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SECTION 15971

ELECTRIC CONTROL SYSTEMS

1.00  GENERAL

1.01 PRINCIPAL WORK IN THIS SECTION

A. Control equipment.

B. Software.

1.02 PRODUCTS FURNISHED BUT NOT INSTALLED UNDER THIS SECTION

A. Section [_____ - __________]: Installation of direct digital control system equipment.

B. Section 15510 - Hydronic Piping: Installation of control valves, flow switches, temperature sensor sockets, gage taps, flow meters.

C. Section 15520 - Steam and Steam Condensate Piping: Installation of control valves, flow switches, temperature sensor sockets, gage taps, flow meters.

D. Section 15910 - Ductwork Accessories: Installation of automatic dampers, smoke detectors.  Connection of damper end switches.

1.03 SYSTEM DESCRIPTION

A. Automatic temperature control field monitoring and control system using field programmable micro-processor based units[.] [with communications to Building Management System specified in Section [_____].]

B. Central and remote hardware, software, and interconnecting wire and conduit.

C. Terminal unit controls for variable air volume terminals, radiation, reheat coils, unit heaters, fan coils, pneumatic or electric unless indicated otherwise.

D. Damper Motors and Valve Operators: [Pneumatic.] [Electronic.]

1.04 SUBMITTALS

A. Shop Drawings:

1. Trunk cable schematic showing programmable control unit locations, and trunk data conductors.

2. List of connected data points, including connected control unit and input device.

3. System graphics indicating monitored systems, data (connected and calculated) point addresses, and operator notations.

4. System configuration with peripheral devices, batteries, power supplies, diagrams, modems, and interconnections.

5. Descriptive data and sequence of operation of operating, user, and application software.

B. Product Data: Provide data for each system component and software module.

1.05 PROJECT RECORD DOCUMENTS

A. Accurately record actual location of control components, including panels, thermostats, and sensors.

B. Include data specified in "Submittals" in final "Record Documents" form.

1.06 OPERATION AND MAINTENANCE DATA

A. Include interconnection wiring diagrams complete field installed system with identified and numbered, system components and devices.

B. Include keyboard illustrations and step-by-step procedures indexed for each operator function.

C. Include inspection period, cleaning methods, cleaning materials recommended, and calibration tolerances.

1.07 MAINTENANCE SERVICE

A. Furnish service and maintenance of energy management and control system for [one] [two] [_____] years.

B. Provide [two] [four] [_____] complete inspections [per year], one in each season, to inspect, calibrate, and adjust controls as required, and submit written reports.

OR

C. Provide complete service of systems, including call backs. Make minimum of [_____] complete normal inspections of approximately [_____] hours duration in addition to normal service calls to inspect, calibrate, and adjust controls, and submit written reports.

1.08 EXTRA MATERIALS

A. Provide [two] [_____] of each type of exposed sensor.

1.09 PROTECTION OF SOFTWARE RIGHTS

A. Prior to delivery of software, the Owner and the party providing the software will enter into a software license agreement with provisions for the following:

1. Limiting use of software to equipment provided under these specifications.

2. Limiting copying.

3. Preserving confidentiality.

4. Prohibiting transfer to a third party.

5. [___________________________________.]

2.00 PRODUCTS

2.01 MANUFACTURERS

NOTE:
USE MANUFACTURERS LISTED IN THE FOLLOWING LIST:

A. Automatic control system:

1. Barber-Colman.

2. Johnson Service Co.

3. Honeywell, Inc.

4. MCC Powers.

B. Smoke Dampers:

1. Honeywell, Inc.

2. Johnson Service Co.

3. Air Balance, Inc.

4. Ruskin Mfg. Co,

5. Airstream Products Co., Inc.

NOTE:
MAKE SURE THAT REQUIREMENTS INCLUDED IN 2.02 THROUGH THE END OF PART 2 DO NOT CONFLICT WITH MANUFACTURERS AND PRODUCTS SPECIFIED.

2.02 MATERIALS

A. Pneumatic Tubing and Fittings:

1. Copper tubing:

a. Hard or soft drawn.

b. Solder joint type fittings.

1) Brass or copper.

2. Non-metallic:

a. Black polyethylene.

b. Fitting: 

1) Barb type.

2) Rigid, unplasticized polyvinyl chloride or brass.

c. Similar to Dekoran Type FR or Samuel Moore.

3. Apparatus connection fittings:

a. Compression type.

1) Brass or copper.

b. Air gauge connections.

1) Plugged tee.

B. Electric Wiring and Devices:

1. Under this Section:

a. Electric wiring and wiring connections required for installation of temperature control system.

1) Provide under this section unless specifically shown on drawings or specified to be under Division 16:  ELECTRICAL.

2) Wiring shall comply with requirements of local and national electrical codes.

b. Low voltage wiring:

1) Class II control cable.

a) Concealed and accessible if permitted by local codes.

b) Otherwise, installed in conduit in accordance with Division 16:  ELECTRICAL.

2. Under Division 16:  ELECTRICAL:

a. Motor controllers.

1) Except where furnished as part of prewired equipment.

b. Power wiring.

1) Defined as conductors carrying full load current of apparatus.

2.03 COMPRESSED AIR EQUIPMENT

A. Compressors:

1. Duplex.

2. Capacity of each compressor:

a. Sufficient to supply required air volume:

NOTE:
INCLUDE AS APPLICABLE FOR THIS JOB.  THIS SIZE MAY NOT BE NECESSARY.

b. WHEN OPERATING MAXIMUM 1/3 OF TIME.

NOTE:
COORDINATE WITH ELECT. DEPT.

3. Motors:  minimum hp as scheduled on drawings.

4. Belt drives:

a. V-belt.

b. Capacity:  minimum 1.5 times motor horsepower.

5. Provide removable belt guard for each compressor.

a. See Section 15050:  GENERAL PROVISIONS, MECHANICAL.

6. With means for:

a. Oil lubrication.

b. Drainage.

c. Filling.

d. Level indicator.

7. Installation:

OPTION!  SELECT APPLICABLE OPTION FROM THE FOLLOWING LISTINGS:

a. Tank Mounted. 

OR

b. Remote mounted:

1) Field installed piping.

B. Air Storage Tanks:

NOTE:
INCLUDE AS APPLICABLE FOR THIS JOB.  THIS SIZE MAY NOT BE NECESSARY.

1. Steel.

2. Total capacity:  15 minutes without compressor operation.

3. Working pressure:  minimum 200 psig.

4. Constructed and stamped in accordance with ASME Code for Unfired Pressure Vessels.

5. Valved drain connection.

6. Automatic moisture trap.

C. Controls:

1. Selector switch for manually changing starting sequence of compressors, lead-lag control:

a. First compressor:  operates between 90 and 70 psi.

b. Second compressor:  automatically starts if tank pressure falls below 65 psi.

NOTE:
INCLUDE AS APPLICABLE FOR THIS JOB.  SELECT APPLICABLE OPTION FROM THE FOLLOWING LISTINGS.  COORDINATE WITH ELECTRICAL AND INDICATE PROPERLY ON ME SHEET.  INDICATE CLEARLY AS FWE OR FWP AS APPLICABLE.

2. Starters:

OPTION 1

a. Factory installed starters on compressor assembly.

b. See Section 15051:  MOTORS AND MOTOR CONTROLLERS.

OPTION 2

c. Furnish starters to be installed on wall adjacent to compressor assembly.

d. See Section 15051:  MOTORS AND MOTOR CONTROLLERS.

e. Installation under Division 16:  ELECTRICAL.

f. Interlock wiring between factory mounted controls and starters under this Section.

OPTION 3

g. Starters in motor control center provided under Division 16:  ELECTRICAL.

h. Interlock wiring between factory mounted controls and motor control center under this section.

D. Accessories:

1. 2-stage, parallel pressure-reducing station.

NOTE:
INCLUDE AS APPLICABLE FOR THIS JOB.

a. Control air main.

NOTE:
INCLUDE AS APPLICABLE FOR THIS JOB.


Two (or more) control air mains:

1) 15 psi for controls.

2) 20 psi for switchover control.

NOTE:
CHECK WITH FAN MANUFACTURER FOR DIFFERENT PRESSURE REQUIREMENTS

3) 30 psi for controllable pitch fan actuators.

NOTE:
COORDINATE WITH ELECT. DEPT.

2. Refrigerated aftercooler.

3. High-efficiency prefilters.

4. High-efficiency afterfilters.

5. Intake silencers.

6. Relief valves.

NOTE:
COORDINATE WITH ELEC. DEPT.

7. Pressure switches.

8. Gauges.

9. Drains.

10. Bypasses.

11. Shutoff valves.

12. Vibration isolators for compressors and piping.

13. Automatic moisture trap after pressure regulating assembly:

a. See Section 15210 VIBRATION ISOLATION AND SEISMIC CONTROL.

NOTE:
COORDINATE WITH ELEC. DEPT.

E. Provide interconnection with existing pneumatic (electrical) system.

NOTE:
INCLUDE AS APPLICABLE FOR THIS JOB.  INVESTIGATE IF SOME FORM OF SOUND ATTENUATION FOR CONTROL COMPRESSOR IS REQUIRED.  CHECK WITH ACOUSTICAL CONSULTANT.  WRITE PARAGRAPH TO SUIT.

F. Sound Attenuation.

2.04 INSTRUMENTATION

A. Control Instruments, Thermostats, Humidistat, Pressure Regulators, except as noted.

1. Fully proportioning.

2. Adjustable sensitivity.

3. Range Adjustment.

4. Pilot bleed relay type or bleed type with individual nonbleed relays.

B. Remote Bulb Mounting:

1. Ducts and Casings:  Flanged.

2. Pipes and Tanks:  Brass, Separable sockets.

3. Insulated Work:  Flanges and Sockets extension neck type to finish flush with insulation surface.

C. Elements, Sensing Air Temperature in ductwork or casings:

1. Averaging type.

2. Sensing Length or number of elements to measure air temperature though entire cross section of duct or casing.

D. Thermostats:

NOTE:  BOTH MAY BE REQUIRED FOR SOME PROJECTS

OPTION 1  TYPE    

1. Pneumatic, except as noted.

a. Two pipe air with adjustable sensitivity.

b. Temperature transmitter type:

1) Receiver-controller where specified or applicable.

2) Gauges at receiver-controller to indicate main and branch line pressure at each transmitter.

OPTION 2  TYPE    

2. Electronic, except as noted.

NOTE:
INCLUDE AS APPLICABLE FOR THIS JOB.

3. Electric, except as noted:

a. Line voltage.

b. Low voltage.

4. Room type (exposed):

a. With manually adjustable set point throughout range of 55 to 85 degrees F.

b. With manually adjustable spread, between full heating and full cooling.

1) Range of spread, 3 to 10 degrees F.

c. With manual adjustment to prevent heating when room temperature exceeds limit set point.

1) Range of limit set point, 65 to 75 degrees F.

d. With manual adjustment to prevent cooling when room temperature is below limit set point.

1) Range of limit set point, 70 to 80 degrees F.

OPTION!  SELECT APPLICABLE OPTION FROM THE FOLLOWING LISTINGS:

OPTION 1   

e. Key Adjustment.

OPTION 2   

f. Concealed Adjustment.

OPTION 1   

g. With Thermometer.

OPTION 2   

h. Without Thermometer.

i. Finish:  as approved.

j. Gymnasium Guard:

1) Metal, locked protective cover.

NOTE:
AVOID ASPIRATING NOZZLE TYPE IN QUIET ROOMS.  EDIT TO SUIT JOB REQUIREMENTS.  INCLUDE ONLY REFERENCES DIRECTLY AFFECTING WORK OF THIS SECTION.

5. Room type recessed:

OPTION!  SELECT APPLICABLE OPTION FROM THE FOLLOWING LISTINGS:

a. With manually adjustable set point throughout range of 55 to 85 degrees F.

b. With manually adjustable spread, between full heating and full cooling.

1) Range of spread, 3 to 10 degrees F.

c. With manual adjustment to prevent heating when room temperature exceeds limit set point.

1) Range of limit set point, 65 to 75 degrees F.

d. With manual adjustment to prevent cooling when room temperature is below limit set point.

1) Range of limit set point, 70 to 80 degrees F.

OPTION 1   


e. External adjustment.

OPTION 2   

f. Concealed adjustment.

OPTION 1   


g. With thermometer.

OPTION 2   

h. Without thermometer.

i. Locking cover, type as approved.

j. Gymnasium guard.

k. Finish, as approved.

NOTE:
INCLUDE AS APPLICABLE FOR THIS JOB.

l. Air circulation:

1) Pneumatic aspirating nozzle.

2) By connection to adjacent exhaust or return air duct.

6. Duct and immersion type:  remote transmission.

7. Following thermostats may be bleed type:

OPTION 1  UNIT    

a. Induction unit.

OPTION 2  UNIT    

b. Fan coil units.

c. Constant-volume regulators.

d. Classroom-type unit ventilator low-limit thermostats.

NOTE;
COORDINATE WITH ELEC. DEPT.

8. Electric line voltage type for:

a. Safety cutoff:

1) Manual-reset type.

2) 20 ft capillary tubing.

3) Coil assembly with more than one coil:  Safety thermostat for each coil.

NOTE;
COORDINATE WITH ELEC. DEPT.

9. Low temperature protection thermostats:

a. Double-pole, single throw switch.

b. 20 feet, nonaveraging element.

c. Thermostats nonadjustable with manual reset.

d. Case insulated if exposed to low temperature.

10. High temperature protection thermostats:

a. 125 degrees F. cutout setting, unless otherwise noted.

b. 42 inch long capillary.

c. Thermostats with manual reset.

d. Equipped and wired with auxiliary relay which can be wired to fire alarm system.

E. Humidistat:

OPTION 1  HUM     

1. Pneumatic, except as noted.

a. Two pipe air with adjustable sensitivity.

OPTION 2  HUM     

2. Electronic, except as noted.

3. Adjustable throttling range.

4. Room Type (exposed)

a. Key adjusted.

b. Finish:  as approved.

NOTE:
SEE DEPT CHIEF ENGINEER BEFORE SPECIFYING RECESSED TYPE.

5. Room type (recessed).

OPTION!  SELECT APPLICABLE OPTION FROM THE FOLLOWING LISTINGS:

OPTION 1   

a. Key adjustment.

OPTION 2   

b. Concealed adjustment.

OPTION 1   

c. With humidity indicator.

OPTION 2   

d. Without humidity indicator.

OPTION 3   

e. Gymnasium guard.

f. Face plate grille.

g. Finish:  as approved.

h. Flush-mounted in recessed aspirator cabinet with motor driven exhaust blower for room air circulation only.

6. Duct type:  remote transmission.

7. Capable of returning to original calibration after being subject to saturated air.

F. Pressure controllers:  remote transmission type.

G. Static Pressure Sensors:

1. Outdoor type.

2. Complete with mounting bracket.

3. 50 ft. clear vinyl tubing.

4. Dwyer No. A306, or Cambridge Shielded Static Pressure Probe No. C984077291.

H. Relay controllers:  throttling range adjustable to meet minimum requirements of control specified.

I. Transmitters:

1. Proportional, direct acting type.

2. Remote bulb capillaries.

a. Capillary compensated.

b. Installed in conduit.

3. Water sensing devices to have separable wells.

4. Temperature transmitters or remote bulb thermostats affected by vibration not mounted on ductwork.

5. Duct sensing devices to have averaging bulbs of length to cover entire cross-section of duct.

6. Provide feedback in sensors to assure accurate control.

7. Accuracy:

a. Temperature and pressure:  plus or minus 1 percent of scale.

b. Humidity:  plus or minus 2 percent of scale.

c. Referenced to common gauge having accuracy of 1/2 percent of scale.

8. Transmitter spans operating point at midscale.

a. Room temperature:  50 deg F.

b. Chilled water and condenser water temperature: 100 deg F.

c. Hot water temperature:  200 deg F.

d. Duct air temperature:  100 deg F or 200 deg F (as required by maximum duct temperature).

e. Dew-point temperature:  50 deg F.

f. Room air return air humidity:  50 percent RH.

J. Receiver controllers and electric proportional controllers:

1. Two pipe relay type with proportional band adjustments from 2-1/2 to 40% of span (minimum).

a. If electronic 21 to 101 degrees F throttling range.

b. Controller field adjustable from direct to reverse acting.

c. Set point adjustment direct reading.

2. Fluidics type receiver controllers.

a. Based on pure fluid pressure balance principles.

b. Controllers receive pneumatic inputs and convert them to controlled outputs using:

1) Fluidics resistors.

2) Capacitors and inductors to accomplish proportional control.

3) Remote reset.

4) Local or remote readjustment of set point as required.

c. Controller proportional.

d. Direct or reverse acting.

e. Adjustable gain and ratio.

3. Provide permanently installed gages at each connection to controllers' inputs and outputs except on electric system.

4. Mount controllers in control panels.

NOTE:
COORD. WITH ELECT. DEPT.

2.05 CONTROL CABINETS

A. Unitized cabinet assembly:

1. Typical of master and local control panels.

NOTE:
INCLUDE AS APPLICABLE FOR THIS JOB.

B. Features:

1. Freestanding.

OR

2. Wall-mounted.

3. Front access.

OR

4. Rear access.

5. Enclosure:

a. Indoors:  NEMA 1.

b. Outdoors:  NEMA 4.

C. Doors:

1. Maximum 3 feet wide.

2. Cylinder lock.

3. Three keys.

D. Provide with:

NOTE:
INCLUDE AS APPLICABLE FOR THIS JOB.  CANOPY LIGHTING USED ON LARGE CENTRAL PLANT CONTROL BOARD.  NOT NEEDED FOR MOST OF OUR PROJECTS.

1. Prewired canopy lighting fixture:

a. Full length across top of cabinet.

b. Switch in cabinet.

c. At master control panel only.

2. Framed, plastic-encased control diagram of respective system secured to cabinet.

3. Nameplates:

NOTE:
INCLUDE AS APPLICABLE FOR THIS JOB.

a. Lamicord labels.

b. Affixed with cadmium or chromium plated screws.

c. Provide for devices on face and inside cabinet.

E. Provide following cabinets:

1. Master Control Panel.

a. Locate in main mechanical equipment room.

OR

b. Locate  in Engineer's office.

2. Local control panel:

a. Locate on in each mechanical equipment room other than main room.

b. At remote equipment, if required.  Locate on or adjoining equipment:

1) Weatherproof cabinets exposed outdoors.

F. Locate following in cabinets, except as noted:

1. Switches and relays.

2. EP relay for each motor actuating pneumatic controls.

3. PE relay for each motor actuated by pneumatic controls.

4. Controllers.

5. Time switch:

NOTE:
INCLUDE AS APPLICABLE FOR THIS JOB.

a. In master control cabinet only.

b. In other cabinets as required.

G. Following flush-mounted on front of cabinet door, visible and operable with door closed.

1. Gauges:

a. 2 to 3-1/2 inch diameter.

b. Flush type.

2. Indicators for controllers.

3. Switches.

4. Pilot lights.

NOTE:
INCLUDE AS APPLICABLE FOR THIS JOB.

5. Intercommunication units.

H. Tubing and Wiring connections:

1. Prepipe all pneumatic devices within cabinet.

2. Prewire all electrical devices within cabinet.

3. Apply terminal numbering system to all pneumatic and electric lines within cabinet.

4. Terminal numbers shall match terminals numbers shown on control diagrams to assist in system checkout and servicing.

5. Enclose live terminals operating at more than 50 volts.

2.06 AUTOMATIC DAMPERS

NOTE:
INCLUDE AS APPLICABLE FOR THIS JOB.

A. For air and smoke (halon) control.

B. Factory fabricated by automatic control system manufacturer.

1. Suitable for air velocities in systems.

2. Single or multi-blade.

OPTION!  SELECT APPLICABLE OPTION FROM THE FOLLOWING LISTINGS:

C. Leakage when closed:  Guaranteed less than three percent at 3 inch wg static pressure.

OR

D. Leakage when closed:  Guaranteed less than 10 cfm per sq ft at 4 inch wg static pressure.

E. Damper free area:

1. Sized by automatic control system manufacturer for cfm, not for duct size.

a. Range:  1000 fpm to 1500 fpm.

2. Sized by automatic control system manufacturer for equal pressure from return and outside air dampers.

3. Blankoff plates equally spaced:

a. One blankoff plate between two pairs of operating damper leaves.

F. Construction:

1.  Blades:

a. Galvanized steel.

1) No. 16 USSG minimum for smoke dampers.

b. Maximum length:  48 inches.

c. Pivot rods:  steel:

1) Minimum 1/2 inch diameter.

2) Length:  6 inches.

d. Width

1)  Minimum:  4 in.

2)  Maximum:  8 in.

e. Blade action:

1) Modulating:  opposed.

2) Two-position:  parallel.

3) Mixing return air and outside air:  parallel.

f. Blade edges:

1) Crimped to interlock when closed.

2) Neoprene edging.

g. Side seals:

1) Stainless steel.

2) Spring loaded.

2. Frames:

a. Galvanized bar or channel steel:

1) Minimum 2 inches wide by 1/8 inch thick.

b. Corner bracing for dampers above 4 sq ft.

c. Full size of duct or opening in which installed.

d. Continuous perimeter solid stop for smoke dampers.

3. Trunions:  steel.

4. Bearings:

a. Bronze sleeve, nylon or ball.

b. Thrust bearings for vertically mounted dampers.

c. Maximum spacing:  48 inches.

5. Steel parts:  zinc-coated with two coats rust-inhibitive paint.

NOTE:
INCLUDE AS APPLICABLE FOR THIS JOB.  THE FOLLOWING APPLIES TO PROJECTS WHICH HAVE A MINIMUM TWO-POSITION OUTSIDE AIR DAMPER SEPARATE FROM THE MAIN MODULATING OUTSIDE AIR DAMPERS.

G. Minimum outside air dampers:

1. Size minimum outside air damper for minimum ventilation and pressurization.

2. Control by:

a. Minimum position switch.

b. Electric pneumatic relay.

c. (Specify other.)

3. Size outside air dampers for total, including minimum, of 100 percent supply air.

H. Smoke (halon) dampers:

1. As specified above for automatic dampers and as follows:

a. Approved by local authorities.

b. Maximum 1% leakage at system operating pressure.

1) Submit substantiating test data.

c. Automatic and manual opening and closing.

d. End switches for damper blades to indicate full open and full closed position.

2. Suitable for closure against:

a. Duct operating pressure of 6 inches water gauge.

b. Duct velocities of 4000 FPM.

3. Operators:

a. Pneumatic or electric.

b. As specified herein.

NOTE:
IF POSITION INDICATION IS REQUIRED, ADD:

c. Factory mounted, complete with:

1) 2-pole damper position switch.

2) Thermal overload.

3) Toggle disconnect switch.

4) Junction box.

4. Provide as follows:

NOTE:
WHERE REQUIRED FOR SMOKE OR HALON CONTROL OPERATION AS DESCRIBED IN SEQUENCE OF OPERATION.

a. On outside air, return air and supply air connections to air handling equipment.

b. In ducts and openings through smoke or halon partitions.

c. (Specify other locations.)

NOTE:
COORDINATE WITH ELECTRICAL WORK AND SECTIONS 15540 AND 15550.

5. Electrical wiring to damper operator from smoke or halon detector control panel provided under specification for:

OPTION 1 WIRE

a. Electrical Division.

OPTION 2 WIRE

b. This section.

6. Similar to Ruskin Type SD35.

I. Job delivery:

1. Deliver to job in sealed water-tight shrink packs with complete printed identification.

2.07 AUTOMATIC VALVES

A. Pressure ratings:  as noted for respective system.

B. Construction:

1. 2 in. and smaller:

a. Screwed.

b. Bodies and internal parts:  bronze, stainless steel or other approved corrosion-resistant metal, except as noted.

2. 2-1/2 inches and larger:

a. Flanged.

b. Bodies:  cast iron or cast steel.

c. Seats and parts exposed to fluid: bronze, stainless steel or other approved corrosion-resistant metal, except as noted.

C. With pressure gauges:  minimum 1-1/2 inch diameter.

D. Modulating type in Mechanical Equipment Rooms: with mechanical direct reading movement indicators.

E. Water valves:

1. For dead-end service:  single-seated.

F. Steam valves:

1. Single-seated.

2. In steam piping 20 psig or above:  stainless steel trim.

G. Sizes:

1. By automatic control system manufacturer for fully modulating operation.

a. Two-position valves:

1) Line size unless otherwise noted.

2) With properly sized internals.

2. Water valves:

OPTION!  SELECT APPLICABLE OPTION FROM THE FOLLOWING LISTINGS:

a. Minimum pressure drop:

1) Equal to half to three quarters of pressure drop of coil or exchanger.

OR

2) Equal to pressure drop of coil or exchanger.

b. Maximum pressure drop:  5 psi.

c. Relief and bypass valves:  sized according to pressure available.

3. Steam valves:

a. Where load exceeds capacity of 2-1/2 inches control valve:

1) Provide 2 valves.

2) Capacities 1/3 to 2/3 load sequenced to open smaller valve first.

b. Minimum drop of 50 percent of operating pressure at valve less pressure required in heat exchanger or coil.

H. Alternative valve types:

1. Butterfly valves may be used in certain applications.

2. Refer to Section 15100:  VALVES AND COCKS for specifications of valves.

2.08 DAMPER AND VALVE ACTUATORS

A. Type:

1. Pneumatic:

a. Diaphragm or piston type.

b. Synthetic elastomer diaphragm.

c. Spring return.

2. Electric:

a. Heavy duty.

b. Oil immersed gear-train motor.

B. Valve actuators:

1. Pneumatic or electric.

2. Capable of tight closing against system pressure.

C. Damper actuators:

1. Pneumatic or electric.

2. Separate actuator for each damper.

a. Two or more dampers may be linked to one operator if:

1) Total damper area does not exceed capacity of actuator.

2) Damper functions permit common action.

3. Size:

a. Twice damper manufacturer's torque rating.

b. Sufficient power to limit leakage to specified rate.

4. Operating linkages:

a. Factory-assembled.

b. Capable of withstanding load equal to twice maximum operating force of damper operator, without deflection.

NOTE:
INCLUDE AS APPLICABLE FOR THIS JOB.

5. Provide for:

a. Inlet vanes on fans.

b. Controllable pitch axial-flow fans.

1) Higher pressure control air as specified by manufacturer.

D. Positive positioning relays:

1. Provide for all actuators or valves operating in sequence or paralleling other actuators.

2. With adjustable start and stop points.

3. (Specify other locations.)

E. Air terminal actuators:

OPTION!  SELECT APPLICABLE OPTION FROM THE FOLLOWING LISTINGS:

OPTION 1

1. Provided by air terminal manufacturer.

a. Determine compatibility with controllers.

b. Provide required accessories.

OPTION 2

2. Provided under this section.

3. Deliver to manufacturer of terminal units for installation in factory.

NOTE:
INCLUDE AS APPLICABLE FOR THIS JOB.  STANDARD PRACTICE IN THIS OFFICE IS OPTION 1.  OPTION 2 SHOULD BE USED ONLY IF PROJECT INVOLVES HVAC ONLY.

2.09 SMOKE DETECTORS

OPTION 1

A. Supplied and connected under DIVISION 16, ELECTRICAL.

1. Under this Section install detectors on ducts where indicated on drawings.

OPTION 2

B. Duct type.

1. Self-contained.

2. UL Listed.

3. Per NFPA.

C. Ionization type detector:

1. Self-contained control unit.

2. Dual reference chamber type.

D. Twin sampling tubes extended across the duct.

E. Electric power:

1. Two-wire 120 volt, 60 hz.

2. Operable over range of 102 to 132 volts.

3. Trouble circuit activates if unit becomes inoperative due to low input voltage.

4. Power and alarm indicating lights.

5. Key operated momentary reset switch.

6. Capability to check detector's sensitivity under actual air flow conditions.

7. Provide necessary DC power.

8. Supervise detector circuit and relay coils.

9. Provide power to alarm indicators.

10. One set of normally open and one set of normally closed single-pole, double-throw alarm operated relay contacts (5A, 120V, AC).

11. One set of single-pole, double-throw trouble-operated relay contacts (5A, 120V, AC).

2.010 CONTROL ACCESSORIES

A. Remote Indicator:

1. At each dial with transmitter and receiver controller.

2. Minimum 2 in. to 3-1/2 in. diameter dial.

3. Flush-mounted on local control cabinets.

4. Chrome-plated rings.

5. Accuracy:  minimum 1 percent of scale with adjustment for field calibration.

NOTE:
INCLUDE AS APPLICABLE FOR THIS JOB.

6. (Indicate locations)

B. Gauges:

1. Air pressure:

a. Cabinet-mounted:  minimum 2 in. diameter.

b. Elsewhere; minimum 1-1/2 in. diameter.

c. Chrome-plated rings.

2. Provide as required to indicate changes in air pressure.

3. Not required at:

a. Room thermostats.

b. Room humidistat.

C. Solenoid Air Valves:

1. Field replaceable solenoid coil.

D. Pneumatic-Electric Switches:

1. Adjustable setpoint, single-pole, single-throw switch.

2. Range 0 to 20 PSIG.

a. Higher if required.

E. Water Flow Switch:

1. Single-pole, double throw, snap-acting switch.

a. Electrical rating:  120-240 volts, 60 Hz, 125 VA.

b. Bronze body standard:

1) Use other materials if required by fluid.

2) Design pressure:  125 psi standard.

a) Supply higher rated body if required.

c. Provide time delay - 5 to 20 seconds.

2. NEMA 1 enclosure standard:

a. Except provide vapor-proof enclosure for following applications:

1) Outdoors.

2) Areas of high humidity.

3) Areas of hazardous atmosphere.

3. Paddle:

a. Adjustable, to suit diameter of pipe.

b. Bronze standard.

1) Provide stainless steel or monel as required by fluid.

4. Install per manufacturer's instructions.

5. Similar to McDonnell & Miller ITT Series FS.

F. Air Flow Switch:

OPTION!  SELECT APPLICABLE OPTION FROM THE FOLLOWING LISTINGS.  TWO GENERAL TYPES ARE AVAILABLE.  REVIEW APPLICATION WITH CHIEF ENGINEER AND MANUFACTURERS AND SPECIFY ONE TYPE.

OPTION 1

1. Paddle type.

2. Single-pole, double-throw, snap-acting switch.

a. Electrical rating:  120-240 volts, 60 Hz, 125 VA.

b. Parts exposed to inside of duct:  Brass, standard.

1) Use other materials if required by air being handled.

c. Provide time delay - 5 to 20 seconds.

3. NEMA 1 enclosure standard:

a. Except provide vapor-proof enclosure for following applications:

1) Outdoors.

2) Areas of high humidity.

3) Areas of hazardous atmosphere.

4. Paddle.

a. Adjustable, to suit dimension of duct.

b. Steel standard.

1) Provide stainless steel as required by air being handled.

5. Install per manufacturer's instructions.

6. Similar to McDonnell & Miller ITT Series AF.

OPTION 2

7. Differential pressure switch.

8. Single-pole, double-throw, snap-acting switch.

a. Electrical rating:  120-480 volts, 60 Hz, 15 amps.

b. Provide time delay - 5 to 20 seconds.

9. Maximum pressure surge:  25 psi.

10. Install per manufacturer's instructions.

11. Similar to Dwyer Model 1638.

NOTE:
INCLUDE AS APPLICABLE FOR THIS JOB.  USE FOR GARAGE VENTILATION.  REVIEW APPLICATION WITH MANUFACTURER AND WRITE SPECIFICATION ACCORDINGLY.

G. Carbon Monoxide Monitor.

1. Similar to MSA Co. Alarm.

2.011 TIME CLOCKS

A. Seven-day programming clocks.

1. Power failure spring carry-over.

a. For 24 hours.

2. Multiple contacts as required to control system.

3. Minimum two signals every 24 hours.

B. Bypass Timers:

1. Manual override automatic function.

2. 12 hours minimum.

C. Multi-pole relays compatible with controlled devices to sequence operation.

D. Time delay devices to start major electrical loads in sequence.

NOTE:
INCLUDE AS APPLICABLE FOR THIS JOB.  USED ONLY ON LARGE PROJECTS.  COORDINATE WITH ARCHITECT, OWNER AND G&S.

2.012 ALARM SYSTEM

A. Alarm panel with individual indication, horn, silencing and acknowledge switch, and test switch.

1. At any alarm condition:

a. Indication light will come on.

b. Alarm will sound.

2. Depressing acknowledge button stops horn.

3. Should second alarm occur before first one corrected, alarm again sounds.

NOTE:
EDIT TO SUIT JOB REQUIREMENTS.  INCLUDE ONLY REFERENCES DIRECTLY AFFECTING WORK OF THIS SECTION.  ADD OTHERS AS REQUIRED.

B. Provide alarm points complete with all equipment necessary for remote signalling to alarm panel for the following conditions:

1. No water (glycol) flow.

2. Low air temperature.

3. Low control pressure.

4. Controls compressor failure.

5. Sump Pumps (high level).

6. Boiler Failure.

7. Low heating water (glycol) temperature.

8. High cooling water temperature.

9. Cooling tower freeze (dump).

10. Low steam pressure.

11. Condensate tank (high and low levels).

12. Low humidity.

13. High humidity.

14. Expansion tank low level.

15. No flow air systems (air heating systems).

16. Off normal temperature.

17. Equipment operation (fan) (pumps) (emergency generators) (fire Pump).

NOTE:
INCLUDE THE FOLLOWING CLAUSES AS REQUIRED FOR THIS JOB.

C. Remote panels with:

1. Indication activated by any alarm.

2. Silencing and acknowledge switch.

3. Test switch.

D. Duplicate panels to service functions of primary panel.

E. Additional set of contacts to connect alarm panel.

1. Signal outside independent alarm monitoring company.

NOTE:  INCLUDE DESCRIPTIONS IN PART 2 AS REQUIRED BY PROJECT:

2. Engineers control panel.

3. Graphic control panel with flow diagrams, indicating points, etc.

4. Building automation system.

5. Add to paragraphs 1.01, 1.05 and 2.01.

2.013 SERVICE KIT

A.  Testing equipment:  calibrated air pressure gauges.

B.  Tools:  screwdriver and wrenches.

3.00 EXECUTION

3.01 INSTALLATION

A. Piping:

1. Tubing types:

a. Exposed in building:

1) Hard-drawn copper tubing.

2) Single tube polyethylene in protective raceway.

3) Multi-tube polyethylene with weatherproof vinyl jacket.

a) Terminate bundles in panel or junction boxes.

4) Final termination of control devices may be made with short runs of single tube polyethylene.

NOTE:
INCLUDE AS APPLICABLE FOR THIS JOB.

5) Leave two spares and two communication lines in bundled plastic tubing.

b. In finished areas concealed behind finished surfaces:

1) Hard or soft copper tubing.

2) Single or multi-tube polyethylene.

c. Concrete buried:

1) Hard or soft copper tubing.

2) Polyethylene tubing enclosed in metal conduit.

d. Inside panels and unit enclosures:

1) Polyethylene type FR tubing.

e. Exposed outdoors:  Hard-drawn copper tubing.

f. In ceiling plenums:

1) Soft copper.

2) Polyethylene may be used if approved by regulating agency.

g. In mechanical equipment rooms and service rooms: exposed.

1) Use hard-drawn copper tubing.

2) Bundled plastic tubing with suitable junction boxes or single plastic tubing with tray may be used.

h. Penetrations of fire rated partitions:  Hard-drawn copper tubing.

NOTE:
INCLUDE AS APPLICABLE FOR THIS JOB.

i. All life-safety controls:  Hard-drawn copper tubing.

2. Run parallel to building construction.

3. Supports:

a. Straps, cleats or hangers.

b. Wire or tape not permitted.

c. Support copper tubing independently from building structure by means of approved support devices:

1) Section 15090 - SUPPORTS, ANCHORS AND SEALS.

d. Install air piping on trapeze hangers common with other trades.

1) Where trapeze hanger spacing exceeds specified pipe support spacing, provide additional intermediate supports.

2) Attach air piping with steel straps or clamps having electroplated copper finish.

e. Attach piping to uninsulated ductwork using duct ring clamps at duct joints.

1) Ring clips shall be copper or cadmium clad.

2) Take care to avoid damage to duct joint.

f. Piping may be run on top of uninsulated ductwork.

1) Use nylon standoff fittings to raise tubing above duct.

g. When piping is run one pipe under another use metal clamps or cleats.  

1) Plastic straps prohibited.

h. Do not install pneumatic air piping:

1) In contact with duct or pipe insulation.

2) Within insulation.

3) Attached to piping or conduit.

4. Installation, testing and adjustment:

a. By experienced mechanics.

b. Supervised by manufacturer.

5. Label ends of air piping to indicate location of opposite end.

B. Compressed Air Systems:

1. Install tank and compressors where indicated on Drawings.

2. Install and pipe-up accessories.

3. Provide valved interconnection with existing compressed air system.

4. Insulation of air piping after refrigerated air dryer to eliminate condensation.

C. Instrumentation:

1. Locations:  responsibility of control system manufacturer.

a. Unless otherwise indicated provide whether shown on drawings or not:

1) One room thermostat for each zone.

2) One room humidistat for each humidifier.

2. Temperature elements in ductwork or casings.

a. Spread out in sine-curve fashion.

b. Supported by stainless steel grid or multiple bulb holders.

c. Include low temperature safety cut-off thermostats.

3. Thermostats:

OPTION!  SELECT APPLICABLE OPTION FROM THE FOLLOWING LISTINGS:

a. Room type:  wall mounted:

NOTE!
5 FT. HEIGHT PREFERRED; USE 4 FT. ONLY IF HANDICAP CODE REQUIRES IT.  AUTHORITIES HAVE INTERPRETED THOSE CONTROL DEVICES AS NOT REQUIRING ADJUSTMENT BY OCCUPANTS, THEREFORE, THE HANDICAP CODE DOES NOT GOVERN.  THIS APPLIES TO HUMIDISTAT SPECIFIED BELOW.

1) Height above finished floor 5 feet (or 4 feet).

b. Low-temperature safety cutoff thermostat.

OPTION 1  UNIT    

c. Induction unit thermostats:

OPTION 2  UNIT    

d. Fan coil unit thermostats:

1) Locate adjustment knobs directly behind or below access doors.

2) Provide extended cable if necessary.

4. Humidity controllers:

OPTION!  SELECT APPLICABLE OPTION FROM THE FOLLOWING LISTINGS:

a. Room humidistat; wall mounted.

1) Height above finished floor 5 feet or 4 feet.

b. High-limit humidistat:  duct mounted.

5. Pressure controllers:

a. Mount on local control cabinet.

b. With associated pneumatic pressure indicators.

D. Local control cabinets:

1. Adjacent to system served.

2. Mounting:  centerline 5 ft-6 in. above finished floor except;

a. Bottom:  minimum 30 in. above floor.

b. Top:  maximum 7 ft-0 in. above floor.

NOTE:
COORDINATE WITH ELECT. DEPT

E. Wiring:

1. Provide following:

a. Complete electric wiring installed and connected to all electronic or electric control sensing devices and to control system devices.

b. Wiring in control cabinets:  connected to terminal strips.

NOTE:
COORDINATE WITH ELECTRICAL DEPARTMENT.

2. Wiring for following under DIVISION 16:  ELECTRICAL, except as indicated otherwise:

a. Electric line voltage type thermostats.

b. Power supply to control cabinets.

c. Bypass timers in power circuits.

d. Toilet exhaust fans interlocked with light switch.

NOTE:
OMIT IF ALARM WIRING IS SPECIFIED AS PART OF CENTRAL CONTROL SYSTEM WITH WIRING BY AUTOMATIC CONTROL SYSTEM MANUFACTURER.

e. Smoke detector wiring to fire alarm panel.

f. Alarms.

g. (Others)

3. Wires labeled at ends to show location of opposite ends.

4. Points of terminal strips permanently labeled to show instrument or item served.

5. Wiring in accordance with applicable Codes.

NOTE:
INCLUDE AS APPLICABLE FOR THIS JOB.  USE ONLY FOR REMODELING OR EXTENDING BUILDINGS.  THE FOLLOWING IS A SAMPLE ONLY; EDIT AS REQUIRED.

F. Modifications to existing system:

1. Install main air connection between new and existing pneumatic systems.

2. Control (or monitor) panel:

a. Existing monitor panel in existing mechanical equipment room to remain as is.

1) Except as indicated on drawings.

b. Add new section to monitor controller panel with gauges, lights and labels as indicated on drawings.

c. New section shall be rear-access (or front access) type with components as specified herein for local control panels.

d. Panel shall be constructed identical to existing.

1) Face material, dials, lights and labels shall match existing.

e. Design extension to be compatible with existing.

f. Submit dimensioned shop drawings for approval. 

1) Include information on trim at interface with existing.

3. Relocate existing control devices as indicated (or as directed by Architect).

4. Replace existing control devices with new devices as herein specified.

3.02 AIR AND WATER BALANCE COORDINATION

A. Cooperate with air and water balancer in making adjustments to following items as required to accomplish indicated performance:

1. Terminal air boxes.

2. Air valves.

3. Fan inlet vanes.

4. Adjustable pitch fan blades.

NOTE:
INCLUDE AS APPLICABLE FOR THIS JOB.

5. (Specify others)

3.03 TESTS

A. Adjustment of control systems and final test:

1. Adjust and place in service by qualified representatives of manufacturer.

a. Coordinate with balancing work as specified in Section 15990:  BALANCING AIR AND WATER SYSTEMS.

2. Test control systems to demonstrate satisfactory operation.

a. Submit documentation of tests.

3. Test air piping system under following pressure for period of 24 hours:

a. Piping after secondary prv's:  30 psi.

b. Other piping:  150 psi.

c. Air pressure drop shall not exceed 10 psi.

NOTE:
NUMBER OF DAYS FOR INSTRUCTION MAY VARY FROM 1/2 DAY ON A SMALL PROJECT TO 10 DAYS ON A LARGER OR COMPLICATED PROJECT.  CONSULT WITH SUPERVISOR FOR PROJECT.

3.04 OPERATING INSTRUCTIONS

A. Printed and personnel instructions:

1. Printed instructions for operation and maintenance of each major item and component of automatic control systems:

a. Equipment identified to enable adjustment and service.

b. Show terminal identification and equipment designation.

NOTE:
INCLUDE AS APPLICABLE FOR THIS JOB.

2. Actual operating instructions for period of not less than ----- 7-hour days:

a. Not necessarily consecutive and over period of 1 year.

b. Instruction by competent representative to instruct Owner's personnel in operation and care of automatic control systems.

c. Provide for complete service of controls system, including call-backs, for one year running concurrently with warranty period.

3.05 SEQUENCE OF OPERATION

NOTE:
WRITE DETAILED DESCRIPTION TO SATISFY PROJECT REQUIREMENTS.  REFER TO CSI SECTION 15900 AND CURRENT PROJECT SPECIFICATIONS FOR SAMPLES.  CHECK WITH HVAC CHIEF ENGINEER.  SEQUENCE SHOULD INCLUDE AT LEAST:

A. Starting and stopping of all fans and air handling units.

B. Temperature and humidity control.

C. Economizing control.

D. Run-around heat recovery control.

E. Smoke control.

F. Fire alarm interface.

G. Fire department fan control.

H. Primary plant controls for chillers, cooling towers, boilers and pumps.

I. Controls for related systems, such as steam boiler feed water, fuel oil pumps, anti-freeze pumps, etc.

J. Building automation systems.

K. Life safety system.

L. Others as required.

END OF SECTION

NOTE:
REVIEW THE WORK INCLUDED ARTICLE 1.01.  FOR EACH ITEM LISTED THERE MUST BE A CORRESPONDING ARTICLE IN PART 2 AND/OR PART 3.
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