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[bookmark: _GoBack]SECTION 23 7516 
CUSTOM ALUMINUM AIR-HANDLING UNITS
GENERAL
SUMMARY
Section includes custom manufactured air-handling units constructed primarily of aluminum sheets for indoor and outdoor installations.  
Built-up air handling units shall comply with this section.
ACTION SUBMITTALS
Product Data:  For each type of air-handling unit indicated.  Include the following:
Certified fan-performance curves with system operating conditions indicated, for present and future conditions or multi-rating tables.  Include dirty filter loading of 1½ inches of water in static pressure calculation. 
Certified fan-sound power ratings.
Certified coil-performance ratings with system operating conditions indicated.
Motor ratings, electrical characteristics, efficiency and motor and fan accessories.
Material gages and finishes for base, panel walls, doors, floor, drain pan, hoods, and exterior hardware.
Retain subparagraphs below if items are furnished as parts of air-handling units.
Filters with performance characteristics.
Dampers, including housings, linkages, and operators.
Itemized list of specified and unspecified internal AHU pressure losses at present and future conditions. Determine total fan static pressure, including external static pressure.
Silencers with acoustic performance characteristics.
Certified air handling unit sound power level ratings in each octave band, for radiated and transmission sound for the fan and at the air handler casing inlet and outlet connections.
Acoustic panel, and insulation sound and thermal performance characteristics.
Include the following three paragraphs only when project has exterior mounted units.
Louver material, gauge, finish, and pressure drop and moisture carry-over performance.
Normally delete following paragraph since units have internal fan isolation with flexible connection. Retain paragraph if complete AHU is mounted on vibration rails. 
Flexible connection data:  duct, piping, controls and power connections. 
Provide detail of mounting, securing, and flashing of roof curb to roof structure or grade mount.  Indicate coordination requirements with roofing system.
Shop Drawings:  Signed and sealed by a qualified and registered California professional engineer.
Certified plan and elevation drawings indicating dimensions, weights, configuration, equipment locations, doors, door swings, duct size and connection location, and maintenance access requirements.
Design Calculations:  Calculate requirements for selecting vibration isolators and seismic restraints and for designing vibration isolation bases.
Vibration Isolation Base Details:  Detail fabrication including anchorages and attachments to structure and to supported equipment.  Include bases, unit rails, restraints, isolators, snubbers, and base weights.
Retain subparagraph below if equipment includes wiring.
Wiring Diagrams:  Power, signal, and control wiring.
Comparison Schedule:
Submit a schedule to indicate performance of equipment scheduled on Drawings directly compared to performance of submitted equipment.
Clearly identify each line in schedule to indicate "Scheduled" where indicating performance scheduled on Drawings and "Submitted" where indicating performance of submitted equipment.
Organize schedule to first indicate performance scheduled on Drawings on one line followed by line directly below that indicates performance of submitted equipment.
Comparison schedule shall follow arrangement and organization of scheduled information indicated on Drawings.
Submitted equipment shall have a value for each scheduled value indicated.
INFORMATIONAL SUBMITTALS
Coordination Drawings:  Submit with Shop Drawings.  Show mechanical-room layout and relationships between components, maintenance access requirements, and adjacent structural and mechanical elements.  Show support locations, type of support, and weight on each support.  Indicate and certify field measurements.
Manufacturer Seismic Qualification Certification:  Submit certification that air-handling units, accessories, and components will withstand seismic forces defined in Division 23 Section "Mechanical Vibration and Seismic Controls for HVAC."  Include the following:
Basis for Certification:  Indicate whether withstand certification is based on actual test of assembled components or on calculation.
Retain subparagraph below to define the term "withstand" as it applies to this Project. Definition varies with type of building and occupancy and is critical to valid certification. Option is used for essential facilities where equipment must operate immediately after an earthquake.
The term "withstand" means "the unit will remain in place without separation of any parts from the device when subjected to the seismic forces specified 
and the unit will be fully operational after the seismic event."
Dimensioned Outline Drawings of Equipment Unit: identify center of gravity, locate, and describe mounting and anchorage provisions.
Detailed description of equipment anchorage devices on which the certification is based and their installation requirements.
Field Quality-Control Test Reports:  From manufacturer’s representative
Factory Test Results:  From manufacturer’s representative, if required by project documents, which will define the tests to be performed. 
CLOSEOUT SUBMITTALS
Operation and Maintenance Data: For air-handling units to include in emergency, operation, and maintenance manuals.
QUALITY ASSURANCE
Source Limitations:  Obtain air-handling units through one source from a single manufacturer.  Companies specified specialize in manufacturing of industrial quality, custom-design air handling units with minimum five years documented experience of the size and type to be provided on this project.
Product Options:  Drawings and schedules indicate size, profiles, performance requirements, and dimensional requirements of air-handling units and are based on the specific system indicated.  Refer to Division 01 Product Substitutions.  Ensure that product meets project performance requirements and space allocation requirements, and that components are compatibly matched.
Electrical Components, Devices, and Accessories:  Listed and labeled as defined in California Electric Code, Article 100, by a testing agency acceptable to University, and marked for intended use.  
Comply with California Electrical Code. 
Aluminum sheeting shall be aluminum alloy 5052 Marine Grade, conforming to ASTM B209, with minimum thickness of 0.080”. 
Aluminum structural base shall be structural aluminum alloy 6061-T6, conforming to ASTM B308.
Aluminum extrusions for door frames, damper frames, and other frames shall be anodized aluminum alloy 6063-T6, conforming to ASTM B221.
Unit shall have the approval of one of the following agencies: Underwriters’ Laboratories (UL), Electrical Testing Laboratories (ETL) or Canadian Standards Association (CSA).  The air handler shall bear an appropriate label certifying that the unit has been designed and manufactured in strict accordance with the UL1995 Standard for air handling equipment.  If the manufacturer cannot provide an ETL or UL sticker on the air handler, it will be the sole responsibility of the contractor to arrange for local ETL or UL approval and labeling.
The Unit Electrical Panel(s) shall be built in strict accordance to NEC Standards.
AHU Controls Compliance: The air handling unit controls shall conform to UL 508 Industrial Controls Equipment. 
National Fire Protection Association (NFPA):  Air handling unit internal insulation, and supplementary materials, shall have a flame spread rating of less than 25 and smoke developed rating less than 50 complying with NFPA 90A,  “Standard for the Installation of Air Conditioning and Ventilating Systems.” 
Certification: Fans shall have sound and air rating based on testing performed in compliance with the latest version of AMCA bulletins 210, 211, and 300. 
Factory Tests:  
The units shall be fully assembled in the factory to ensure proper fit of each component prior to shipment.  
One Unit chosen by the University, shall be tested for 
Air Volume at design static pressure
Cabinet deflection 
Cabinet leakage
Sound levels
Sound Testing: The unit manufacturer shall meet the scheduled sound power levels for casing inlet, outlet values, and casing radiated sound  Unit manufacturer shall test one unit at an AMCA accredited Laboratory or perform the test in accordance with ISO 9614-2.  A written report shall be provided showing the test results and the test methods used.  No other testing procedure will be accepted.  
Vibration Testing:
A Field balance test shall be performed on the fan assembly to certify that the fan meets the following vibration values:
Direct Drive - Spring Isolation Assembly
	
	Rotational Speed up to and including:
	Vibration Amplitude Peak to Peak

	2000 rpm
	0.50 mils

	>2000 rpm
	0.25 mils


Vibration measurements shall be taken in three orthogonal directions: One taken parallel to shaft in the horizontal plane and two taken perpendicular to the shaft in the horizontal and vertical planes.  The values will be checked with the levels being measured in mils peak to peak. 
During balancing, the fan shall be imposed with an operating resistance equal to the design external static pressure.
A certificate of compliance signed by the manufacturers Quality Control Inspector shall be attached to each fan assembly at the factory and incorporated into the operating and maintenance manuals. 
Testing The University may witness testing.  Provide a minimum two-week notification prior to propose scheduled test.  Failure of AHU to meet test requirements shall require correction of deficiency and re-testing of unit.  Submit written results of factory tests to the University’s Representative for approval prior to shipping of equipment. 
Safety: AHU and components shall meet requirements of UL 1995 safety standard for “Heating and Cooling Equipment”.
COORDINATION
Coordinate size and location of concrete bases.  Cast anchor-bolt inserts into bases.  Concrete, reinforcement, and formwork requirements are specified in Division 03.
Coordinate installation of roof curbs, equipment supports, and roof penetrations.  These items are specified in Division 07 Section "Roof Accessories."
Coordinate size and location of structural-steel support members.
Coordinate electrical, temperature controls, and fire alarm system connection requirements.  Controls may be factory mounted in lieu of field installation and is preferred by the University.  Controls contractor to check prior to shipment.
Coordinate and provide the University’s equipment access requirements. Include clearance for inspection, repair, component replacement, and maintenance service access.
Coordinate with the electrical contractor to provide factory installed conduit openings in the air-handling unit casing.  
DELIVERY, STORAGE AND HANDLING
Vacuum clean inside of the unit and wipe down with clean rags to remove dust, dirt, and metal shaving prior to shipping.
Deliver air-handling units with factory-installed shipping skids and lifting lugs; pack small components in factory-fabricated protective containers. Cover units with heat-shrinkable plastic sheeting suitable for shipping from point of manufacture to Project.
Handle air-handling units carefully to avoid damage to components, casing, and finish. Do not install damaged components; replace and return damaged components to air-handling unit manufacturer.
Store air-handling units in a clean dry place and protect them from weather and construction activities.
Keep air-handling units fully covered and protected during construction. Remove dirt and debris and clean units to a factory-cleaned condition.
Comply with manufacturer's written rigging and installation instructions for unloading air-handling units and moving them to their final locations.
PROJECT CONDITIONS
Do not operate unites for any purpose, temporary or permanent, until ductwork is clean, filters are in place, bearings lubricated, shipping bolts removed and fan has been test run under observation.
EXTRA MATERIALS
Furnish extra materials described below that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.
Filters:  One set of 2-inch thick temporary filters for each air-handling unit to be installed during construction period upstream of final filters.  Remove prior to starting testing, adjusting, and balancing.
Gaskets:  One set for the largest access door per unit. 
PRODUCTS
PERFORMANCE REQUIREMENTS
General Performance:  Air handling units shall withstand 8-inches of water column or 1.5 times the fan total static pressure without failure due to defective manufacture, fabrication, installation, or other defects in construction.  Air handling units shall remain watertight and airtight after installation.
Cooling coils:  Comply with performance requirements specified, as determined by testing assemblies representing those indicated for this Project.  
For coil face velocity design requirements see Campus Standards & Design Criteria table (below) showing cooling coil design velocity as determined by building operating hours.  
Maximum coil face velocity shall be as shown on drawings feet per minute at maximum design airflow. Velocity shall comply with Campus Standards.
Maximum coil fins spacing shall be eight fins/inch.
Minimum cooling coil water-temperature differential shall be 20°F with 45°F entering water.
Cooling coil selection shall examine operation at 20% load, 50% load, and 100% load to ensure that pressure loss, coil water side velocity, and performance are appropriate at load points. Greater pressure drop at full load may be acceptable if it means keeping the low-flow velocity above one foot per second (1 fps). 
Heating coils: Comply with performance requirements specified, as determined by testing assemblies representing those indicated for this Project.  Coil face velocity shall match cooling coil when in series.  Coil capacity for pre-heat coils shall be sized to raise outside air airflow from design outside air temperature or mixed air temperature to the highest design cooling coil supply air temperature, not including fan heat.  Heating coils for single zone systems and double duct systems shall be selected to heat air to minimum of 95°F and provide the heating design load for the areas served.
Fan:  Comply with performance requirements specified, as determined by testing assemblies representing those indicated for this Project.  
Select fan operating-point to the right hand side of peak static pressure point and near the peak of static efficiency.  
Operation of the fan above 60 Hz is acceptable during the 90 to 100% maximum airflow range.
Fans shall be direct drive. Belt-driven fans are prohibited. 
Comply with performance requirements specified, as determined by testing assemblies representing those indicated for this Project.
Sound Attenuators:  Units mounted integral to the AHU.
Attenuator Selection: Attenuation performance and AHU sound levels shall meet project acoustic requirements. 
Attenuator shall be sized for full face to match cooling coil face area – transitions and reduced sized attenuators are not acceptable. Face velocity shall match coil face velocity.
Pressure drop across the sound attenuator shall not exceed 0.1-inches of water.
Surface Condensation:  Air handling unit casing, including roof, doors, coil access panels, and flooring shall be properly insulated, designed, and sealed to prevent formation of condensation based on 39°F chilled water serving the unit.  In the event that condensation does form on the exterior surfaces of the unit within two years of acceptance, the unit shall be rebuilt, or repaired to meet the requirements of the specifications without additional cost to the University. 
CAPACITIES AND CHARACTERISTICS
This custom class of air-handling unit equipment requires capacity, performance, and other characteristics to be indicated in equipment schedules on Drawings.
See equipment schedules on Drawings.
SOURCE LIMITATIONS
Source all indoor and outdoor custom air-handling units from same manufacturer.
Like components furnished with air-handling units shall be from same manufacturer.
Air-handling units shall be manufactured in United States or Canada.
MANUFACTURERS
Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
Air Enterprises.
Haakon Industries
Temtrol
United Metal Products.
Or equal.
[bookmark: OLE_LINK3][bookmark: OLE_LINK2]Or Equal:  Where products are specified by manufacturers name and accompanied by the term "or equal", comply with provisions in Division 01 Product Substitutions.  Specific procedures must be followed before use of an unnamed product or manufacturer.  
MANUFACTURED UNITS
Custom air-handling units shall be factory assembled and consist of fans, motors, coils, damper, plenums, filters, condensate pans, mixing dampers, control devices, sound attenuators, and accessories.
OUTDOOR UNITS 
Outdoor exterior mounted air handling units shall be completely weatherproofed and revised from the basic specification as follows:
Cabinet wall and roof construction shall be 4 inches thick with 4-inch thick insulation. 
Curbs and rail isolation systems shall be completely flashed and protected from the weather.
Doors, access panels, and casings shall have weatherproof gaskets and seals.  
Storm Louvers:
Blades: drainable blade storm type with drain gutter in each blade, stainless steel, or 6063-T5 aluminum alloy.  Air velocity at full economizer cycle airflow shall not exceed 900 fpm, and shall not allow moisture carry-over.
Downspouts: shall be provided in frame jambs and mullions.
Filter frames: stainless steel.
Screen: removable stainless steel bird screen.
Unit and Supports: designed to withstand wind load of 20 lbf/ft².
Provide drain pan underneath outside air louver draining to roof. 
Lighting, switches, convenience outlets, controls, wiring, cabling and instruments shall be suitable for outdoor applications in a coastal corrosive environment. 
Electrical panels, control panels, and electrical devices shall meet the requirements of NEMA 4X stainless steel or alternative design such as built in ventilated cabinet sections. 
Exterior Finish:  Exterior finish shall withstand 1,000 Hour salt spray testing as prescribed in ASTM B117 Operating Salt Spray (Fog) Apparatus.
Door handles, hinges, hardware, and accessories shall be 316 stainless steel.
Roof shall be sloped to drain away from access doors, and shall not allow standing water.  Roof system interconnecting two air handling units shall be equipped with flexible joint for independent movement of AHU’s if externally isolated.
Moisture eliminators shall be provided at air intake section for 100% outside air intake units.
Access plenum section shall be equipped with flexible connectors to allow independent movement of AHU’s.
Provide solid, hinged cover over filter gauge to block out sunlight.
Provide solid, hinged, and weather proof cover over VFD keypads.  Provide ¼ turn fasteners to open cover. 
CABINET
Construction:  Formed and reinforced double-wall insulated panels, fabricated to allow removal for access to internal parts and components, with joints between sections sealed and constructed with thermal breaks.
Outside Casing:  0.080 inch thick aluminum sheet.
Inside Casing:  20 gauge 304 stainless steel liners at outside air section and coil section.  Acceptable alternate material is 0.032 inch thick aluminum sheet.
Floor Plate:  14 gauge 316 stainless steel for outside air section floor, and 14 gauge 316 stainless steel cooling coil section floor.  Acceptable alternate material is ⅛-inch thick safety tread surface aluminum sheet.  Provide convenience drains for each section to allow efficient wash down of units.  Drains shall be 1¼” pipe size minimum and shall be piped to the exterior of the unit.  Provide galvanic compatible stainless steel or aluminum pipe drains.  Finish with male pipe threads and cap.
Panel Fasteners: Screws or bolts shall be stainless steel at maximum 9-inch on centers.  If screws are used, screw tips shall not protrude into maintenance access space, presenting a safety hazard to maintenance personnel.
Accessibility: Insulating panels shall be constructed to allow field removal of panels as required gaining adequate maintenance access path for replacement of internal components such as, fan assembly, coils, and attenuators.  Access panels shall be provided for coil removal access.  Welded panels are not acceptable.
Rigidity: Reinforcement of the unit is required to limit deflection to 1/200 when static pressure is at 8-inches of water column, or 1½ times the fan static pressure, whichever is greater.
Structure: Structural members shall be insulated in the same fashion as the insulated panel to reduce sound transmission, and surface condensation. Through metal connections, or “bridges” shall be kept to an absolute minimum.  
Base: Welded aluminum base of minimum 6 inches high structural tubes or channels around the entire perimeter, and welded structural angle-iron, beams, or channels beneath the fan sections and coils.  Welded or bolted cross-members shall be provided for lateral stability, and fully self-supporting system for installation on concrete housekeeping pad.  Center span deflection shall be less than L/240 when supported from each end without a center support. 
Casing Openings:	If bottom duct connections are used as in a down-shot configuration, supply, return air openings in the AHU casing shall be through framed raised dams where the flooring waterproofing is raised continuous to the top of the dam.  Dams must be raised to a height of 6-inches above the AHU access door threshold height to prevent possible flooding in the event of a damaged and leaking coil.  If horizontally ducted connections are used, duct connections shall be minimum 6-inches above the AHU access door threshold.
Penetrations: Supply, return, and outside air penetrations shall be low-pressure drop design, or bell-mouth fittings passing through framed openings.
Through Penetrations:	 Conduit and piping penetrating the AHU casing shall be sealed airtight and watertight with an approved sealant.  Ensure sealing of chilled water piping where it passes through casing wall.
Cabinets shall shed rain water to opposite side of typical service access points. 
Cabinet Insulation:  Comply with CMC.
Materials:  ASTM C1071 with coated surface exposed to airstream to prevent erosion of glass fibers. Insulation may be foamed in place instead of fiberglass. 
Thickness for wall and roof:  2 inches interior and 4 inches for exterior units.
Thermal Conductivity of Insulation (k-Value): maximum of 0.24  Btu-inch/hr-ft²-°F at 70°F. mean temperature.
Density:  3 lb/ft³.
Fire-Hazard Classification:  Maximum flame-spread index per ASTM E84 of 25 and smoke-developed index of 50, and flame propagation index of 50 when tested in accordance with ASTM C411.
Mechanical Fasteners:  Prohibited. Insulation shall be supported inside the double wall unit. 
Location and Application:  Encased between outside and inside casing.
Access Doors:  One door for each air handling unit section of same materials and finishes as cabinet, complete with hinges, latches, handles, and gaskets. 
Door frames:  Extruded aluminum with corrosion resistant finish, or 16-gauge welded construction.
Doors:  Double-wall, minimum 2-inch thick, 0.080-inch thick aluminum sheet exceptions, interior 18 gauge 304 stainless steel for outside air section access door, and for cooling coil section access door.    Door swing shall be against the pressure, holding the door firmly against the door seal without latching the lever handle.  Door sizes shall be minimum 22-inch wide by 72-inch high, except when limited by air handling unit height. 
Gasket: Hollow closed-cell elastomeric gasket or seal.
Hinges: Adjustable heavy duty corrosion resistant capable of suspending a 100 pound weight placed on the latch end of the door without deflection.
Door Handle: Adjustable corrosion resistant alloy lever cam action handles on both sides of door.
Instrument Test Port: Access doors shall be equipped with Ventfabrics Model #699 or equal, screwed, and gasketed instrument test port.  Provide any additional test ports if necessary to allow measurement of the pressure drop across any apparatus in the air handling unit.
Fan section Doors: Fan section access doors shall have tool operated safety latches and safety trip timed-delay, matched to fan coast-down period. Door shall be equipped with a minimum size 9-inch by 9-inch reinforced thermal pane safety inspection window.  Fan access doors shall meet requirements of UL 1995, and Title 8 Cal/OSHA.  Fan section door, or removable fan section panel shall be large enough to accommodate removal of fan wheel and motor. 
Condensate Drain Pans:  Formed sections of 16 gauge 316 stainless-steel sheets complying with requirements in ASHRAE 62.  Fabricate pans with slopes in two planes to collect condensate from cooling coils (including coil piping connections and return bends) and humidifiers.
Double-Wall Construction:  Fill space between walls with foam insulation and seal moisture tight.
Slope: Pan shall be sloped ¼” per foot.
Drain Connections:  316 stainless steel pipe to outside of unit. 
Drain Outlet: Bottom, or recessed side outlet.
Dimensions: Extend pans downstream of coil edge half the height of the coil plus six-inches, minimum of 18-inches and upstream 6 inches. Minimum depth shall be 3 inches deep.   
Units with stacked coils shall have an intermediate stainless steel drain pan or drain trough to collect condensate from top coil.  Provide insulation on bottom of intermediate drain pan.
Parts in contact with cooling coil and in the cooling coil air discharge plenum shall be 316 stainless steel.
Anchorage: Condensate drain bracket, support, and fastener, material shall be 316 stainless steel.
Provide removable 316 stainless steel, aluminum, or fiberglass grate to allow maintenance of coil without stepping into the drain pan.
Finish: Salt spray test passing ASTM B117, ASTM D2247, and ASTM D3359.  Paint exterior of the unit casing and doors.  Interior of casing may also be painted except for stainless steel sheeted sections. Unless directed otherwise, aluminum units may remain unpainted on the exterior. 
Indoor Units:  Epoxy based primer with two finishing coats of acrylic urethane for a minimum of 500- hour salt spray test.
Outdoor Units:  Dry Powder – baked polyester coated for a minimum of 1,000 hours salt spray resistance test.
Casing and Liner Joints:  Seal air handling unit wall panels, floors, liners, and door joints for an airtight and watertight seal, encapsulating the insulation. 
Sleeves and sealant shall be used on cabinet electrical and piping penetrations.
[bookmark: OLE_LINK1]Cabinet shall conform to ASHRAE/ANSI Standard 111, Leakage Class 9.
Assembled unit shall have maximum leakage rate of 1% of total airflow.
Flooring shall be of watertight construction with minimum 2-inch raised dams as necessary to contain any potential spills, with low spill point dumping into the mechanical room.
Gasket and sealant between panels. 
Motor Rail:  Include a structural I-beam over the motor and to the access door for removal of the motor from the unit with a chain hoist, where combined weight of motor and fan is greater than 75 pounds. 
FAN SECTION
Fan-Section Construction:  Direct-drive plenum fans consisting of housing, wheel, fan shaft, bearings, motor and disconnect switch, drive assembly, and support structure and equipped with formed-aluminum channel base for integral mounting of fan, motor, and casing panels.  Mount fan with vibration isolation.  Fans and motors shall be selected based on future capacity, as defined by the project design. 
Plenum Fan: Completely welded aluminum, direct drive, airfoil blades, taper lock, or taper bushing to shaft. 
Supports:  Structural aluminum tube, aluminum angle- or channel-iron member supports for mounting and supporting fan wheel, motor, and accessories. 
Performance Class:  AMCA 99, Class II minimum.
Safety: Cal/OSHA approved inlet screen and safety devices.
AMCA Seal: Fan assembly shall be licensed to bear the AMCA Seal.
Inlet: Precision spun inlet cone. 
Drive:  Direct, with flexible coupling. 
Coatings:   Powder-baked enamel, on ferrous wheels. 
Arrangement:  arrangement 8, or arrangement 4 where approved by the University.
Fan Assemblies:  Statically and dynamically balanced at the factory and designed for continuous operation at maximum rated fan speed and motor horsepower. 
Fan assemblies of 20 HP and larger shall be dynamically balanced in the field after construction is complete.
Shafts:  Statically and dynamically balanced and designed for continuous operation at maximum rated fan speed and motor horsepower, with final alignment made after installation.
Turned, ground, and polished hot-rolled steel with keyway.  Ship with a protective coating of lubricating oil.
Solid steel ground and polished. Shaft shall be rated to operate at 20% greater speed than the maximum AMCA Class speed of the fan.
Grease-Lubricated Shaft Bearings:  Self-aligning, pillow-block-type, ball or roller bearings with adapter mount and two-piece, cast-iron housing. Spherical roller bearings on fan sizes 33-inch and larger. 
Ball-Bearing Rating Life:  ABMA 9, L10 of 200,000 hours.
Roller-Bearing Rating Life:  ABMA 11, L10 of 200,000 hours.
Bearing Lube Fitting: Readily accessible without the use of extension tubes, or external piping and fittings. 
Vibration Control:  Install each fan on welded aluminum support with restrained-spring vibration isolators having a minimum of 2-inch static deflection, selected in compliance with California Building Code seismic restraints for non-structural components and with thrust restraint.  On fan sizes 54-inch wheel size and larger provide 3-inch static deflection.  Provide flexible connectors complying with NFPA 90A.
Fan-Section Source Quality Control: 
Sound Power Level Ratings:  Comply with AMCA 301, "Methods for Calculating Fan Sound Ratings from Laboratory Test Data."  Test fans in accordance with AMCA 300, "Reverberant Room Method for Sound Testing of Fans."  Fans shall bear AMCA-certified sound ratings seal.
Factory test fan performance for flow rate, pressure, power, air density, rotation speed, efficiency, and casing leakage rate.  Establish ratings in accordance with AMCA 210, "Laboratory Methods of Testing Fans for Rating."
Prohibited: belt drives fans.
MOTORS
General:  Totally enclosed, fan-cooled, cast-iron frame, premium efficient IEEE 841 severe duty, and compatible for inverter duty service with VFD.  Refer to Division 23 Section "Motors for HVAC" for requirements.
Electronically Commutated Motor (ECM) fan combinations is an acceptable alternative. 
Torque Characteristics:  Sufficient to accelerate driven loads satisfactorily.
Motor Sizes:  large enough so driven loads will not require motor to operate in service factor range.
Overload Protection:  Built-in, automatically resetting, thermal-overload protection.
Nameplate:  Indicate ratings, characteristics, construction, special features, and full identification of manufacturer.
Disconnect Switch: University requires lockable, NEMA 3R, non-fused, mounted in an accessible location inside fan section casing within seven feet of motor.  Disconnect shall be last electrical device prior to motor connection and shall not be integral with other devices.  Disconnect shall factory wired with stranded copper wire with ground wire in watertight flexible conduit to motor.
Fan wall systems shall be provided with electronically commutated motors (ECM).  ECMs are DC motors that function using a built-in inverter and a magnet rotor.  The ECMs are able to achieve greater efficiency than fans with IEEE 841 motors.  The ECM’s internal rectifier shall be used to control fan speed, eliminating the need to provide a variable speed drive.
VARIABLE FREQUENCY DRIVE 
Refer to Division 23 Section "Variable Frequency Drives" for general requirements.  VFD shall be installed integral to the AHU casing in a ventilated compartment, within the VFD manufacturers NEMA 12 enclosure. VFD shall be rated for compatibility with motor and factory wired with stranded copper wire in watertight flexible conduit to motor.  Drive and motor shall be mounted, wired, and tested at the factory.  Provide ABB VFD or other manufacturer listed in VFD specification section.
VFD keypad shall be mounted in the face of the drive compartment. 
COILS
Coil Sections:  Design and construct to facilitate removal and replacement of coil for maintenance and to ensure full airflow through coils.
Water Coils: Continuous circuit coil fabricated in accordance with ARI 410, counterflow design, closed-cell insulation on tube bends and headers, and any chilled water piping within casing and casing wall.
Arrangement: Horizontally stacked coils, individually removable whether top, middle, or bottom without disturbing the remaining coils. 
Piping Connections:  Threaded or flanged, on same end.
Tubes:  minimum 5/8-inch outside diameter Copper tubes, minimum 0.035-inch tube wall thickness, with 0.040-inch thick tube bends, and maximum 48-inch support spacing.  Tubes must be of round and open cross-section, void of flow enhancement accessories.
Fins:  Copper flat fins, minimum thickness size of 0.0095-inches, and maximum 8 fins per inch.  Flat, rippled or rippled and waffled fins may be used in a final coil selection to avoid adding additional rows to a coil.
Fin and Tube Joint:  Mechanical bond copper fin to copper tube. 
Headers:  Seamless copper tube with brazed joints, prime coated, with minimum ½” copper or red brass vent, and drain piping extensions to outside of the unit casing.
Heating Coil Frames:  Minimum 14 gauge 316 stainless steel channel frame with ¾” flanges.  Heating coils mounted downstream of cooling coils shall have stainless steel frame. Preheat coils mounted in 100% outside air shall have stainless steel frame.
Cooling Coil Frames:  Minimum 14 gauge 316 stainless steel channel frame, with minimum ¾-inch flanges. 
Ratings:  Design tested and rated in accordance with ASHRAE 33 and ARI 410.
Working-Pressure Ratings:  200 psig, 325°F.
Source Quality Control:  Test with 300-psig air underwater.
Air vent and drain lines shall be extended to outside of unit casing.
Piping shall be installed outside of airflow in or out of coil.  
DAMPERS 
Damper Operators:  Electric or pneumatic as specified in Division 23 Instrumentation and Controls specification.
Low-Leakage Outside air, return, and relief control Dampers:  shall be provided in accordance with Section 23 3300 “Air Duct Accessories”.  
Units installed in parallel shall be provided with an AHU isolation damper inside the AHU at the supply air outlet.  Isolation damper shall be TAMCO in strict accordance with Section 23 3300, “Air Duct Accessories,” fan isolation damper.  Isolation damper will allow maintenance on the unit while other units are still operating.
FILTER SECTION 
Filters:  Comply with NFPA 90A.
Filter Section:  Provide filter holding frames arranged for flat orientation. Units that have minimum outside airflow greater than 50% of total airflow shall be completely constructed of stainless steel materials.
Holding Frame: Farr Filter Company or equal, Type 8, 16-gauge stainless steel.  Complete with four stainless steel filter hold-down spring clips per filter.
Frame Stiffener: 3/16-inch thick stainless steel stiffeners are required at 4-foot intervals on filter frame configurations larger than 4-high by 3-wide filter banks.
Configuration: Flat face holding frame, provide only in 24-inch by 24-inch modules.
Blank-offs: 0.032 inch aluminum sheet blank offs at filter bank perimeter as required.  Permanently fasten and seal blank-off panels for an airtight seal.  
Frame Seal: Seal between filter supports and at plenum housing to prevent day lighting for an airtight seal, with permanent frame mounted closed-cell foam gasket for sealing against filter. 
Filter Gauge: Dwyer 2000 series magnahelic, mounted for reading differential pressure across filter bank, 0-2-inch scale, and with gasket.
Filter media:  Campus Standard is a low pressure drop filter ASHRAE 52.1 85% efficiency, ASHRAE 52.2 MERV 14, mini-pleat V-Bank design with minimum 193 square feet of media within a 24” x 24” rigid frame, 0.30” w.g. initial pressure drop at 2,000 cfm, UL 900 Class 1, use 24-inch by 24-inch sizes only.  See 23 4100 “Particulate Filtration” for more details.  
Provide filter frame and racks of 316 stainless steel construction for 100% outside air units.  Screws, bolts, washers, nuts, springs, or any other part shall be stainless steel.
SOUND ATTENUATORS (Integral units with the following features)
Outer casings of rectangular silencers shall be made of 0.032 inch aluminum. Interior partitions for rectangular silencers shall be not less than 0.032 inch aluminum lock-formed quality perforated aluminum.  Provide 316 stainless steel if located next to 100% outside air section.
Filler material shall be of inorganic glass fiber of a proper density to obtain the specified acoustic performance and be packed under not less than 5% compression to eliminate voids due to vibration and settling.  Material shall be inert, vermin and moisture proof. Filler material shall be totally encapsulated and sealed with Mylar or Tedlar film of an approximate thickness of 1.5 mils.  The encapsulated fill material shall be separated from the interior perforated baffles by means of a non-combustible, erosion resistant, factory installed, and acoustic stand-off.  It shall not be acceptable to omit the acoustic stand-off and try to compensate for its absence by means of corrugated baffles.
Combustion ratings for the acoustic fill, encapsulation film, and the acoustic stand-off shall be not greater than the following when tested in accordance with ASTM E84:
Flame Spread Classification   25 or less.
Flame Propagation Rating   50 or less.
Smoke Development Rating   50 or less.
LIGHTING
Vapor proof cast-aluminum marine LED light with guard for less than 4-feet wide units and 2 or 4-foot strip LED light with vapor proof lens for greater than 4-foot wide units. Provide EMT conduit runs inside of unit serving lights in each section of the unit.  Locate solid-state timer switch on exterior adjacent to fan access door with independently fed lighting circuit – separate from unit power connection.  Light fixtures shall be DLC listed. 
Light fixtures shall be located at the least likely location that they would be bumped or knocked by maintenance staff.  That may include ceiling or wall and the location shall be reviewed by the University’s Representative.
ELECTRICAL
Electrical work shall be in accordance with current California Electric Code.
Wiring inside unit sections shall be installed inside conduit.  Conduit to fan motors shall not run across floors or be installed to prevent normal maintenance access.  Provide stranded copper wire in a watertight flexible conduit for final connection to motor.
VFD for fans shall be factory mounted. 
Wiring inside units shall be factory installed.
ACCESSORIES:  
Blank-off panels: 316 stainless steel sheet as required. Permanently fasten and seal blank-off panels for an airtight seal.  
Lifting Lugs: Factory mounted and adequately sized lifting lugs for each component shipped.
Piping penetrations:  Extend air lines to exterior of AHU cabinet and cap ½” brass female pipe threads.
Engineer of Record shall complete the following table to establish noise criteria. Modify to suit project requirements. 
SOUND POWER RATING (BASED ON )

	OCTAVE BAND SOUND POWER LEVELS (Lw) in HERTZ, (dB re: 10-12 Watts)

	
	63
	125
	250
	500
	1000
	2000
	4000
	8000
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EXECUTION
EXAMINATION
Examine substrates, areas, and conditions for compliance with requirements for University’s standards for maintenance access, installation tolerances, and other conditions affecting performance.
Examine roughing-in of hydronic, and condensate drainage piping systems and electrical services to verify actual locations of connections before installation.
Verify that pads or bases are level. Provide shims if necessary. 
Proceed with installation only after unsatisfactory conditions have been corrected.
INSTALLATION
Concrete Bases:  Install floor and roof mounted units on a minimum 9-inch- high concrete bases, roof curbs, or concrete pad.  Adjust concrete base height as required to lift AHU to fit static condensate trap.  See Division 23 Section "Common Work Results for HVAC" for concrete base materials and fabrication requirements. Secure units to concrete bases with concrete anchor bolts.  
Arrange installation of units to provide access space around air-handling units for service and maintenance.
Use factory provided lifting lugs to rig the units following manufacturer’s instructions.  Spreader bars must be used to prevent damaging the casing.
Electrical Conduit:	Route control tubing, control wiring, smoke detector wiring, if applicable in electrical conduit.  Conduit must not be anchored with screw penetrations through AHU casings.
CONNECTIONS
Piping installation requirements are specified in other Division 23 Sections.  Drawings indicate general arrangement of piping, fittings, and specialties.
Install piping adjacent to machine to allow service and maintenance.  Piping shall not cause tripping hazard or be in path of travel to access doors.
Connect condensate drain pans using minimum NPS 1¼, Type L copper tubing.  Extend to nearest equipment or floor drain.  Construct deep trap at connection to drain pan and install cleanouts at changes in direction in accordance with Campus Standard piping details. Submit shop drawing of condensate trap and piping for review. 
Hot- and Chilled-Water Piping:  Comply with applicable requirements in Division 23 Section "Hydronic Piping and Valves."  Connect to supply and return coil tappings with union or flange at each connection.
Duct installation and connection requirements are specified in other Division 23 Sections.  Drawings indicate general arrangement of ducts and duct accessories.  Internally isolated units do not need external duct flex connection.
Electrical:  Comply with applicable requirements California Electric Code and in Division 26 Sections for power wiring, switches, and motor controls.  Provide conduit for internal wiring.
Ground equipment in accordance with Division 26 Section "Grounding and Bonding for Electrical Systems." 
Tighten electrical connectors and terminals in accordance with manufacturer's published torque-tightening values.  If manufacturer's torque values are not indicated, use those specified in UL 486A. 
FIELD QUALITY CONTROL
Manufacturer's Field Service:  Engage a factory-authorized service representative to supervise field-assembled components and equipment installation, including piping and electrical connections.  Report results in writing. 
Leak Test:  After installation, fill water coils with water and test coils and connections for leaks.  Repair leaks and retest until no leaks exist.
Fan Operational Test:  After electrical circuitry has been energized, start units to confirm proper motor rotation and unit operation.  Remove malfunctioning units, replace with new units, and retest.  
Delete following two paragraphs if HEPA filters not required for project. 
HEPA Filter Operational Test:  Pressurize housing to a minimum of 3-inch wg or to designed operating pressure, whichever is higher; test housing joints, door seals, and sealing edges of filter with soapy water to check for air leaks.  
Retain subparagraph above or below.  Retain below in critical applications per ASME N510.
HEPA Filter Operational Test:  Pressurize housing to a minimum of 3-inch w.g. or to designed operating pressure, whichever is higher; test housing joints, door seals, and sealing edges of filter for air leaks in accordance with ASME N510, pressure-decay method.
Test and adjust controls and safeties.  Replace damaged and malfunctioning controls and equipment.
Minimum supervision time allowed shall be not less than two full days consult with manufacturer’s representative and provide work plan to University’s Representative.   
Equipment Startup Checks:
Verify that shipping, blocking, and bracing are removed.
Verify that unit is secure on mountings and supporting devices and that connection to ducts and electrical components are complete.  Verify that proper thermal-overload protection is installed in motors, starters, and disconnect switches.
Verify that cleaning and adjusting are complete.
Disconnect fan drive from motor, verify proper motor rotation direction, and verify fan wheel free rotation and smooth bearing operation.  
For Arrangement-8 fans, align motor and fan shafts, as follows. Shims shall be stainless steel. Ensure sufficient work hours are available to properly align the equipment. This is an essential function and shall not be overlooked or slighted in any way. 
Alignment shall be reverse dial indicator or laser method.
Angular and offset misalignment shall be as follows:
	Maximum Speed
(rpm)
	Maximum Angularity
(per 10 inches)
	Maximum Offset
(Horiz. & Vert.)

	600
	0.010 inch
	0.005 inch

	900
	0.007 inch
	0.003 inch

	1200
	0.005 inch
	0.0025 inch

	1800
	0.003 inch
	0.002 inch

	3600
	0.002 inch
	0.001 inch

	Angularity is based on the diameter of the coupling. It is valid for the types of couplings used on fans at UCI, which are flexible. For example, a 3-inch diameter coupling, would have a maximum angularity of 0.001 inch (0.003 x 3/10) at 1800 rpm maximum speed. It is possible to align the shafts at much smaller offsets and angularity than listed. 


STARTUP SERVICE
Engage a factory-authorized service representative to supervise startup service.
Final Checks before Startup:  Perform the following:
Verify that shipping, blocking, and bracing are removed.
Verify that unit is secure on mountings and supporting devices and that connection to piping, ducts, and electrical systems are complete.  Verify that proper thermal-overload protection is installed in motors, starters, and disconnect switches.
Perform cleaning and adjusting specified in this Section.
Verify proper motor rotation direction, and verify free fan wheel rotation and smooth bearing operations.  
Lubricate bearings and other moving parts with factory-recommended lubricants.
Set outside- and return-air mixing dampers to minimum outside-air setting.
Comb coil fins for parallel orientation.
Install clean filters. 
Verify that manual and automatic volume control and fire and smoke dampers in connected duct systems are in fully open position.
Minimum supervision time allowed shall be not less than two full days consult with manufacturer’s representative and provide work plan to University’s Representative.  
Starting procedures for  air-handling units include the following:
Energize motor; verify proper operation of motor, drive system, and fan wheel.  Adjust fan to indicated rpm.  
Measure and record motor electrical values for voltage and amperage.
Manually operate dampers from fully closed to fully open position and record fan performance.
Vibration signatures shall be taken on each bearing in the horizontal, vertical, and axial directions.  The filter-in reading as measure at the fan rpm shall not exceed 0.10 inch per second peak with the fan flexibly mounted.  
Refer to Division 23 Section “Commissioning for HVAC” and Division 23 Section "Testing, Adjusting, and Balancing for HVAC" for air-handling system testing, adjusting, and balancing.
ADJUSTING
Adjust damper linkages for proper damper operation.
CLEANING
Clean air-handling units internally, on completion of installation, in accordance with manufacturer's written instructions and as follows.  Clean complete fan interiors to remove foreign material and construction dirt and dust.  Vacuum clean fan wheels, cabinets, and coils entering air face and finish with a cloth wipe down.
After completing system installation and testing, adjusting, and balancing, air-handling and air-distribution systems, clean filter housings and install new filters.
DEMONSTRATION
Engage a factory-authorized service representative to train University's maintenance personnel to adjust, operate, and maintain air-handling units.  Refer to Division 01, Demonstration and Training. Include oral and written motor and bearing lubrication instructions. 
END OF SECTION
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