. Overload Protection:  Electronic overload or digital rotation-sensing circuitry.

5. Fail-Safe Operation:  Mechanical, spring-return mechanism.  Provide external, manual gear release on non-spring-return actuators.

6. Power Requirements (Two-Position Spring Return):  [24] [120] [230]-V ac.

7. Power Requirements (Modulating):  Maximum 10 VA at 24-V ac or 8 W at 24-V dc.

8. Proportional Signal:  2- to 10-V dc or 4 to 20 mA, and 2- to 10-V dc position feedback signal.

9. Temperature Rating:  [Minus 22 to plus 122 deg F (minus 30 to plus 50 deg C)] [40 to 104 deg F (4 to 40 deg C)].

10. Temperature Rating (Smoke Dampers):  Minus 22 to plus 250 deg F (minus 30 to plus 121 deg C).

11. Run Time:  [12 seconds open, 5 seconds closed] [30 seconds] [60 seconds] [120 seconds].

2.9 CONTROL VALVES

A. Control Valves:  Factory fabricated, of type, body material, and pressure class based on maximum pressure and temperature rating of piping system, unless otherwise indicated.

B. Globe Valves NPS 2 (DN 50) and Smaller:  Bronze body, bronze trim, rising stem, renewable composition disc, and screwed ends with backseating capacity repackable under pressure.

C. Globe Valves NPS 2-1/2 (DN 65) and Larger:  Iron body, bronze trim, rising stem, plug-type disc, flanged ends, and renewable seat and disc.

D. Hydronic system globe valves shall have the following characteristics:

1. Rating:  Class 125 for service at 125 psig (862 kPa) and 250 deg F (121 deg C) operating conditions.

2. Internal Construction:  Replaceable plugs and seats of stainless steel or brass.

Select one or both valve seating arrangements below.

a. Single-Seated Valves:  Cage trim provides seating and guiding surfaces for plug on top and bottom of guided plugs.

b. Double-Seated Valves:  Balanced plug; cage trim provides seating and guiding surfaces for plugs on top and bottom of guided plugs.

Maximum pressure drops of up to 5 psig (35 kPa) are usually acceptable.

3. Sizing:  3-psig (21-kPa) maximum pressure drop at design flow rate.

4. Flow Characteristics:  Two-way valves shall have equal percentage characteristics;  three-way valves shall have linear characteristics.  Operators shall close valves against pump shutoff head.

Butterfly valves below can also be rated up to 250 deg F (121 deg C).

E. Butterfly Valves:  200-psig (1380-kPa), 150-psig (1035-kPa) maximum pressure differential, ASTM A 126 cast-iron or ASTM A 536 ductile-iron body and bonnet, extended neck, stainless-steel stem, field-replaceable EPDM or Buna N sleeve and stem seals.

1. Body Style:  [Wafer] [Lug] [Grooved].

2. Disc Type:  [Nickel-plated ductile iron] [Aluminum bronze] [Elastomer-coated ductile iron] [Epoxy-coated ductile iron].

3. Sizing:  1-psig (7-kPa) maximum pressure drop at design flow rate.

Coordinate number of ports for terminal unit control valves below with Drawings.

F. Terminal Unit Control Valves:  Bronze body, bronze trim, two- or three-port as indicated, replaceable plugs and seats, union and threaded ends.

1. Rating:  Class 125 for service at 125 psig (862 kPa) and 250 deg F (121 deg C) operating conditions.

2. Sizing:  3-psig (21-kPa) maximum pressure drop at design flow rate, to close against pump shutoff head.

3. Flow Characteristics:  Two-way valves shall have equal percentage characteristics;  three-way valves shall have linear characteristics.

2.10 DAMPERS

A. Dampers:  AMCA-rated, [parallel] [opposed]-blade design; 0.1084-inch (2.8-mm) minimum, galvanized-steel frames with holes for duct mounting; damper blades shall not be less than 0.0635-inch (1.6-mm) galvanized steel with maximum blade width of 8 inches (203 mm).

1. Blades shall be secured to 1/2-inch- (13-mm-) diameter, zinc-plated axles using zinc-plated hardware, with nylon blade bearings, blade-linkage hardware of zinc-plated steel and brass, ends sealed against spring-stainless-steel blade bearings, and thrust bearings at each end of every blade.

2. Operating Temperature Range:  From minus 40 to plus 200 deg F (minus 40 to plus 93 deg C).

3. For standard applications, include optional closed-cell neoprene edging.

4. For low-leakage applications, use parallel- or opposed-blade design with inflatable seal blade edging, or replaceable rubber seals, rated for leakage at less than 10 cfm per sq. ft. (51 L/s per sq. m) of damper area, at differential pressure of 4 inches wg (995 Pa) when damper is being held by torque of 50 in. x lbf (5.6 N x m); when tested according to AMCA 500D.

2.11 CONTROL CABLE

A. Electronic Cable for Control Wiring:  As specified in Division 16 Section "Control/Signal Transmission Media."

PART 3 -  EXECUTION

3.1 INSTALLATION

A. Install equipment level and plumb.

B. Verify location of thermostats, humidistats, and other exposed control sensors with plans and room details before installation.  Locate all 60 inches (1524 mm) above the floor.

1. Install averaging elements in ducts and plenums in crossing or zigzag pattern.

Expand list of locations below or clearly indicate on Drawings.

C. Install guards on thermostats in the following locations:

1. Entrances.

2. Public areas.

3. Where indicated.

D. Install automatic dampers according to Division 15 Section "Duct Accessories."

E. Install damper motors on outside of duct in warm areas, not in locations exposed to outdoor temperatures.

F. Install labels and nameplates to identify control components according to Division 15 Section "[Basic Mechanical Materials and Methods] [Mechanical Identification]."

G. Install hydronic instrument wells, valves, and other accessories according to Division 15 Section "Hydronic Piping."

H. Install refrigerant instrument wells, valves, and other accessories according to Division 15 Section "Refrigerant Piping."

I. Install duct volume-control dampers according to Division 15 Sections specifying air ducts.

J. Install electronic cables according to Division 16 Section "Control/Signal Transmission Media."

3.2 ELECTRICAL WIRING AND CONNECTION INSTALLATION

A. Install raceways, boxes, and cabinets according to Division 16 Section "Raceways and Boxes."

B. Install building wire and cable according to Division 16 Section "Conductors and Cables."

C. Install signal and communication cable according to Division 16 Section "Control/Signal Transmission Media."

1. Conceal cable, except in mechanical rooms and areas where other conduit and piping are exposed.

2. Install exposed cable in raceway.

3. Install concealed cable in raceway.

4. Bundle and harness multiconductor instrument cable in place of single cables where several cables follow a common path.

5. Fasten flexible conductors, bridging cabinets and doors, along hinge side; protect against abrasion.  Tie and support conductors.

6. Number-code or color-code conductors for future identification and service of control system, except local individual room control cables.

3.3 CONNECTIONS

A. Install piping adjacent to machine to allow service and maintenance.

B. Connect manual-reset limit controls independent of manual-control switch positions.  Automatic duct heater resets may be connected in interlock circuit of power controllers.

C. Connect hand-off-auto selector switches to override automatic interlock controls when switch is in hand position.

D. Ground equipment.

3.4 FIELD QUALITY CONTROL

A. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect field-assembled components and equipment installation, including piping and electrical connections.  Report results in writing.

1. Operational Test:  After electrical circuitry has been energized, start units to confirm proper unit operation.  Remove malfunctioning units, replace with new units, and retest.

2. Test and adjust controls and safeties.  Replace damaged and malfunctioning controls and equipment, and retest.

3. Calibration test controllers by disconnecting input sensors and stimulating operation with compatible signal generator.

Delete first paragraph below if factory-authorized service representative is not required.

B. Engage a factory-authorized service representative to perform startup service.

C. Replace damaged or malfunctioning controls and equipment.

1. Start, test, and adjust control systems.

2. Demonstrate compliance with requirements, including calibration and testing, and control sequences.

3. Adjust, calibrate, and fine tune circuits and equipment to achieve sequence of operation specified.

3.5 DEMONSTRATION

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, operate, and maintain HVAC instrumentation and controls.  Refer to Division 1 Section "[Closeout Procedures] [Demonstration and Training]."

3.6 ON-SITE ASSISTANCE

A. Occupancy Adjustments:  Within one year of date of Substantial Completion, provide up to three Project-site visits, when requested by Owner, to adjust and calibrate components and to assist Owner's personnel in making program changes and in adjusting sensors and controls to suit actual conditions.
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