2.6
HVAC CONTROLS AND INSTRUMENTATION
2.6.1
General
2.6.1.1
Requirements
2.6.1.1.1
A complete system of pneumatic and electric automatic controls shall be furnished and installed, ready for operation, as detailed on the drawings, as specified herein, and as required to maintain the conditions and operation specified.

2.6.1.1.2
System components shall be manufactured by Moore Products, Honeywell, Inc.; Taylor; Foxboro; Johnson Controls; and shall be erected, assembled, and set to design conditions by trained mechanics.  Control set points, component operation, and total systems operation shall be thoroughly demonstrated in the presence of the Lockheed Martin Construction Engineer to assure a complete and operable system.  The Contractor shall be responsible for setting all set points and fully testing the systems.  (See section 2.5, Starting, Testing, and Balancing, and Division VII, Functional Checkout, for further information on fully tested systems.)

2.6.1.2
Control Components

2.6.1.2.1
System shall include but not be limited to the following:



Control valves



Automatic dampers



Thermostats



Humidistats



Smoke detectors



Solenoid valves



Temperature gauges



Pressure gauges



Differential pressure indicators



Differential pressure switches



Differential pressure transmitters



Air flow measuring stations



Instrument air filters (See air supply.)



Pneumatic actuators



Pressure regulators



Pressure electric switches



Relays



Temperature transmitters



Moisture transmitters



Control panels



Receiver recorders



Receiver controllers



Restrictors

2.6.1.2.2
All scales shall read directly in units measured.  System shall also include pneumatic copper tubing, fittings, supports, etc. as required for a complete and properly operating installation.

2.6.1.3
Submittals

Before ordering controls or authorizing any control installation, the Contractor shall submit for approval manufacturer's data, shop drawings, catalog cuts, detailed control diagrams showing all controls, wiring, piping, etc., and a detailed description of the controls and their functions (sequence of operation description).  Controls submittals shall be in accordance with the procedures in section 6.2 (Submittals).  Shop drawings shall include set point, throttling or differential settings, controller action, temperature range of transmitters and controllers, and valve types, materials, type of plug, and flow coefficients.  In the event of a conflict between indicated or specified control sequence and other provisions of the specifications, the provision in the control sequence shall take precedence and govern.  Shop drawings shall use the same temperature control identification as shown on the drawings and shall indicate all connections to fluid and to electrical power systems.  Manufacturer and model shown for various instruments are for reference only.  The Contractor shall furnish correct instrument to meet the intent of the sequence of operation.  Actual selection shall meet ranges and set points shown on the drawings and in this specification.

2.6.1.4
Cycling and Reproducibility


Instruments shall have capability of internal adjustments to eliminate cycling of controls and have accuracy of reproducibility, even though the model number specified may not indicate such required features.

2.6.1.5
Ancillaries


The Contractor shall furnish, install, and adjust all ancillaries such as booster relays, reversing relays, selector relays, restrictors, extractors, filters, regulators, transducers, etc. to meet the intent of the sequence of operation.

2.6.1.6
Signal Gauges for Instrumentation


All transmitters shall have supply and output gauges.  All controllers shall have gauges for input, set points, and control signals.  All pneumatic relays shall have input and output signal gauges.  All valve and damper actuators shall have supply, input, and output gauges.

2.6.1.7
Calibration


The Contractor shall be responsible for the calibration of the control systems described on control schematics and shall also be responsible for field calibrating instruments supplied on control panels and package systems.  Calibration shall include existing control devices to be reused as part of the new controls system in this contract.

2.6.1.8
Qualifications of Installers

2.6.1.8.1
For the actual fabrication, installation, and testing of work under this section, use only thoroughly trained and experienced workmen completely familiar with the items required and the manufacturer's current recommended methods of installation.

2.6.1.8.2
In acceptance or rejection of installed work, Lockheed Martin Corporation will risk no allowance for lack of skill on the part of workmen.

2.6.1.8.3
If the Contractor furnishes instrumentation from more than one manufacturer, he shall supply the services of the appropriate factory service engineer to insure correct installation and adjustments, if required, at no additional cost to Lockheed Martin.

2.6.1.9
Instrumentation Installation


Installation of all instrumentation as to location, position, hookup, etc. shall be in accordance with the manufacturer's recommendations for proper operation.

2.6.1.10
Air Supply


Air for the control air source will be supplied from existing 20 psi instrument air lines as indicated on the P& ID drawings.

2.6.1.11
Instrument Air Piping

2.6.1.11.1
Control air piping throughout shall be as specified under class #6 of section 3.1.15, Pipe Class Specification.  Tubing shall be concealed wherever possible, properly supported, and installed in a neat, workmanlike manner throughout.

2.6.1.11.2
Tubing shall be mechanically attached to supporting surfaces.  Supporting adhesives are not acceptable.  All tubing penetrations of concrete surfaces shall be made through a minimum one inch IPS Schedule 40 galvanized steel sleeves.  The sleeve shall extend six inches above floor and one inch below bottom surface of slabs.  Where a water or vapor barrier sealing is required, 1/2 inch deep elastomer caulk shall be applied to surfaces cleaned free from oil and other deleterious substances.  Tubing penetration through the roof shall be thru pitch pocket as detailed in the drawings.  All tubing shall be purged with nitrogen to rid the system of impurities generated during joint making and before installation to control instruments.

2.6.1.11.3
Suitable drip legs and drains shall be installed at all necessary points in order to prevent condensation pockets.

2.6.2
Locally Mounted Instruments
2.6.2.1
Location


Locally mounted instruments shall be located such that indicating instruments are readable from normal standing positions.  Gauges and thermometers which would be otherwise obstructed shall have the required length of capillary to permit placing the indicator in a viewable location or on a local panel, as indicated on drawings.

2.6.2.2
Lagging Extensions


Instruments sensing temperature or other conditions at insulated points shall have lagging extensions to permit removal of the sensor without breaking or removing insulation.

2.6.2.3
Control Valve Tagging


All control valves shall be identified with a metal or plastic tag.  The tag shall have the control valve number from the P&I diagram drawings.  The tag shall be wired to the instrument with a stainless steel wire.  The tag shall have a drilled hole for attaching the tag wire.

2.6.2.4
Nameplates

2.6.2.4.1
Instruments on local panels shall be identified by instrument number and function.  Nameplates shall be laminated plastic as further described in control panel section of these specifications.

2.6.2.4.2
Where possible, nameplates shall be cemented to the front of the instrument, but in no way shall it obstruct the readability or scale of the instrument.  Where this is not possible, the nameplates shall be wired to the instrument with stainless steel wire through a drilled hole in the nameplate.

2.6.3 
Ductwork Control Devices and Instrumentation
2.6.3.1
Automatic Dampers
2.6.3.1.1
Furnish and install at locations shown on mechanical drawings, a low leakage damper, with published leakage data certified under the AMCA Certified Ratings Program showing leakage through a 48" x 48" damper at four inch w.g. pressure difference to be less than 6.2 cfm per square foot.  The same published leakage data shall also include leakage information for all available damper sizes at pressure differences from one inch w.g. through 13 inch w.g. 

2.6.3.1.2
Low leakage dampers shall meet the following minimum construction standards.  Frames shall be 5" X 1" X .125" (minimum thickness) 6063T5 extruded aluminum hat channel with hat mounting flanges on both sides of the frame.  Each corner shall be reinforced with two die formed internal braces and machine staked for maximum rigidly.  Blades shall be airfoil type extruded aluminum (maximum six inch depth) with integral structural reinforcing tube running full length of each blade. 

2.6.3.1.3
Blade edge seals shall be extruded vinyl double edge design with inflatable pocket which enables air pressure from either direction to assist in blade to blade seal-off.  Blade seal shall be locked in extruded blade slots without use of cement, yet shall be easily replaceable in field.  Bearings shall be non-corrosive two piece molded synthetic.  Axles shall be square or hexagonal (Round is not acceptable.) to provide positive locking connection to blades and linkage.  Linkage shall be concealed in frame.  Damper manufacturer's literature (submitted for approval prior to installation) shall include performance data developed from testing in accordance with AMCA Standard 500 in an AMCA approved laboratory showing pressure drop for all sizes of dampers required at all anticipated air flow rates.  Dampers shall be in all respects to Model CD-50 by Ruskin Manufacturing Company.

2.6.3.1.4
Isolation Dampers

2.6.3.1.4.1
Isolation dampers shall be of the butterfly type consisting of a circular blade mounted to a shaft within formed or machined flanged frame.  Inside of frame shall be clean and smooth with no blade stop or similar projections.

2.6.3.1.4.2
Frames shall include through bolt holes for erection between flanged sections of connecting ductwork.  The damper shall include a firm, closed-cell neoprene seal retained by a full diameter seal ring bolted to the blade circumference.  The seal shall be field adjustable and replaceable.  Leakage through the damper in the closed position shall not exceed .029 SCFM per inch of blade circumference at a pressure differential of ten inches w.g.

2.6.3.1.4.3
The damper shall include adjustable double gland shaft seals just external of the frame.  The shaft seal shall prevent air leakage from the inside of the damper frame to the outside atmosphere.

2.6.3.1.4.4
The damper shaft shall be continuous solid, cold rolled steel extending through the entire diameter of the damper and outside one damper bearing a minimum of six inches.  The shaft shall be supported by sealed relubricatable ball bearings enclosed in cast iron housings mounted external to the damper frame.  Minimum dimensions and material thickness shall be at least equivalent to Ruskin Manufacturing Company's model CDRI-92 standard construction.

2.6.3.1.4.5
The damper frame and blade shall be fabricated from 6063T5 aluminum.  All parts shall be thoroughly cleaned to remove mill scale and rust.  All parts not otherwise protected shall be given one prime coat and one finish coat of epoxy paint.

2.6.3.1.4.6
Dampers shall be installed in duct with sheet metal screws (maximum spacing two inches O.C.) and shall be mounted square and free from racking.

2.6.3.2
Pneumatic Operators (for Dampers)
2.6.3.2.1
Automatic Control Damper Operators for Volume Control Dampers


Automatic control damper operators for volume control dampers shall be the pneumatic piston type with a replaceable rolling diaphragm, non-corrosive parts, and an adjustable mounting bracket.  Operator model, size, and quantities shall be selected by the manufacturer to provide the torque required for smooth damper operation and proper close-off.  Operators shall be Honeywell Type MP Series 909E, Johnson Controls Models D-3153 or D-3240.  The Contractor is responsible for choosing damper operators which develop sufficient torque to operate properly.  Care should be exercised when making this selection.  As a minimum, operators for opposed blade dampers shall create a minimum operator torque of five in-lb/ft2, and operators for parallel blade dampers shall create a minimum operator torque of seven in-lb/ft2.  Where indicated on P&I diagrams, operators shall be provided with pilot positioners  For Honeywell, pilot positioners shall match MP 909E Operator; for Johnson Controls, pilot positioners shall be Model D-9502.

2.6.3.2.2
Isolation Damper Operators


Isolation damper operators shall be Matryx pneumatic vane actuators (double acting) for use with 65 to 100 PSI air.  Operators shall be provided with pilot positioners.  Positioners shall be Bailey Model AP 2.

2.6.3.3
Pressure Differential Indicators (for Air Filter Housings)

An air filter gauge for measuring the resistance to air flow through the filters shall be installed, one for each bank of filters.  The gauge shall be diaphragm actuated, shall have 3 7/8 inch diameter white dial with black figures and graduations, shall have pointer zero adjustment, and shall be furnished complete with two static pressure tips and fittings for 1/4 inch metal tubing.  Mounting shall be with standard mounting bracket.  When mounting static pressure tips, leave 12 inches between static pressure tips and filter element.  Gauges shall be Dwyer Model 2001-AF magnehelic differential pressure gauges with the optional adjustable signal flags.  Range shall be zero to one inch water gauge, with 0.02 inch divisions.

2.6.3.4
Pressure Switches (for Air Filter Housings)


Differential pressure switches associated with air filter monitoring and alarm systems shall be diaphragm operated with 3 1/2 inch diaphragm to actuate a single-pole, double-throw switch.  Motion of the diaphragm shall be restrained by a calibrated spring that can be adjusted to set the exact pressure differential at which the electrical switch will be actuated.  Motion of the diaphragm shall be transmitted to the switch button by means of a direct mechanical linkage.  Switches shall be Dwyer Instruments Inc. Catalog Number 1910-1.  The range shall be 0.4 to 1.6 inch WG.  Connect switches to same static pressure tips used on differential pressure indicators with "T-Kit" option, Dwyer No. A-603. See P& ID drawings for configuration.

2.6.3.5
Ductwork Temperature Gauges


Temperature indicators for HVAC air systems shall be provided where shown.  Air temperature indicator shall be averaging bulb, temperature permitting.  Dial thermometers shall be five inch steel-cased dial face.  All temperature indicators shall have optional duct mounting flanges equal to Ashcroft 35C.  Temperature gauges shall be Ashcroft Series 50 EI60L.  The range for all duct gauges shall be 30 to 130°F and the stem length shall be six inches (Code 060).

2.6.3.6
Duct Smoke Detectors


Air conditioning duct ionization detectors shall be provided where indicated on the drawings, with sampling tubes of the proper length to match duct size.  See instrumentation drawings for manufacturer, model, and installation details.

2.6.3.7
Air Flow Measuring Devices
2.6.3.7.1
Flow Sensors Associated with Air Filter Systems


Flow sensors associated with air filter systems shall be the pitot tube type designed to sense total air stream velocity by means of duct insertion probe and static pressure tip.  The unit shall be mounted on the duct with insertion probe penetration sealed airtight with packing gland mounting on the duct.  The unit shall be Dwyer 160 P.

2.6.3.7.2
Flow Sensors Associated with Flow Switches


Flow sensors associated with flow sensors in the supply air duct system shall be the self-averaging, interpolating tube type designed to sense average air stream velocity by means of a duct insertion interpolating tube.  Units shall be mounted in the duct with insertion tube penetration sealed airtight.  Units shall be Dieterich "Airbar" Model AIR-79 with optional compression fittings for 1/4 inch O.D. tubing connection and incline manometers for mounting on the duct near the flow sensor.

2.6.3.7.3
Flow Sensors Associated with Air Flow in the Fume Exhaust


Flow sensors associated with air flow in the fume exhaust duct system shall be the total pressure sensing type for duct mounting with total and static pressure sensors, tube manifolds, aluminum air straightener, casing, and companion volume meter.  Flow sensors shall be Air Sentinel FMS-D type as manufactured by Cambridge Filter Corporation.

2.6.3.7.4
Performance

2.6.3.7.4.1
Each air flow measuring sensor shall measure air flow by the pitot tube traverse method.  Each unit shall consist of a network of static and total pressure sensors factory positioned and connected in parallel to produce an equalized velocity pressure.  The measured velocity pressure converted to air flow (cfm) shall have an accuracy within two percent of the full scale throughout the velocity range from 700 to 4000 fpm.

2.6.3.7.4.2
Each air flow measuring sensor shall be installed to meet at least the manufacturer's minimum installation conditions and shall not amplify the sound level within the duct.  The maximum resistance to air flow shall not exceed 0.3 times the velocity head for the duct stations and 0.6 times the velocity head for the fan stations.  The unit shall be suitable for continuous operation up to a temperature of 250°F.

2.6.3.7.5
Construction
2.6.3.7.5.1
Each air flow measuring sensor shall consist of 16 gauge sheet metal casing, an aluminum air velocity treatment and air straightening section with an open face area of not less than 97 percent, and a copper total and static pressure sensing manifold.  Each station shall contain non-combustible sensors which shall be incapable of producing toxic gases or fumes in the event of elevated duct temperatures.  All interconnecting tubing shall be internal to the unit with the exception of one total pressure and one static pressure meter connection.

2.6.3.7.5.2
A network of total and static pressure sensors shall be positioned on the equal area traverse principle, with a maximum of 16 square inches per total pressure sensor and 48 square inches per static pressure sensor on units four square feet or smaller, and with a maximum of 36 square inches per total pressure sensor and 144 square inches per static pressure sensor on units in excess of four square feet.

2.6.3.7.5.3
Interconnecting sensor manifolds shall average and relate each type of sensor measurement into one total pressure and one static pressure metering port.  The manifold mounting hardware shall not penetrate the manifold tubes and shall be so constructed as to eliminate any possible violation of the integrity of the total or static pressure measurements.  The meter tubing for the averaged total and static pressure shall not be exposed to internal duct conditions.

2.6.3.7.6
Metering


Companion meter (magnehelic) calibrated in cfm shall be supplied for each air flow measuring station.

2.6.3.7.7
Identification


Each air flow measuring station shall have a permanent nameplate attached to the exterior of the casing and the meter with the following information clearly visible from the installed positions:



Unit tag number



Unit size



Companion meter designation



Design air volume (cfm)



Design air velocity (fpm)



Direction of air flow

2.6.4
Hydronics Controls and Instrumentation
2.6.4.1
Chilled Water Control Valves


Valves 2 1/2 inches and larger shall be carbon steel body with 150# R.F. flanged connections.  Valves two inches and smaller shall be screwed.  All valves shall be selected to provide equal percentage flow characteristics throughout the entire operating range.  Valves shall be complete with air-to-spring piston actuators.  Actuators shall be selected to provide smooth operation and required close-off.  All modulating valves shall be provided with pilot positioners as specified herein.  Control valves shall be two way, eccentric cammed disk type, and shall be Masoneilan Camflex II control valves.   Valve actuators shall be provided by the valve manufacturer.  Valve actuators shall be provided with pilot positioners where indicated on the P&ID drawings.

2.6.4.2
Hydronics Pressure Gauges


The gauges shall be direct reading with a 2 1/2 inch dial with solid front phenol case and 1/4 inch NPT stem mounting.  Gauge connection shall be a lower mount connection.  Accuracy shall be 1/2 percent of the full scale reading.  The pressure element shall be 316 SS.  The Bourdon tube shall be phosphor bronze.  The gauge shall be an Ashcroft Type 1009.  All pressure gauges shall be installed with 1/4 inch tee handle lock on the process side.  Gauges shall be Ashcroft pressure gauges type 25-1009A-02L-100 PSIG.  The range shall be zero to 100 PSIG.

2.6.4.3
Hydronics Temperature Gauges


Temperature gauges for hydronic piping shall be Ashcroft Type 50EI60E industrial bimetal thermometers with adjustable angle dial, 3/4 inch N.P.T. separable wells, five inch dial, S.S. cases and stems, anti-parallax sealed glass windows, white dials, black numerals, and external adjustment.  The well shall be 304 SS., 1-1/2 inch lag, 3/4 inch NPT Ashcroft.  Use conductive paste in well after installation to speed response time.  Range for all gauges shall be -20 to 120°F, and the stem length shall be four inches (Code 040).

2.6.5
Steam Service Controls and Instrumentation
2.6.5.1
Steam Control Valves


Valves 2 1/2 inches and larger shall be carbon steel body with 150# R.F. flanged connections; valves two inches and smaller shall be screwed.  The valve plug shall have linear characteristics throughout the entire operating range.  Valves shall be complete with a spring diaphragm type actuator.  Actuators shall be selected to provide smooth operation and required close-off.  Control valves shall be Honeywell single seated valves, Type V5011C.  Valve actuators shall be provided by the valve manufacturer and shall be Honeywell Type MP953.  Valve actuators shall be provided with pilot positioners where indicated on the P&ID drawings.

2.6.5.2
(Commercial) Steam Pressure Gauges


The gauges shall be direct reading with a 2 1/2 inch dial with solid front phenol case and 1/4 inch NPT stem mounting.  Accuracy shall be 1/2 percent of the full scale reading.  Pressure element and Bourdon tube shall be 316 SS.  Gauges for steam service shall be installed with a 1/4 inch pig-tailed siphon.  Gauges for steam service shall be furnished with a capillary bleeder system.  The external bleed port shall be protected and sealed by a cap nut.  All pressure gauges shall be installed with a 1/4 inch tee handle lock on the process side.  The gauge shall be an Ashcroft Type 1009.  The gauge shall be an Ashcroft pressure gauge type 25-1009A-02L-100 PSIG.  The range shall be zero to 100 PSIG.

2.6.5.3 
(Industrial) Pressure Gauges


The gauges shall be direct reading with a 4 1/2 inch dial with solid front phenol case and 1/4 inch NPT stem mounting.  Accuracy shall be 1/2 percent of the full scale reading.  The Bourdon tube shall be phosphor bronze.  The gauge shall be Weksler AA-1 "Royal Line" with back safety blowout protection.  Gauges for steam service shall be installed with a 1/4 inch pig-tailed siphon.  Gauges for steam service shall be furnished with a capillary bleeder system.  The external bleed port shall be protected and sealed by a cap nut.  All pressure gauges shall be installed with 1/4 inch tee handle lock (Weksler type A10E, 450 PSI hydraulic) on the process side.

2.6.6
Sensors, Controllers, Relays, and Miscellaneous Controlling Devices
2.6.6.1
Differential Pressure Transmitters


Differential pressure transmitters shall be of the draft pressure type with output signal directly proportional to the variations of the measured variable.  Linearity shall be within + one percent of the operating range, which shall be as shown on the drawing.  Transmitters located outdoors shall be protected from the weather by a suitable enclosure of location in the local control panel with extending sensing lines.  The transmitter shall be direct acting, proportioning type designed to sense differential pressure and to transmit a three to 15 PSIG signal to a pneumatic receiver-controller.  Transmitters shall be Moore Series GC-17.

2.6.6.2
Pressure Differential Indicators
2.6.6.3
Humidistats


Pneumatic room humidistats shall be installed where indicated on the drawings.  Humidistats shall be two pipe proportioning humidistats for controlling valve actuators in the A/C system (for dehumidification override of the thermostats).  Humidistats shall be capable of a three to 15 PSIG transmitted signal.  Humidistats shall be adjustable with a calibrated dial range from  15 to 75 percent RH and have tamper-proof screws.  The humidistat shall also have plug in air connections, a nylon element, and an internal air filter.  Humidistats shall come with optional duct mounted housing and duct sampling tube.  Humidistats shall be Honeywell Series HP970, with a Model 14002362-001 duct sampling chamber.

2.6.6.4
(Industrial) Moisture Transmitter


Moisture (humidity) indicating transmitters shall be Foxboro Model 45P.  The output signal shall be directly proportional to the variations in the measured variable.  The linearity shall be within + five percent for a 70 percent relative span.  The element shall be capable of withstanding 98 percent relative humidity without loss of calibration.  Duct transmitter shall be insertion type mounted on the outside of the duct in a glass fiber reinforced case which meets IP53 (IEC529) and provides environmental protection of Type 3.  The sensing element shall be mounted within the duct.  Duct penetration shall be sealed airtight.  The duct transmitter shall be direct acting, proportioning type designed to sense duct humidity and transmit a three to 15 PSIG signal to a pneumatic receiver-controller.  The transmitter shall be complete with gasketed sheet steel duct mounting bracket.  The transmitter shall be Foxboro Model 45P.

2.6.6.5
(Commercial) Moisture Transmitter


Moisture (humidity) transmitters for use in humidifier high limit control systems shall be Johnson Controls Model H-5210.  The transmitter shall be pneumatic, used to sense duct humidity and transmits three to 15 PSI signal to pneumatic controller.  Pneumatic feedback shall be incorporated into the transmitter design to insure an accurate and proportional relationship between the measured humidity and the transmitted signal.  The transmitter shall be furnished with an integral sheet steel bracket for direct duct mounting.  Duct penetration shall be sealed airtight.

2.6.6.6
Pneumatic Thermostats

2.6.6.6.1
Pneumatic room thermostats shall be installed where indicated on the drawings.  Thermostats shall be the two pipe proportional type, with relays, and employing force balance operation to transmit a three to 15 PSIG signal.  Thermostats shall be adjustable from the space, and shall have tamper-proof screws, accurate bimetal thermometers, and calibrated dial range from 60 to 80°F.

2.6.6.6.2
Thermostats shall have plug in gauge ports, adjustable setting stops, and metal or high impact plastic covers.  Thermostats with mercury filled bulbs are not acceptable.  Thermostats shall be Honeywell Series TP970, Johnson Controls Model 4002.

2.6.6.7
Temperature Transmitters


Temperature transmitters shall be installed where indicated on the drawings.  The temperature transmitter shall be the pneumatic proportional type employing force balance operation to transmit a three to 15 PSIG signal.  Spans shall be as indicated on the drawings, shall be factory set, and shall not be adjustable in the field.  All insertion type temperature transmitters shall have gas filled elements for linear gauge reading.  Sensing elements shall be of the averaging type with a minimum length of eight feet.  Transmitters shall be Moore Products Series GC 33.

2.6.6.8
Pneumatic Relays
2.6.6.8.1
(Commercial) Pneumatic Low and/or High Select Relay (Load Analyzing Relay)


Pneumatic relays shall be pressure selector designed to select and transmit the lowest and/or highest of the branch pressures inputs to a controlled device.  The relay shall be capable of handling up to seven signal inputs plus two outputs, one high and one low.  The relay shall be Honeywell Series RP913A, Model RP913A100B.

2.6.6.8.2
(Industrial)Pneumatic Low Select Relay


Pneumatic relays shall be pressure selector designed to select and transmit the lowest of the inlet pressures to a controlled device.  The relay shall be Moore Products Series 612 or 616.

2.6.6.8.3
(Industrial) Pneumatic High Select Relays

The relay shall select the higher of two pneumatic signals and admit the selected signal to the next element in the system.  This relay shall allow the higher input to be admitted directly to the output connection.  The relay shall be Moore Products Series 58S.

2.6.6.8.4
(Commercial) Pneumatic Reverse Acting Relays

The relay shall reverse the action of the input signal.  This action shall be obtained by means of a reverse action pilot valve contained within this relays.  The relay shall be Honeywell Series 972A.

2.6.6.8.5
(Industrial) Pneumatic Reverse Acting Relays


The relay shall reverse the action of the input signal.  This action shall be obtained by means of a reverse action pilot valve contained within this relays.  The relay shall be Moore Products Series 69-1.

2.6.6.8.6
(Commercial) Pneumatic Ratio Relays (Booster Relay)

Ratio relays shall be installed where indicated on the drawings for proper system operation.  Ratio relays shall be Honeywell Series RP 971A.

2.6.6.8.7
(Industrial) Booster Relays


Booster relays shall be installed where required for proper system operation.  Booster relays shall be Moore Series GC-61.

2.6.6.9
Solenoid Valves


Solenoid valves shall be installed where shown on the P&ID drawings.  All solenoid valves shall be two-way or three-way solenoid actuated air valves as indicated on the drawings.  Three-way shall be a two-position action, with one common port, one normally open port, and one normally closed port.  Valves shall be suitable for zero to 20 PSIG operating pressure and 120 V AC electrical system.  Coils shall be rated for continuous duty.  A mounting bracket shall be provided.  Valves shall be ASCO Catalog Series 8320 or 8262 as required.

2.6.6.10
RTD


Resistance temperature detector or RTD shall be complete with wires terminated in terminal blocks inside a metal housing.  The housing shall be capable of accepting 1/2 inch conduit and a 1/2 inch NPT sensor.  The sensor shall be made of platinum with 100 ohm at 0°C 0.00385 ohm/ohm/°C with standard material for thermowell, and 12 inches of insertion length.  The RTD shall be Thermo electric catalog No. 4C 1/2 1/26" - RTD14S - 12P2"12".

2.6.6.11
Receiver Controllers


Receiver-controller shall be Moore Products Model 55M for manual set and Model 50M for remote set, with 7115-10 manifold and 10600 process and set point and output pressure gauges.  Each receiver-controller for temperature, pressure, flow, and moisture shall have a calibrated set point adjustment, minimum calibrated scale no greater than 2°F divisions for room temperature control application, 0.0001 inch w.g. for enclosure pressure application, and one percent relative humidity for moisture application.  Set point indication and an adjustable proportional band and reset covering the complete range necessary for the specific application shall be provided.  The range shall match that of the transmitter.  Each device shall incorporate local manual or remote set point calibrated adjustments as required.

2.6.6.12
Receiver-indicators


Receiver-indicators shall be Moore Products Series 3189.  They shall provide visual readout for temperature, differential pressure, air flow, and humidity, utilizing the transmitted three to 15 PSIG signal from the sensor device to the receiver-controller device.  The readout and accuracy of the receiver-indicator shall be such as to provide the indicated value within +0.5 percent of the span of the measured variable as transmitted by the sensor.  Factor calibration shall be marked on back of instrument.  The range shall match that of the temperature, flow, pressure, or humidity sensor.  Receiver-indicators shall be 3 1/2 inch diameter with mounting bracket, suitable for flush panel mounting.

2.6.6.13
Receiver Recorders


Temperature and humidity recorders shall be one pen, panel mounted type to Moore Series GC-539.    Chart drive shall be electric, 120 V AC dual speed (7/8 inch per minute and 7/8 inch per hour) with three position "CENTER OFF" selector switch on chassis.  Recorder inputs shall be three to 15 PSIG from pneumatic transmitters.  Air connections shall be through the back of the case.

2.6.6.14
Pressure Electric Switches
2.6.6.14.1
Control Panel Alarm


Pressure electric switches for control panel alarm shall be Barksdale Model D25-H18 or DIS-HIB as indicated on the P&ID drawings.  Pressure switches with a three to 20 PSIG range shall have fully adjustable actuation points across their range.  Switches shall be SPDT, snap acting, 15 A, 120 V AC.

2.6.6.14.2
Low Flow Air Shut-off


Pressure switches associated with low air flow shutoff of humidifier systems shall be diaphragm operated to actuate a single-pole, double-throw switch.  Motion of the diaphragm shall be restrained by a calibrated spring that can be adjusted to set the exact pressure differential at which the electrical switch will be actuated.  Motion of the diaphragm shall be transmitted to the switch by means of a direct mechanical linkage.  Set point adjustment shall be screw type.  The pressure chamber shall be sealed to prevent contact of sensed medium with electrical components.  Switches shall have a range selected so that normal setting is at near midpoint of range and shall be Dwyer Series 1620.

2.6.6.14.3
Exhaust Air Flow Monitoring and Alarm Systems


Differential pressure switches associated with exhaust air flow monitoring and alarm systems shall incorporate gauges and switch set point indicator(s) for continuous indication of applied pressure and switch setting(s).  Units shall be diaphragm operated with switching accomplished by photocell controlled relays.  Set point adjustment shall be controlled by knobs.  Switch/Gauges shall be Dwyer Instruments, Inc. Photohelic Catalog Series 3000.  Switches shall have a range selected so that the normal setting is near the midpoint of the range.

2.6.6.15
Restrictors
2.6.6.15.1
Variable Restrictors


Variable restrictors shall be installed where shown on the P&ID drawings.  Valves shall be Pneu-Trol.  Flow control needle valve shall be Model N25B.  Valves shall be 3/8 inch brass with tamper proof adjustment key.  Valve CV shall be 0.78.  Valves shall be installed and adjusted so that damper action rate is four to eight seconds full closed to full open.

2.6.6.15.2
Adjustable Restrictors


In-line, adjustable restrictors shall be installed where needed for proper control system operation.  Restrictors shall be pin valve type, cast brass, with test gauge plugs on high and low side.  Restrictors shall be Johnson Controls Series R-3710-2000.

2.6.6.16
Pressure Regulators


Instrument air pressure regulators shall be Moore Series 40 or 41 suitable for the service indicated.  Regulators shall be provided with a pressure gauge for direct reading of regulated pressure, a slotted adjusting screw, a bracket for surface mounting, and a lock nut to prevent inadvertent change of regulator setting.

2.6.7
Control Panels 
2.6.7.1
Existing Control Panel Modifications

2.6.7.1.1
The control contractor shall be responsible for the installation of controls and instrumentation shown on the mechanical drawings and specified herein in existing control panels.

2.6.7.1.2
The piping and wiring to be installed in panels shall be in accordance with this specification, the National Electrical Code, OSHA, and the applicable control panel drawing.  The control panel drawing will specify the arrangement of instruments to be mounted on the front of the panel.

2.6.7.1.3
The instruments (computing relays, switches, solenoids, etc.) designated for rear of panel mounting shall be arranged and supported within the panel in a manner to allow for ease of maintenance and adjustment and shall be clearly labeled inside the enclosure.

2.6.7.1.4
The Contractor shall be responsible for making cutouts to conform with the manufacturer's instructions.

2.6.7.1.5
The control panel shall be given the following inspection and tests:



All pneumatic and pressure piping shall be checked under pressure for leaks in accordance with ISA Standard RP7.1 dated 1956.



All electrical circuits shall be checked for continuity and proper termination.



The panels shall be tested to insure that the panel is piped and wired per applicable instrument and flow diagrams.



Process conditions shall be simulated in testing and instruments.



All instruments shall be calibrated per the manufacturer's instructions.



Programmable controllers mounted in control panels shall be calibrated and tested per the manufacturer's instructions.

2.6.7.1.6
The incoming and outgoing pneumatic transmission lines shall terminate on bulkhead fittings located in the top portion of the panel with 1/4 inch bulkhead connections.  Each bulkhead fitting shall be identified by a plastic tab engraved with the field instrument tag number and permanently affixed.

2.6.7.1.7
Air headers shall be two inch SCH 40 aluminum unit-header as manufactured by the James C. White Company tapped for 1/4 inch NPT on one side only.  Each take-off shall be provided with an individual shutoff valve.  Two parallel filters stations shall be provided for headers.  Valves shall block off the individual units for servicing.

2.6.7.1.8
Nameplates shall be provided and inscribed as shown on the drawings.  Nameplates shall be laminated white on black plastic engraved to show black characters on a white background; edges shall be beveled to give a black border around the nameplates.

2.6.7.1.9
See Division IV for electrical specification.

2.6.7.2
Control Panels (New)
2.6.7.2.1
Mechanical and electrical work associated with local control panels shall be in accordance with joint industrial council standards and Division IV to these specifications.  Instruments shown on the drawings to be panel mounted shall be enclosed in cabinets designed for grouping and protecting control devices.  Cabinets shall be constructed of 12 gauge (minimum) steel with welded corners for rigid construction.  Cabinets shall have a full front door and removable back panel for mounting instruments.  The door shall have a piano-type hinge and key lock.  Cabinets may not be mounted on vibrating mechanical equipment.  Cabinet center line shall be approximately five feet above finished floor.  All instruments shall be identified with laminated plastic nameplates that have black letters with a white background and a black border.

2.6.7.2.2
Panel wiring shall be general purpose classification for non-hazardous areas unless specified or shown otherwise on the electrical drawings.  All wiring shall be neatly routed in vertical and horizontal runs, bundled, and secured to the panel.  Wire runs shall not prevent access to instruments or other devices for maintenance or adjustment.  Wiring should be installed so that disconnection and removal of individual wires does not require distortion of bundles.  All wiring to and from panels will terminate on interface terminal blocks mounted on the removable back panel.  One side of the terminal block shall be consistently and exclusively reserved for field wiring.

2.6.7.3
Tubing


All pneumatic tubing in local panels shall be 1/4 inch O.D. (minimum) Dekoron "FR" polyethylene tubing.  All tubing shall be tagged, bundled, and run in a neat and orderly fashion.  Tubing run to door mounted devices shall be bundled and protected against damage.  Tubing leaving panels shall terminate at bulkhead connectors (Swagelok 400-61).  All bulkhead fittings shall be labeled for field connections.

STD SPEC
2.6 - 12

