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SECTION 15800 – HEATING, VENTILATION AND AIR CONDITIONING

PART 1 – GENERAL

1.1 RELATED DOCUMENTS

A. 
The General Provisions of the Contract, including General and Supplementary Conditions and General Requirements apply to the work specified in this Section.

B. Refer to Basic Mechanical Materials and Methods Section 15050 which shall apply to work in this Section.

1.2 DESCRIPTION OF WORK

A.
The work to be done under this Section includes the furnishing of all labor, tools, materials, equipment and services necessary for and reasonable incidental to the installation of complete air conditioning and heating and ventilation equipment as shown on plans and herein specified, excepting only work and/or materials indicated as being done and/or furnished under other sections.
B.
Contractor shall refer to other Sections of the Specifications which may be applicable to or associated with this Section.

RELATED WORK SPECIFIED IN OTHER SECTION

A. 
Electrical Section will provide all power wiring including furnishing and installing of disconnect switches where specified.  Control wiring for air conditioning equipment shall be provided by Building Automation and Temperature Control  Contractor.

B. 
Other Sections will provide and install structural supports for equipment.  These supports must be checked and coordinated by this Section so that they suit the equipment which is to be supported.

C. 
Other Sections will provide all platforms slabs, lintels and curbs, as directed by this Section, to accommodate the mechanical equipment.

D. 
Mechanical Contractor shall provide starters for motors furnished under this Section.

1.4
QUALITY ASSURANCE 

A.
These specifications with accompanying drawings, require complete apparatus, fully erected and in successful operating condition.  Perform all work in best, most substantial manner.

B. 
All equipment furnished and installed under this Section shall be U.L. or E.T.L. approved and labeled where applicable.

C. 
All unfired pressure vessels furnished under this Section shall be ASME and National Board stamped.

D.
All manufacturers products shall comply with the requirements of this Section.
E.
Employ qualified sheet metal workers in accordance with SMACNA Duct Construction Standards.

F.
Qualify welding/brazing process and welder/brazer performance in accordance with AWS B2.2, Standard for Brazing Procedure and Performance Qualification, or ASME Boiler and Pressure Vessel Code, Section IX (See 15050).  Provide copy of certification for welding and brazing processes.

G.
Soldering processes shall conform to ASME B 31.3, Process Piping and Copper Development Association recommended practices.

1.5
SUBMITTALS

A.
Contractor, before beginning work, shall submit dimensional shop drawings (in accordance with requirements of Division 1), for approval, for all duct systems.  Contractor is responsible to coordinate all plumbing, piping, sprinkler, ductwork and electrical to avoid all conflicts.  Conflicts encountered after work has started will be corrected at Contractor's expense.

B. 
Where the equipment installed is of a different configuration and/or size than that shown on the drawings, Contractor shall assume all responsibility to conform with the intent of the contract documents.  The Architect shall be advised of any changes and deviations for his approval.  The same shall be true for any field modification required because of "on job" construction conditions.

PART 2 - PRODUCTS

2.1
HVAC DUCTWORK

A. Provide and install a complete system of ductwork as herein specified to include, but not           limit to supply, return, exhaust and fresh air with grilles, registers, diffusers and appurtenance to provide a complete functional and operational system.  Duct sizes shown on drawings are free area dimensions.  Design shall be as described in the latest edition of SMACNA manuals and as per the following:

1.  Galvanized sheet metal shall be lock form quality per ASTM A653 with a G90 zinc coating.

2. Outside air and exhaust air ducts shall be galvanized sheetmetal with air-tight seams and as per applicable sections of SMACNA manuals for low velocity ducts.  Insulate outside air and exhaust air ducts with 2" exterior duct wrap as per SECTION 15250.

3.
Supply and return ducts for low pressure system and, low velocity systems shall be galvanized sheetmetal with airtight seams and as per applicable section of SMACNA manuals for low velocity ducts. All ducts shall be insulated with 2" exterior wrap as per Section 15250.

4.
Rectangular ductwork for medium pressure, high velocity systems shall be galvanized sheetmetal with airtight seams and as per applicable section of SMACNA manuals for high velocity ductwork.  Insulate with 2" exterior duct wrap as per Section 15250.

5. 
Round rigid ductwork shall be all round single wall spiral pipe and fittings, galvanized steel, as per applicable sections of SMACNA manuals for high velocity duct.  Insulate with 2" exterior duct wrap as per Section 15250.  Seal all seams, joints and wall penetrations with as herein specified.

6. 
All ducts shall be sealed per SMACNA Seal Class A.  All joints, longitudinal seams and wall penetrations of all supply, return outside air and exhaust ducts shall be sealed with an elastomeric tape which shall consist of a pressure sensitive layer of modified butyl rubber sealer laminated to a foil backing material which shall conform to surface variations and irregular areas and shall not harden crack or peel.  The sealant shall be waterproof and shall be a minimum of 15 mils thick.  All ductwork shall be cleaned and prepared and sealant shall be applied strickly in accordance with manufacturer's instructions and recommendations.  at Contractor’s option flanged gasketed duct system may be used for  POSITIVE PRESSURE SYSTEM ONLY.

7.
Flexible round duct where indicated on plans shall be listed by Underwriters' Laboratories, Inc., under UL-181 standards as Class I flexible Air Duct Material complying with NFPA Standards 90A.  Ducts shall be rated on maximum pressure of 6 inches WG positive and 2 inches WG negative.  The duct shall be factory fabricated assembly composed of:  an inner duct of woven and coated fiberglas providing an air seal and bonded permanently to corrosion resistant coated steel wire helix:  a 2” thick fiberglas insulating blanket and low permeably outer vapor barrier of fiberglas reinforced metalized film laminate. Pressure drop not to exceed .15" SP at 500 Fpm through 6" or larger duct.  Maximum length of flexible duct shall not exceed 8'-0".  Connect flexible round duct with ½” wide nylon positive locking nylon straps on inner duct and outer duct.

8. Splitter dampers shall be installed where branches take off of main trunk ductwork, where ducts divide or where shown on the drawings.  Splitters shall be fitted with nickel plated damper regulators in finished areas.  Splitters shall be factory fabricated in accordance with SMACNA Duct Construction Standards.

B. 
Flexible connections shall be provided between each fan unit and ductwork on supply side and also on return side.  Material shall be flexible fire-resistive material, minimum 4” wide, UL listed, with no metal to metal contact.

C. 
Duct supports for rectangular ducts shall be a minimum 1" X 18 gauge galvanized steel bands.  Hanger bands shall be bent under lower corners and secured with self-tapping screws at corners and six (6") inch intervals up the sides.  Distance between hangers shall be as recommended by SMACNA manual for low and medium ductwork. Ductwork shall be rigidly supported to prevent vibration.  Duct attachments to structure, lower hanger attachments, ducts traps and rods and trapeze angles shall be in accordance with SMACNA Low Pressure and High Pressure Duct Standards.

D. 
Where the ducts pass through walls, draftstops or partitions, the space shall be packed with non-combustible materials, filling all voids around duct.

E. 
Fire dampers with fusible links shall be installed at all points in ductwork where indicated on drawings, and/or as required by NFPA, 90-A, AND MECHANICAL CODE OF THE IBC.

F. 
Provide radius elbows unless specifically indicated otherwise or space prohibitive.  Rectangular radius elbows shall be factory fabricated with a centerline radius of not less than the width of the duct.  Round duct elbows shall have a minimum center line radius of 1-1/2 times the diameter of the duct and shall be smooth where possible.  Provide square elbows where indicated or space prohibits the use of radius elbows.  Square elbows shall be factory fabricated with double thickness airfoil turning vanes pre-assembled and securely attached to runners. 

G. 

In general, vertical risers and other duct runs, where the method of support specified above is not applicable, or not specifically detailed on drawings, shall be supported by substantial angle brackets designed to meet field conditions, installed to allow for duct expansion and approved by Architect.

H.

Provide exposed operators for operation of dampers and splitters in inaccessible ceilings, operators shall be chrome plated.

I.
Maximum duct leakage shall be +/- 5%, SMACNA Seal Class A.  Ductwork between VAV box and air-handling unit shall be designed for 4.0” static pressure.  Ductwork between VAV box and diffuser shall be designed for 2.0” static pressure.  Outside air, return air and exhaust air systems shall be designed for 2.0” static pressure.  Construct ductwork in accordance with SMACNA Duct Construction Standards for the specified pressure class.

J.
Install Automatic dampers, airflow stations and other duct mounted devices required to provide the air distribution of the design build documents. 

K.
Round and oval rigid duct, where exposed and/or noted on the drawings, shall be double wall and shall be constructed of perforated inner liner, a 1” layer of fiberglass insulation, and an outer pressure shell.  Ductwork shall be of spiral lockseam construction fabricated in accordance with ASTM-A527 Standards.  Seal all seams, joints, and wall penetrations with elastomeric tape.  Ductwork shall be paint grip galvanized steel.  Provide welded factory insulated register taps as indicated on the drawings.  Minimum steel gauges, hanger spacing, support sizes and attachments, and reinforcement shall be SMACNA Duct Construction Standards.  Insulate all register taps.

L.
Smoke dampers shall be UL 555S/UL555 combination fire/smoke damper with integral 120V actuator.  Dampers shall be automatic reset type.  Control and power wiring by Fire Alarm Contractor.

M.
Flanged gasketed exhaust and return ductwork will not be accepted.

2.2 
DIFFUSERS, GRILLES, REGISTERS AND LOUVERS
A.
All sizes shall be as required to meet the design requirements of ASHRAE 62 with respect to indoor air quality. Contractor shall provide calculations as required to verify the air diffusion and minimum flow rates meet those requirements. Space air quantities shown on the drawings are to be considered only as a guide for the design build contractor to use in their finalization of the air distribution design. 

B.
All outlets shall be balanced to obtain specific air quantities free of all objectional draft and          

   
Noises.

C. 
Diffusers, grilles and registers shall be of normal commercial grade.

D.
Insulate the back of all diffusers, grates and registers with ¾ closed cell rubber insulation.  

2.3
FIRE DAMPERS
Fire dampers shall be solid sheet curtain type, dynamic closure type corrosion resistant galvanized steel construction.  Dampers mounted in the horizontal position shall be closed by a stainless steel negate spring.  Damper to be easily reset through standard access panel for required periodic maintenance.  Access panels are required for access to all fire dampers, minimum size 12 X 12 inches.  Dampers shall be 100% out of air stream.  Provide fusible links rated at 160 degrees F.

2.4
ACCESS DOORS

Access doors shall be installed in ductwork wherever required for ready access to any operating part.  Doors shall not be smaller than 12 X 12 inches, with brass hinge and sash type fasteners.  Ducts 30” or larger shall be supplied with minimum 18 X 18 inch access doors.  Doors shall be double wall insulated type, hinged with sash locks and gaskets.

2.5
   PIPING AND FITTINGS (ABOVE GROUND INSIDE BUILDINGS)
A. 
Furnish and install all piping related to air conditioning systems including make-up water piping, air conditioning condensation drains, and other miscellaneous piping.

B. 
All piping shall be installed parallel and square with building lines and shall be sloped to permit drainage, with suitable provision for drainage at all low points.

C. 
Piping shall be arranged to maintain headroom and keep passageways clear and where necessary shall be offset to maintain the required clearance and conform with the structural features of the building.  Contractor shall determine in advance of construction locations for all piping sleeves, hangers, etc.  No allowance will be made for extra due to inaccurate location of sleeves, piping or equipment.

D. 
All piping shall have provisions for expansion and contraction with anchorage at each point shown on the plans and/or as required.

E. 
Full length pipe shall be used where possible, short lengths and couplings will not be permitted.  After cutting, all pipes shall be reamed out to full bore and before erection, all cutting and foreign matter shall be removed from the inside of pipes.  Screwed joints shall be made tight without caulking or the use of lead or paint and no lubricant shall be used except flake granite and cylinder oil paste, or approved pipe compound applied to make threaded pipe.

F. 
Pipe sleeves shall be provided for the passage of all pipe through walls, floors and partitions.

G. 
All condensate drain piping shall be installed using ASTM B88  type "L" hard drawn copper with wrought copper sweat fittings.  Changes in direction of piping shall be made with short turn tee pattern or 45 degree wye fittings with brass cleanout plug.  Insulate drain piping per Section 15250, minimum drain on fan coil units  –  3/4”, air handling units  –  1-1/4”.

H. 
Make-up water piping shall be installed using copper piping as specified for water piping.

I. 
Welding fittings shall be Tube Turn, Midwest, or approved equal.  Use welding elbows at all turns in welded piping, except where bent runs are indicated and except that turns and off-setting to a maximum of 15 degrees mitered.  At branch connections, either use welding tees or weld the branches directly into the mains.  Use extra heavy couplings in all cases where female threaded openings are required, in welding piping.

J.
Above ground condenser water piping, and chilled water piping, 2-1/2” and larger shall be installed using ASTM A53 Grade B Schedule 40 black steel pipe with malleable iron fittings.  At Contractor's option size three (3") inches and larger may be flanged or welded.  Welded elbows shall be factory made long radius.  Provide bronze unions at connections to copper coils.  Also, at Contractor's option all water piping, above ground, may be installed using grooved  mechanical pipe coupling and fittings, with grade "E" gaskets.  Piping 2” and smaller shall be ASTM B88 type “L” hard drawn copper with wrought copper sweat fittings.

K.
Install control valves, sensor wells, sockets, flow meters and DP sensors required by Section 15950.

L.
See Section 15900 for valves, fittings, unions, gaskets, bolts and nuts.

M.
See Section 15050 for hangers.

N.
Refrigerant piping shall be type “L” hard drawn copper wrought copper sweat type fittings and silfos solder.  Provide a catch-all liquid line strainer and a liquid line moisture indicator sight glass in each refrigerant circuit.  Strainer shall be installed in a three valve by-pass.  Completely evacuate system before providing refrigerant operating charge as recommended by equipment manufacturer.  Pipe sizes shall be as recommended by equipment manufacturer for installation shown.

O.
Insulate refrigerant suction piping per Section 15250

2.6
UNDERGROUND CHILLED WATER PIPING

A. 
Furnish a complete HDPE jacketed system of factory preinsulated steel piping for the underground chilled water service.  

 

B. Carrier pipe shall be steel ASTM A-53, Grade B., ERW (Type E) or seamless (Type S), standard weight for sizes 2" and larger, and shall be ASTM A-106/A-53, seamless, standard weight for sizes 1-1/2" and smaller (Std. Wt. is the same as Sch. 40 through 10").  When practical, piping shall be provided in 40-foot double-random lengths.  All carbon steel pipe shall have ends cut square and beveled for butt-welding.  Straight sections of factory insulated pipe shall have 6" of exposed pipe at each end for field joint fabrication.

C. Insulation shall be polyurethane foam either spray applied or high pressure injected with one shot into the annular space between carrier pipe and jacket.  Insulation shall be rigid, 90-95% closed cell polyurethane with a 2.0 to 3.0 pounds per cubic foot density and coefficient of thermal conductivity (K- Factor) of 0.14 and shall conform to ASTM C-591.  Maximum operating temperature shall not exceed 250°F.  Insulation thickness shall be as listed follows:



Pipe size



Ins. thickness





 Inches




     inches







           








less than 3  



         1.5 

   



                           4 to 6                           

                      2.0

                           8 to 12                                        
         2.5   


 D.
Jacketing material shall be extruded, black, high density polyethylene (HDPE), manufactured to be compatible with ASTM D-3350 (formerly D-1248) having a minimum wall thickness of 125 mils for jacket sizes less than 12", 150 mils for jacket sizes 12" – 24", and 175 mils for jacket sizes greater than 24".  The jacket shall meet the specifications listed below.

Specific Gravity (ASTM D792)                 0.941 MIN.

Tensile Strength (ASTM D638)
3100 psi min.

Elongation Ultimate (ASTM D638)
400% min.


Compressive Strength (ASTM D695)
2700 psi min.

Impact Strength (ASTMD256)
2.0 Ft.Lb/in 
North Min.

Rockwell Hardness (ASTM D785)
D60 (Shore) min.


E.
Moisture barrier end seals shall be factory applied, sealed to the jacket and carrier pipe.  End seals shall be certified as having passed a 20-foot head pressure test.  End seals shall be high temperature mastic completely sealing the exposed end of the insulation.  Field applied end seals shall be installed at any field cut to the piping before continuing with the installation.

 

F. 
Straight run joints shall be field-insulated per the manufacturer’s instructions, using polyurethane foam poured in an HDPE sleeve and sealed with a pressure sensitive polyethylene backed, rubberized bitumen adhesive tape, 30 mils thick or heat shrink wrap.  All joint closures and insulation shall occur at straight sections of pipe.

 

G. 
Fittings shall be factory prefabricated and preinsulated fittings with polyurethane foam to the thickness specified and jacketed with a one piece seamless molded HDPE fitting cover, a butt fusion welded, or an extrusion welded and mitered HDPE jacket.  Carrier pipe fittings shall be butt-welded, except sizes smaller than 2" shall be socket-welded.  Fittings include expansion loops, elbows, tees, reducers and anchors.  Elbows, loops, offsets, or any other direction changes shall conform to the standards set by ANSI B31.1, Code for Power Piping.
 
H. 
Expansion/contraction compensation shall be accomplished utilizing factory prefabricated and preinsulated expansion elbows, Z-bends, expansion loops and anchors specifically designed for the intended application.  External expansion compensation utilizing flexible expansion pads (minimum one inch thickness), extending on either side, both inside and outside the radius of the fittings shall be used with all fittings having expansion in excess of 1/2".

I. 
Prefabricated systems shall be provided as SC (standard components) fittings and factory insulated straight pipe sections for field engineering per the contract drawings.  System can be prefabricated/pre-engineered or field fabricated with fittings insulated with kits provided by the system manufacturer.

 

J.  
Underground systems shall be buried in a trench not less than two (2) feet deeper than the top of the pipe and not less than eighteen inches wider than the combined O.D. of all piping systems.  A minimum thickness of 24 inches of compacted backfill placed over the top of the pipe will meet H-20 highway loading. Trench bottom shall have a minimum of 6" of sand, pea gravel, or approved backfill material as a cushion for the piping.  All field cutting of the pipe shall be performed in accordance with the manufacturer’s installation instructions.













K.
A hydrostatic pressure test of the carrier pipe shall be performed with a factory recommendation of one and one-half times the normal system operating pressure for not less than two hours.  Care shall be taken to insure all trapped air is removed from the system prior to the test. 

 

L.
Field Service shall be provided by a certified manufacturer’s representative or company field service technician.  The technician shall be available at the job a minimum of five days to check unloading, storing, and handling of pipe, pipe installation, pressure testing, field joint insulation and backfilling techniques.

2.7
PIPING AND PIPING IDENTIFICATION

All piping at each piece of equipment shall be stencil to show the service and direction of flow.  Stencils shall be black on a white background with letters one (1") inch high spaced at approximately forty-eight (48") inches apart by equipment or 10 foot intervals along piping runs..  Pressure-sensitive pipe markers ANSI Standard A 13.1 may be used in lieu of stenciling.

2.8  
  EXHAUST FANS AND OUTSIDE AIR INTAKES

A. Size and quantity shall be provided as required to meet the design requirements.

B.
All roof exhaust fans and roof outside air intakes shall be provided with factory 

    
prefabricated curbs.

2.9
WATER TREATMENT

A.
This Contractor shall furnish and install all piping connections, taps and shut off valves to accommodate all the  furnished equipment and piping.  Contractor shall certify piping is clean and free of air prior to opening to campus piping.  This contractor shall coordinate all requirements for the Owner’s evaluation. See Section 15840 for system requirements.

B.
Contractor shall completely flush piping systems to remove all oil, film and welding slag.  

2.10  
 VAV TERMINAL UNITS

A.
Unit performance data must be Rated in Accordance with ARI Standard 880, and must display the ARI Symbol on all standard units.  If a manufacturer does not participate in the ARI Certification program, specified equipment must be witnessed by an ARI certified testing laboratory to meet the criteria of the specification, including intended radiated NC, in an equipment mockup.  Mockup must be similar to construction and operating conditions of this project.  Re-heat terminals shall be U.L. Listed as a room air terminal.  All units shall have capacities as required to meet design requirements.

B.
Units shall be completely factory assembled, manufactured of corrosion protected welded steel, and fabricated with a minimum of 18-gauge metal on the high pressure (inlet) side of the VAV damper and 22-gauge metal on the low pressure (outlet) side and unit casing.  

C. 
Interior surface of unit casing acoustically and thermally lined with a minimum of 1/2 inch, R-Value 2.1 - 1.9 lb./cu.ft. density glass fiber with foil facing.  Insulation shall be UL listed and meet NFPA-90A and UL 181 and Bacteriological Standard ASTM C-665 requirements.  The cut edges on the discharge of the unit shall be covered by a metal flange.  All exposed edges shall be sealed to prevent fibers in the air stream.

D.
Air volume damper, and controls in single cabinet.  Air volume control damper shall be factory installed and calibrated consisting of air value with integral actuator.  Unit discharge shall have a flange duct connection.

E. 
Locate air volume damper assembly inside unit casing.  Construct from extruded aluminum or a minimum of 20 gauge (0.9 mm) galvanized steel components.  Flow sensor must be provided regardless of control chosen.  Air volume control damper shall be factory calibrated assembly consisting of air modulation damper and extension for connection to control actuator.  All actuator linkage shall be protected by a sheet metal enclosure.

F.
Terminals shall include an integral electric heating coil as required to meet design requirements. Coil shall be furnished with all controls necessary for safe and complete operation.  Terminal shall have a single point power supply. 

G. 
Controls shall be supplied by the control contractor but mounted on VAV units by equipment manufacturer.  Mount electrical components in control box with removable cover.  Incorporate single point electrical connection to power source.  Provide terminal strip in control box for field wiring of thermostat.  

H. 
Controls shall be as required in Section 15950.

 I. 
Factory set and check all analog electronic controllers to within 5% of scheduled maximum and minimum setting.  Base performance on tests conducted in accordance with ARI 880.  Maximum Casing Leakage:  1 percent of nominal air flow at 0.5 in wg inlet static pressure.  Maximum damper Leakage:  1 percent of design air flow at 4 in wg inlet static pressure.

J. 
Reset volume with damper operator attached to assembly allowing flow range modulation from 100 percent of design air flow to 30 percent nominal air flow.  Set units with heating coils for minimum 50 percent full flow.

K. 
Identify each terminal unit with clearly marked identification label and air flow indicator.  Label shall include unit nominal air flow, maximum factory set air flow and minimum factory set air flow.

2.11
AIR HANDLING UNITS

A.
Air Handling Units shall be modular, double wall, type as. Units shall have the capacities and requirements as required to meet design requirements. Units shall be tested and rated in accordance with ARI  standard 430 and shall be ETL listed. Units shall be Installed in accordance with manufacturer’s instructions. Units shall not be operated for any purpose, temporary or permanent, until ductwork is clean, filters are in place, bearings lubricated, and fan has been test run under observation.

B.
Unit casing shall be fabricated of 16 gauge channel posts and removable panels assembled with mechanical fasteners and a galvanized steel finish. Assemble sections with high compression gasketing between each frame member and unit panel or door to prevent thermal bridging from interior to exterior of unit. Outside casing shall consist of 18 gauge, G90 galvanized steel . Internal lining for all sections shall be constructed of 20 gauge, solid G90 galvanized steel. Insulation shall be foam injected. Fiberglass bat insulation will not be accepted. Entire unit shall have a 6 inch full perimeter base rail for structural rigidity and condensate trapping. The following calculation shall determine the required height of the base rail to allow for adequate drainage. Use the largest pressure to determine base rail height. [(Negative)(Positive) static pressure (in)] (2) + 4” = required baserail height. Should the unit baserail not be factory supplied at this height, the contractor is required to supply a concrete housekeeping pad to make up the difference.

C.
Module to module assembly shall be accomplished with an overlapping, full perimeter internal splice joint that is sealed with bulb type gasketing on both mating modules to minimize on-site labor along with meeting indoor air quality standards. Unit casing leak rate shall not exceed 0.5 cfm per square foot of cabinet area at 5” static pressure in order to meet efficiency and indoor air quality standards.

D.
Access Doors shall be made of galvanized steel, flush mounted to cabinetry, with minimum of two six inch long stainless steel piano-type hinges,  latch and full size handle assembly.  Plastic hinges and latches will not be acceptable. Door shall swing outward. 

E.
Drain pans shall be constructed, from 304 stainless steel, with cross break and double sloping pitch to drain connection.  Provide drain pans under entire cooling coil section.  Drain connection centerline shall be a minimum of 3” above the base rail to aid in proper condensate trapping. Drain connections that protrude from the base rail are not acceptable.  Drain Pans shall extend a minimum of 12 inches past the cooling coil.

F.
Supply fan shall be SWSI plug fan (direct drive when possible) or DWDI class 2 air foil. Fan assemblies including fan, motor and sheaves shall be dynamically balanced by the manufacturer on all three planes and at all bearing supports. Manufacturer shall ensure maximum fan RPM is below the first critical speed. Bearings shall be self-aligning, grease lubricated, ball or roller bearings with extended copper lubrication lines to access side of unit. Grease fittings shall be attached to the fan base assembly near access door. If not supplied at the factory, contractor shall mount copper lube lines in the field. Fan and motor shall be mounted internally on a steel base.  Motor shall be mounted on slide base that can be slid out the side of unit.  Provide access to motor, drive, and bearings through hinged access door.  Fan and motor assembly shall be mounted on 2" deflection spring vibration type isolators inside cabinetry. Bearings shall be basic load rating computed in accordance with AFBMA - ANSI Standards, L-50 life at 200,000 hours, heavy duty pillow block type, self-aligning, grease-lubricated ball bearings. Shafts shall be solid, hot rolled steel, ground and polished, keyed to shaft, and protectively coated with lubricating oil. Hollow shafts are not acceptable. V-Belt drives shall be cast iron or steel sheaves, dynamically balanced, bored to fit shafts and keyed. Variable and adjustable pitch sheaves selected so required RPM is obtained with sheaves set at mid-position and rated based on motor horsepower. Contractor shall furnish fixed sheaves at final RPM as determined by balancing contractor. Minimum of 2 belts shall be provided on all fans with 10 HP motors and above. Motors shall be ODP type with premium efficiency with Electrical characteristics as shown in schedule on drawings.

G.
Coils shall have access from connection side of unit for service and cleaning.  Coil headers and return bends shall be fully enclosed within unit casing.  Unit shall be provided with coil connections that extend a minimum of 5” beyond unit casing for ease of installation.  Drain and vent connections shall be provided exterior to unit casing.  Coil connections shall be factory sealed with grommets on interior and exterior and gasket sleeve between outer wall and liner where each pipe extends through the unit casing to minimize air leakage and condensation inside panel assembly. If not factory provided Contractor shall supply all coil connection grommets and sleeves. Coils shall be removable through side and/or top panels of unit without the need to remove and disassemble the entire section from the unit. Certify air coil capacities, pressure drops, and selection procedures in accordance with ARI 410.

H.
CFC REFRIGERANTS SHALL NOT BE USED IN THE  REFRIGERANT CIRCUITS.  Fins shall have a minimum thickness of 0.0075”  with full drawn collars to provide a continuous surface cover over the entire tube for maximum heat transfer.  Tubes shall be mechanically expanded into the fins to provide a continuous primary-to-secondary compression bond over the entire finned length for maximum heat transfer rates.  Bare copper tube shall not be visible between fins. Refrigerant coils shall be provided with round seamless 5/8” O.D. copper tubes on 1-1/2”  centers, staggered in the direction of airflow.  All joints shall be brazed. Sweat type copper suction connections shall be located at the bottom of the suction headers for gravity oil drainage.  Coils shall be uniformly circuited in a counterflow manner to control capacity reduction.  Pressure type liquid distributors used.   Coils shall be ARI certified and Underwriters Laboratories, Inc. listed. 

I.
Water Coils shall have fins with a minimum thickness of .0075” of aluminum plate construction. Fins shall have full drawn collars to provide a continuous surface cover over the entire tube for maximum heat transfer. Tubes shall be constructed of 5/8” OD seamless copper mechanically expanded into the fins to provide a continuous primary to secondary compression bond over the entire finned length for maximum heat transfer rates.  Bare copper tubes shall not be visible between fins. Water coils shall be provided with round seamless 5/8” OD copper  .020” nominal tube wall thickness, expanded into fins with  all joints brazed. Water coils shall be provided with headers of seamless copper tubing with intruded tube holes that permit expansion and contraction without creating undue stress or strain. The casing shall be formed channel frame of  stainless steel. Coil connections shall be carbon steel with size provided by manufacturer based upon the most efficient coil circuiting. Coil vents and drains shall be provided on the coil connection outside the unit casing. Vent connections shall be provided at the highest point to assure proper venting.  Drain connections shall be provided at the lowest point to insure drainage and prevent freeze-up.

 J.
Mixing box section shall be provided with or without factory mounted outside air and return air dampers. Dampers shall be low leak rated, and made of galvanized steel in a galvanized frame. Dampers shall have hollow core airfoil blades, fully gasketed and have continuous vinyl seals between the damper blades. Stainless steel jamb seals shall be provided along the end of dampers. Linkage shall be provided when return air and outside air dampers are sized for full airflow. Return air and outside air dampers of different sizes shall not be linked together. The outside air and return air damper leakage rate shall be less than two tenths of one percent leakage at 2 inches static pressure differential. The leakage rate shall be tested in accordance with AMCA Standard 500.

K.
The filter section shall include filter racks, and hinged and latching access doors on either, or both sides of the section for side loading and removal of filters. Angular filter arrangements shall be provided with 2 inch deep MERV 8 disposable panel filters. Filter media is U.L. Class 2, and tested according to U.L. Standard 900.

with AMCA Standard 500.

2.12
 PUMPS (END SUCTION)

A.
These pumps shall be horizontal flexible-coupled end suction with capacities as required to meet the design requirements.

B.
The pump shall be constructed of the following materials:

Casing........................Cast Iron (ASTM A48)

Impeller......................Bronze (ASTM B584)

Shaft.........................Steel (AISI C1045)

Case Wear Ring................Bronze (ASTM B62)

Shaft Sleeve..................Bronze (ASTM B62)

Base Suction Elbow............Cast Iron (ASTM A48)

C.
The casing shall be of the end suction design with tangential discharge outlet.  For suction piping diameters of 2" or less and discharge piping diameters of 1.5" or less, the suction and discharge connections shall be NPT threaded.  For suction piping diameters of 2" or greater, the suction inlet shall be a flat-faced flange connection and the discharge outlet shall be a bolt through flange connection.  Flange connections shall be ANSI 125 PSI rated.  The casing shall have tapped and plugged holes for priming and draining.  The casing bore shall be large enough to allow "back pullout" of the impeller without disturbing the casing or suction and discharge piping.  The casing shall be supported by the power frame.

D.
The impeller shall be of the enclosed type, vacuum cast in one piece.  It shall be finished all over, the exterior being turned and the interior being finished smooth and cleaned of all burrs, trimmings, and irregularities.  The impeller shall be dynamically balanced.  The impeller will be keyed to the shaft, and fastened with a washer, gasket and cap screw.

E. 
The pump casing shall be fitted with a case wear ring to minimize abrasive and corrosive wear to the casing.  The case wear ring shall be of the radial type, press fitted into the casing.

F. 
The stuffing box shall be integrally cast with a mounting bracket, and shall provide an adequate area for internal recirculation of the pumped fluid around the sealing medium.

G. 
Shaft sealing shall be accomplished by means of a mechanical seal with a Ni-Resist seat, carbon washer, Buna-N elastomers, and stainless steel metal parts.

H. 
The impeller shall be direct-coupled to the motor shaft.  The motor shaft shall be machined to provide a keyway, and drilled and tapped to accept the impeller fastener.  Stub shafts are not acceptable.  The outboard shaft extension shall be machined with a keyway to accept a coupling to the driving unit.  Water slingers shall be furnished on both the inboard and outboard shaft extensions.

I.  
The pump shaft shall be fitted with a shaft sleeve to minimize shaft wear.  The sleeve shall be sealed to the impeller hub by an 0-ring, and shall be positively driven by a pin to the keyway.  The use of adhesive compounds to fasten the sleeve to the shaft shall not be accepted.

J. 
The power frame shall house a single-row outboard regreaseable thrust bearing.  Both bearings shall be selected for a 3 year minimum life at maximum load.  The outboard bearing shall be locked in place by a retaining ring.  The inboard bearing shall not be locked in order to accommodate thermal expansion of the shaft.  Lubrication fittings shall be provided in convenient location.  A bearing cartridge end cap shall be provided on the outboard side of the power frame to allow inspection and replacement of the thrust bearing without the need for disassembling the power frame housing.

K. 
The pump unit shall be supported from beneath the mounting bracket and the power frame by mounting feet.

L. 
The pump and motor shall be mounted on a groutable formed steel baseplate with integral drip channels incorporated on each side.  Each channel shall include an NPT drain connection and plug.  The base shall be sufficiently rigid to support the pump and the motor without the use of additional supports or members.

M. 
A flexible coupling shall be provided to connect the pump shaft to the motor shaft.  The coupling shall be of an all metal type with a flexible rubber insert.  The entire rotating coupling element shall be enclosed by a coupling guard.

N. 
The motor shall be a NEMA-JM configuration in accordance with the latest NEMA Standards.

O. 
Each motor shall have a sufficient horsepower rating to operate the pump at any point on the pump's head-capacity curve without overloading the nameplate horsepower rating of the motor, regardless of service factor.  The motor shall have a service factor of at least 1.15.  The service factor is reserved for variations in voltage and frequency.

P. 
The pumping units shall be installed in accordance with the instructions of the manufacturer and as shown on the drawings by the Contractor. Installation shall include furnishing the required oil and grease for initial operation.  The grades of oil and grease shall be in accordance with the manufacturer's recommendations.

Q.
All new chilled and heating piping in the building water systems shall be thoroughly cleaned and free of debris, dirt, sand and other impurities. After flushing the system, and after the completion of the insulation of the pumps, valves, pipe and fittings as specified in Section 15250, start-up of the pumping system can commence.  After all adjustments have been completed, the owner and/or his representatives will receive a thorough demonstration of the system operation and will receive training in the operation and adjustment of all components. System manufacturer or his representative shall provide startup, adjustment and training of owner’s personnel on the operation and maintenance of the packaged pumping system.

2.13
 PUMPS (VERTICLE INLINE)

A. Each pump shall be a centrifugal vertical close-coupled pump, with capacities as required to meet the design requirements.

B.      Materials of Construction


Casing........................Cast Iron (ASTM A48)


Impeller......................Bronze (ASTM B584)


Shaft.........................Steel (AISI C1045)


Case Wear Ring................Bronze (ASTM B62)


Shaft Sleeve..................Bronze (ASTM B62)


Base Suction Elbow............Cast Iron (ASTM A48)

C.
The casing will be of the end suction design with tangential discharge outlet.  The casing shall have tapped and plugged holes for priming and draining.  The casing bore shall be large enough to allow "back pullout" of the impeller without disturbing the casing or suction and discharge piping.  The casing shall be supported by the driving unit.

D.
The impeller shall be of the enclosed type, vacuum cast in one piece.  It shall be finished all over, the exterior being turned and the interior being finished smooth and cleaned of all burrs, trimmings, and irregularities.  The impeller shall be dynamically balanced.  The impeller will be keyed to the shaft, and fastened with a washer, gasket and capscrew.  

E.   
The pump casing shall be fitted with a case wear ring to minimize abrasive and corrosive wear to the casing.  The case wear ring shall be of the radial type, press fitted into the casing.  

F.
The stuffing box shall be integrally cast with a mounting bracket.  Flushing of the seal chamber shall be accomplished by means of an external line with fittings between the stuffing box and pump casing.  

G.
Shaft sealing shall be accomplished by means of a mechanical seal with a Ni-Resist seat, carbon washer, Buna-N elastomers, and stainless steel metal parts.  

H.
The impeller shall be direct-coupled to the motor shaft.  The motor shaft shall be machined to provide a keyway, and drilled and tapped to accept the impeller fastener.  Stub shafts are not acceptable.    

I.
The pump shaft shall be fitted with a shaft sleeve to minimize shaft wear. The sleeve shall be sealed to the impeller hub by an O-ring, and shall be positively driven by a pin to the keyway.  The use of adhesive compounds to fasten the sleeve to the shaft shall not be accepted.  

J.
The pump and motor unit shall be mounted vertically to a combination base and suction elbow.  The base shall be rigid, milled flat and have anchor bolt mounting holes provided.  The suction inlet flange and casing mounting flange will be 125# ANSI rated flanges.

K.  
The motor shall be a NEMA-JM weatherproof TEFC configuration in accordance with the latest NEMA Standards. 

L.
Motor shall have a sufficient horsepower rating to operate the pump at any point on the pump's head-capacity curve without overloading the nameplate horsepower rating of the motor, regardless of service factor.  The motor shall have a service factor of at least 1.15.  The service factor is reserved for variations in voltage and frequency.  

M.
Each centrifugal pump furnished under these specifications shall be tested at the factory to verify individual performance (VIP).  Certified copies of all test reports shall be submitted to the Engineer for approval prior to shipment.  Each unit shall be hydrostatically tested in accordance with the Hydraulic Institute Standards.    

N.
The pumping units shall be installed in accordance with the instructions of the manufacturer and as shown on the drawings by the Contractor. Installation shall include furnishing the required oil and grease for initial operation. The grades of oil and grease shall be in accordance with the manufacturer's recommendations.

2.14
MOTOR STARTERS

A. 
This Contractor shall provide motor starters for all motors furnished under this section.

B. 
Starters shall be NEMA ICS 2, AC general-purpose Class A magnetic controllers for induction motors rated in horsepower.  Size shall be as for the motors connected.  Two-speed starters with time delay relays shall be used for two-speed motors.  All motors over 25 HP shall use solid state reduced voltage starters.

C. 
Coils shall have the operating voltage required for the motors connected.  Coils shall be of the encapsulated type with the required poles.

D. 
Windings shall be straight-through type with all terminals clearly marked.

E. 
Overload relays shall be NEMA ISC with one piece thermal unit construction, and shall be interchangeable.  Overload relay control circuit contacts shall also be replaceable.  Thermal units shall be required for starter to operate.  Starters shall have phase loss, phase reversal, three phase, under-voltage relay motor protection.

F.
Starters shall have HOA, located in the cover.  Starters shall also have a 150VA control transformer and auxiliary contacts as required for controls.  Coordinate these with the requirements of the building automation system, Section 15950.

G. 
Starter enclosures shall be ANSI/NEMA ICSG, type 1 or 3R as required to meet conditions of installation.

2.15 
 VIBRATION ISOLATION SYSTEMS

A.
Work shall include furnishing, installing and testing all material required and hereinafter called for complete execution of the vibration isolation system.  Isolation materials shall not be limited to compressors, convertors, air units, pumps, piping, duct work, fans, etc.  All motor-connected equipment shall be considered a source of vibration and shall be isolated to prevent vibration and sound transmission.  Isolation equipment, as manufactured by Kinetics, Mason Industries or prior approval equal, shall be used.  Specific reference to isolation under equipment headings is to provide additional information by which proper selection of the required isolation may be made.  Equipment specification data showing physical size, bearing points, weights per point, rotating speeds and sound power levels generated shall be furnished by the respective equipment supplier to the vibration isolation supplier after equipment submittals have been approved.

B. 
All mechanical and sound isolation materials specified herein or shown on drawings shall be provided by a single manufacturer to assure singular responsibility for proper selection, application, installation and performance.  Substitution for isolation material specified incorporating non-permanent materials, such as cork, rubber, wood pulp, or thermal fiberglass will not be acceptable.  Should no specific material be called out for particular use, all mechanical vibration isolation shall be based upon Chapter 46, 1999 A.S.H.R.A.E. Guide-Table 45, "Guide for Selection of Vibration Isolators".  Bases, mounts and hangers furnished shall have a nominal deflection equal to the minimum deflection as shown in this guide and shall be furnished on all motor driven equipment requiring isolation as well as piping and duct connected to same.

C. 
To assure stability, the spring element to be a large diameter laterally stable spring with load plate and have a lateral stiffness greater than 0.8 times the rated vertical stiffness and be designed to provide up to 50% overload capacity.  Each base mount spring shall have a 1" isolation sound pad of elasomeric material.

D. 
Isolation shall be stable during starting and stopping of equipment without any transverse or eccentric movement that could damage or adversely affect the equipment or attachments.  Isolation systems for floor or ceiling-mounted equipment shall have a maximum lateral motion under start up and shut down of 3/8".  Motion in excess shall be corrected by restrained spring-type mounts.  Isolators shall be selected for the lowest operating speed of the equipment isolated and shall be located to produce uniform loading and deflection even when equipment weight is not evenly distributed.  Static deflection on grade up to 3/8" shall use nominal 1" deflection springs on isolation pads.  Static deflection above grade shall use spring isolators with spring deflection based upon 1999 Guide Deflection data.  The static deflection of the isolation system shall be selected to avoid being in resonance with the disturbing frequency.  All spring isolators shall have neoprene sound damping pads separating isolator from structure.

E.  
Submittals shall contain a complete schedule of all equipment to be isolated along with the type of isolator, loading per isolator, static deflection, spring diameters and maximum deflection.  Should isolation installed fail to perform satisfactorily in preventing the transmission of vibration, the isolation shall be replaced without cost to owner and properly selected isolators shall be installed.

F. 
Chilled, domestic and condensed water pump bases shall consist of a concrete slab cast into a prefabricated inertia base frame assembly designed and supplied by the isolation materials supplier such as CPF inertia base.  Frames shall be welded steel channels with a depth greater than 8% of the longest span between isolators, a minimum of 6" thick or as indicated on the drawings, and shall include 1/2" steel re-enforcing rods on maximum 8" centers each way.  Prelocated equipment anchor bolts shall be included.  Spring isolator support brackets shall be welded at the corners of the perimeter channel frame with 1/2" reinforcing rods welded 1-1/2" above bottom of bracket running continuously in two directions between all isolator brackets.  Inertia bases used to support horizontally split case pumps shall be wide enough to support pipe elbows and may be rectangular or "T" shaped at manufacturers option.

G. 
Vertically hung air handling units and fans shall be isolated with large diameter laterally stable steel spring in series with a molded neoprene insert, assembled into a stamped or welded hanger bracket with load transfer plates for both the spring and neoprene insert.  Hangers to allow a support rod misalignment thru a 30 degree arc.  Mason Model 30N or Kinetics Model SFH.

H.  
All piping over 1" in diameter and connected to motor-driven equipment shall be spring hung for a minimum of 3 hangers in each direction.  The spring deflection for the hanger shall be the same as the spring deflection for the equipment isolated.  Mason Model 30N or Kinetics Model SFH.

I. 
Duct Work - All supply duct work shall be hung on neoprene or spring hangers for a minimum of 3 hangers from air handling unit to prevent the transmission of duct vibration into the structure. Mason Model 30N or Model HD or Kinetics Model SFH or Model RH.

2.16
 CHILLERS

A.
Provide and install as shown on the plans factory-assembled, factory charged, and factory run-tested water-cooled Centrifugal Liquid Chilling Units.  Each unit shall be complete with a single-stage hermetic centrifugal compressor with lubrication and control system, factory mounted starter, evaporator, condenser, refrigerant control device and any other components necessary for a complete and operable chiller package. Each  unit shall produce a minimum capacity of 300  tons, cooling 720GPM from 52 °F to 42 °F when supplied with 900 GPM of condenser water at 85 °F. Power input shall not exceed .647 kW/ton with an IPLV (APLV) of .393. The evaporator shall be selected for fouling .00010 factor and a maximum liquid pressure drop of 13.0 ft. Water side shall be designed for 150 PSIG working pressure. The condenser shall be selected for .00025 fouling factor and maximum liquid pressure drop of 9.9 ft. Waterside shall be designed for 150 PSIG working pres sure. Each chiller shall be capable of stable operation to ten percent of full load with standard ARI entering condensing water relief without the use of hot gas bypass. Sound pressure levels for the complete unit shall not exceed the following specified levels.  Provide the necessary acoustic treatment to chillers as required.  Sound data shall be measured according to ARI Standard 575-87.  Data shall be in dB.  Data shall be the highest levels recorded at all load points.  Test shall be in accordance with ARI Standard 575.

Octave Band

63
125
250
500
1000
2000
4000
8000
dba


69
    67
69
70
  74
 77
          77      73
 82.5

Chillers shall comply with the following codes and standards

ARI 550/590

ANSI/ASHRAE 15

NEC 

OSHA as adopted by the State

ASME Section VIII

B.
Compressor: 

1. Unit shall have a single-stage hermetic centrifugal compressor.  Casing design shall ensure major wearing parts, main bearings, and thrust bearings are accessible for maintenance and replacement.  The lubrication system shall protect machine during coast down period resulting from a loss of electrical power. 

2. The impeller shall be statically and dynamically balanced.  The compressor shall be vibration tested and not exceed a level of 0.14 IPS.  

3. Movable inlet guide vanes actuated by an internal oil pressure driven piston shall accomplish unloading. Compressors using an unloading system that requires penetrations through the compressor housing or linkages are acceptable provided that the Manufacturer provides a Five year extended parts and labor warranty on the entire unit including shaft seals. If the compressor is not equipped with guide vanes for each stage and movable discharge diffusers, then the Manufacturer shall furnish hot gas bypass and the chillers shall be selected at 5% lower kW/ton than specified to compensate for bypass inefficiency at low loads.

4.
The compressor shall have an independent lubrication system to provide lubrication to all parts requiring oil.  Provide a heater in the oil sump to maintain oil at sufficient temperature to minimize affinity of refrigerant, and a thermostatically controlled water-cooled oil cooler.    A positive displacement oil pump shall be powered through the unit control transformer.

C.
Refrigerant Evaporator and Condenser:

1. Evaporator and condenser shall be of the shell-and-tube type, designed, constructed, tested and stamped according to the requirements of the ASME Code, Section VIII.  Regardless of the operating pressure, the refrigerant side of each vessel shall bear the ASME stamp indicating compliance with the code and indicating a test pressure of 1.1 times the working pressure, but not less than 100 psig.  Provide intermediate tube supports at a maximum of 24 inch spacing.

2. Tubes shall be enhanced for maximum heat transfer, rolled into steel tube sheets and sealed. The tubes shall be individually replaceable.

3. Provide isolation valves and sufficient volume to hold the full refrigerant charge in the condenser or provide a separate pump out system with storage tank..

4. The water sides shall be designed for a minimum of 150 psi or as specified elsewhere.  Vents and drains shall be provided.

5. Evaporator minimum refrigerant temperature shall be 33(F.

6. An electronic or thermal refrigerant expansion valve shall control refrigerant flow to the evaporator.  Fixed orifice devices or float controls with hot gas bypass are not acceptable. The liquid line shall have a moisture indicating sight glass.

7. The evaporator and condenser shall be separate shells.  A single shell containing both vessel functions is not acceptable.

8.  Reseating type spring loaded pressure relief valves according to ASHRAE-15 safety code shall be furnished.  The evaporator shall be provided with single or multiple valves.  The condenser shall be provided with dual relief valves equipped with a transfer valve so one valve can be removed for testing or replacement without loss of refrigerant or removal of refrigerant from the vessel.  Rupture disks are not acceptable.

9. The evaporator, suction line, and any other component or part of a component subject to condensing moisture shall be insulated with UL recognized 3/4 inch closed cell insulation.  All joints and seams shall be carefully sealed to form a vapor barrier.

10. Provide factory mounted water flow sensors  on each vessel to prevent unit operation with no flow.  

D.
The Prime Mover shall be a squirrel cage induction motor of the hermetic type of sufficient size to efficiently fulfill compressor horsepower requirements.  Motor shall be liquid refrigerant cooled with internal thermal overload protection devices embedded in the winding of each phase.  Motor shall be compatible with the starting method specified hereinafter.  Open drive motors are not acceptable.

F.
The chiller shall be equipped with a Variable Frequency Drive (VFD) to automatically regulate compressor speed in response to cooling load and compressor pressure lift.  The chiller control shall coordinate compressor speed and guide vane position to optimize chiller efficiency.  

1. A digital regulator shall provide V/Hz control.

2. The VFD shall have 110% continuous overload of continuous amp rating with no time limit, PWM (pulse width modulated) output, IGBT (insulated gate bipolar transistors) power technology, full power rating at 2kHz, DC bus inductor (choke), and wireless construction.

3. Units 273 amps and below shall be air-cooled, units above 274 amps shall be water-cooled.  All heat producing devices shall be contained in a single heat sink with single inlet and out connections for the connection of chilled water.  When factory mounted, on the chiller package, the water connections shall be piped and leak tested at the factory.
4.
The following minimum Standard Components shall be provided

a.
Mechanical type solderless connectors to handle wire sizes indicated by the NEC.

b.
Three isolated vertical line contactors.
c.
Three-pole, gang operated non-load break isolating switch.
d.
Three vertically mounted current limiting power fuse blocks (fuses included).
e.
Magnetic three-pole, vacuum break contactor.
f.
Single phase control circuit transformer

g.
Vertically mounted control circuit primary current limiting fuses.
h.
Current transformers

i.
Load terminals

j.
Control circuit terminal blocks and secondary fuses

k.
Phase failure and reversal relay

G.
Base unit/compressor control shall be done through a 4-by-20-character display to view system parameters, denote alarms and input setpoints. In conjunction with the standalone base unit controller, the chiller manufacturer shall supply a redundant, state-of-the-art Operator Workstation, complete with super VGA color touchscreen monitor, keyboard and USB port. The operator workstation shall have inherent trend logging capabilities, which are transferable to other PC management systems such as an Excel spreadsheet via a USB port.  Active trend logging data shall be available for viewing in 20 minute, 2 hour or 8 hour intervals.  A full 24 hours of history shall be downloadable via a USB port.  The following trended parameters shall be displayed:

1.
Entering and leaving chilled water temps

2.
Entering and leaving condenser water temps

3.
Evaporator saturated refrigerant pressure

4.
Condenser saturated refrigerant pressure

5.
Net oil pressure

6.
% rated load amps

In addition to the trended items above, other real-time operating parameters shall be also shown on the touch screen.  These items shall be displayed in two ways: by chiller graphic showing each component or from a color-coded, bar chart format. At a minimum, the following critical areas must be monitored:

1.
Oil sump temperature

2.
Oil feed line temperature

3.
Evaporator saturated refrigerant temperature

4.
Suction temperature

5.
Condenser saturated refrigerant temperature

6.
Discharge temperature

7.
Liquid line temperature

Complete unit operating instructions shall be viewable on the touch screen and shall be downloadable via an onboard USB port. Complete fault history shall be displayed using an easy to decipher, color coded set of messages that are date and time stamped.  The last 20 faults shall be downloadable from the USB port. Automatic corrective action to reduce unnecessary cycling shall be accomplished through pre-emptive control of low evaporator or high discharge pressure conditions to keep the unit operating through ancillary transient conditions.
H.
Install each chiller in according to manufacturer’s requirements, shop drawings, and Contract Documents. Adjust chiller alignment on concrete foundations, sole plates or subbases. Arrange the piping on each vessel to allow for dismantling the pipe to permit head removal and tube cleaning. Furnish and install necessary auxiliary water piping for oil cooler. Coordinate electrical installation with electrical contractor. Coordinate controls with control contractor. Provide all materiel required to ensure a fully operational and functional chiller.

I.
Provide Factory Start-Up Services for as long a time as is necessary to ensure proper operation of the unit, but in no case for less than two full working days.  During the period of start-up, the Start-up Technician shall instruct the Owner’s representative in proper care and operation of the unit. 

J.
The refrigeration equipment manufacturer’s warranty shall be for a period of one year from date of equipment start up.  The warranty shall include parts labor and refrigerant costs for the repair or replacement of defects in material or workmanship.   

2.17
COOLING TOWERS

A.
Furnish and install factory-assembled, induced-draft, crossflow, cooling towers with vertical air discharge.  Counterflow design cooling towers are not acceptable.

B.
Each cooling tower shall be guaranteed by the manufacturer to cool the quantity of water to meet the chiller design capacities, of water per cell, from 95°F to 85°F at 80°F entering wet bulb temperature. Additionally, the performance shall be certified by the Cooling Technology Institute in accordance with CTI Certification Standard STD-201 or, lacking such certification, a field acceptance test shall be conducted within the warranty period in accordance with CTI Acceptance Test Code ATC-105, by a CTI-accredited independent testing agency.

C.
All steel panels and structural members, shall be constructed of type 304 stainless steel. All factory seams in the cold water basin shall be welded, leak tested at the factory to ensure watertight assembly and shall be warranted against leaks for five years. Casing panels and air inlet louvers shall be corrugated fiberglass-reinforced polyester (FRP).

D.
All components of units provided, including fan motor, drive system, bearings, structure, fans, fan shafts, bearings, mechanical equipment support, etc., shall be warranted by the manufacturer for a period of not less than five (5) years from the date of start-up/installation.

E.
The cold water basin shall be constructed of welded type 304 stainless steel. Basin shall include a depressed center section with drain/clean-out connection. Standard accessories shall include large-area, lift-out steel strainers with perforated openings sized smaller than water distribution nozzle orifices; an integral anti-vortexing hood to prevent air entrainment; and brass makeup valve with large diameter plastic float, arranged for easy adjustment. All factory seams in the cold water basin shall be welded, leak tested at the factory to ensure watertight assembly and shall be warranted against leaks for five years. 

F.
Each tower cell shall be furnished with a single water inlet connection located in the bottom of the cooling tower complete with the means to balance the flow rate to the hot water distribution basins. Internal piping shall include an integral pre-strainer assembly such that routine maintenance of the hot water distribution system can be performed from the unit interior.  If strainer assembly is not provided integral to the piping system, manufacturer shall provide separate basket strainer for field assembly by mechanical contractor.

G.
Air inlet louvers shall be wave formed, fiberglass-reinforced polyester (FRP), spaced to minimize air resistance and prevent water splash-out.


H.
Hot water distribution basins shall be the open gravity type and constructed of type 304 stainless steel.  Basin weirs and plastic metering orifices shall be provided to assure even distribution of water over the wet deck surface. Thermo-formed, high-density polyethylene (HDPE) basin covers shall be furnished to prevent the formation of algae and the accumulation of debris in the hot water distribution basins.


I.
The wet deck surface and integral drift eliminators shall be formed from polyvinyl chloride (PVC), shall be impervious to rot, decay, and fungus or biological attack. The surface shall be manufactured and performance tested by the cooling tower manufacturer to provide single source responsibility and assure control of the final product.


J.
Fans shall be heavy duty, axial flow, with aluminum alloy blades. Air shall discharge through a fan cylinder designed for streamlined air entry and minimum fan blade tip clearance for maximum fan efficiency.


K.
Fans and shafts shall be supported by heavy-duty, self-aligning, grease-packed ball bearings with moisture-proof seals and integral slinger rings, designed for minimum L10 life of 40,000 hours.

L.
Fans shall be driven by an internally mounted gear drive designed specifically for cooling tower service.


M.
Fan and motor sheaves shall be fabricated from corrosion-resistant materials, or shall be enclosed and vented to prevent exposure to the saturated discharge air stream.


N.
Fan motors shall be totally-enclosed, air-over (TEAO), 1-speed/1-winding, reversible, squirrel cage, ball bearing type, designed specifically for cooling tower service. The motor shall be furnished with special moisture protection on windings, shafts and bearings.  Motors shall be inverter duty rated.


O.
A hinged access door shall be provided for access to eliminators and fan plenum section. A heavy gauge, hot-dip galvanized wire fan guard shall be provided over each fan cylinder. An external aluminum ladder with safety cage shall be provided for each cell along with galvanized steel handrails to be mounted on the perimeter of the top of each cell. Additionally, an internal service walkway shall be provided along with an internal service platform with ladder to provide a permanent working surface for maintenance personnel to have easy access to moving components needing routine maintenance.

P.
The following accessories shall be included as part of the cooling tower installation:

1.  Inverter duty fan motors.

2.  Stainless steel structure.

3.  Stainless steel cold and hot water basins.

4.  Bottom inlet and outlet connections.

5.  External ladder, safety cage, and handrails.

6.  Equalizer connections located in bottom of sump.

7.  Bypass connections located in bottom of sump.

8.  Electric Pan Heaters

  9.  Vibration Cut-Out Switches

2.18
ENERGY RECOVERY UNIT

A.
The unit shall have the capacities to provide the building with 100% of the outside air requirements utilizing all the building exhaust air for energy recovery, with minimum capacities as scheduled on the drawings. Total outside air shall maintain a building positive pressure of 20% higher than exhaust air, at all times. 

B.
The structural frame and casing shall be designed and manufactured so as to allow a maximum rotor deflection of 1/32 inch, as measured at the outer radius, during maximum rated airflow condition.

C.
All sheet metal shall be reinforced as required to provide a solid mounting surface of the peripheral and radial seals in order to maintain a minimum of ¾ inch fixed distance between the rotor surface and any sheet metal or steel parts.  There shall be no special requirement to provide any casing side access for future rotor removal and/or service.  All such service work shall be possible to perform from inside the duct at the face of the rotor casing. 

D.
A purge section shall be provided to eliminate transfer of exhaust air into the supply air, and shall be field adjustable.

E.
External tapered roller bearings with double set screw locking collars shall be provided and sized for a minimum L-10 life of 219,000 hours of operation and shall be changeable without a complete disassembly of the rotor.  Shaft journals shall be machined to proper tolerance as specified by the bearing manufacturer.  Shaft shall be machined as to provide a shoulder against the bearings for a positive locked position to eliminate any lateral movement of the rotor due to axial bearing loads. Grease fittings shall be easily accessible.

F.
The spokes shall be made of extruded aluminum with an “I” beam shape to limit deflection of the rotor to 1/32 inch for the maximum rated airflow.  Spoke surfaces to be serrated for increased friction and air turbulence across the seals.

G.
The rim joint shall connect the spoke ends and the rim ends together in such a way that the heat transfer media can be installed under field conditions without any media deformation or misfits causing future problems.  The rim joints shall provide a gradual compression of each section by independently applying increased tension of the rim bolts without the use of any special tools or devices.

H.
The rims shall be made of two extruded aluminum sections -- one inner rim and one outer rim with grooves for the twin “V” belts, and guide flanges for securing the media.  The two sections shall be welded together to form a tubular structure for improved strength in order to maintain an accurate radius and rotor roundness during the manufacturing process. 

I.
The rotor media shall be provided in segments to allow for field erection or replacement of one section of media at a time without side access.  No external pullers or other special tooling shall be required for field assembly or replacement. The media shall be machined to fit in between a primary and secondary spoke and a guiding flange of the outside rim.  Each media segment shall be compressed independently of all other segments during manufacturing without causing any angular deformation and resulting misfits between the spokes and media parts.  The results shall be a wheel with a flatness of +/- 1/32 inch.  No adhesive or silicone shall be necessary to secure the media in place.  

J.
The heat transfer media shall be the industry standard of 200 mm. in depth. Non-standard depths shall be unacceptable.  The heat transfer media shall be made out of corrugated aluminum foil with a high surface area per volume and laminar flow to assure that no fouling occurs on the internal heat transfer surface.  Dry particles up to 900 microns shall pass freely through the media.  This material shall be supplied with a “Balanced Sieve” (4A Molecular Sieve) hygroscopic solid desiccant coating for selective adsorption of water vapor and equal sensible and latent heat transfer.  All edges shall have an anti-corrosion epoxy coating.

K.
The seals shall be of a maintenance free “non-contact” type with a 4-pass labyrinth “turbine” for optimum performance and designed to eliminate wear and excessive drag.  The seals shall be adjustable and set to within 0.05 inch of the rotor surface and must be bolted to the frame with stainless steel hardware to eliminate seal movement.  The seal system shall withstand a pressure difference up to 12 in. wc.

L.
The drive system shall be gravity tensioned and shall use two standard “B” section V-belts that must ride in a groove in the rotor rim to eliminate any side-to-side movements and slippage.  The speed reducer shall be grease lubricated, maintenance free with a flexible Love-Joy input coupling for easy motor separation and for absorption of any shock or vibration.  The drive system shall be easily accessible and visible for inspection and maintenance and have a minimum life expectancy of 90,000 hours.  

M.
The speed control system shall be a variable frequency inverter operating a standard inverter rated AC motor, capable of operating the rotor from 1/4 rpm to 20 rpm or to whatever is required for the type of media used.  It shall integrate with the temperature control system to provide the required supply air temperature. 

N.
The temperature controller shall monitor entering and leaving temperatures for the exhaust and supply air.  Adjustable set points shall be for the heating mode discharge temperature, summer/winter change over and for wheel frost control.  For multiple rotors in a common air stream each rotor shall provide temperature outputs to the controller in order to get an accurate average discharge temperature.

O.
The rotation detector shall be accomplished through the temperature controller.  An inductive proximity sensor, shaft target and a relay supplying a dry contract for the controller shall be used to provide RPM readout and wheel stoppage alarm contacts. 
P.
The entire rotor and wheel assembly shall require only limited maintenance of biannual greasing of the main bearings and inspection of the drive system.

Q.
A standard 3-year material and labor warranty shall be provided covering all materials supplied and installed. 

2.19
FOURTH FLOOR REDUNDANT CONDENSING UNIT

A.
Provide and install as shown on the plans factory-assembled, air-cooled scroll 
compressor condensing units in the size and quantity scheduled.  Each unit shall consist of hermetic tandem or triple scroll compressor sets, air-cooled condenser section, control system and all components necessary for controlled unit operation when field piped and wired to low side equipment specified elsewhere.  All units shall have dual compressors 
on the same refrigerant circuit for capacity reduction. Units shall use 407C refrigerant. Each unit shall be capable of stable operation to a minimum of 50 percent of full load without hot gas bypass. Performance shall be in accordance with ARI Standard 365-94.

B.
The compressors shall be sealed hermetic scroll type with crankcase oil heater and suction strainer.  Compressor shall have a forced-feed lubrication system with a reversible oil pump and oil charge.  The compressor motor shall be refrigerant gas cooled, high torque, hermetic induction type, two-pole, with inherent thermal protection on all three phases and shall be mounted on RIS vibration isolator pads.
C.
The condenser coils shall consist of 3/8 inch seamless copper tubes mechanically bonded into plate-type fins.  The fins shall have full drawn collars to completely cover the tubes.  A subcooling coil shall be an integral part of the main condenser coil.  Condenser fans shall be propeller type arranged for vertical air discharge and individually driven by direct-drive fan motors. They shall be equipped with a heavy-gauge fan guard.  Fan motors shall be TEAO, three-phase, direct-drive, 1140 rpm. 

D.
Capped connections shall be provided for field connection of refrigerant piping.  Refrigerant specialties shall be field supplied and installed.

E.
Install units in strict accordance with manufacturer’s requirements, shop drawings, and contract documents. Adjust and level unit in alignment on supports. Coordinate electrical installation with electrical contractor. Coordinate controls with control contractor. Provide all appurtenances required for a fully operational and functional unit. Install proper charge of refrigerant and oil. Provide testing and starting of machine, and instruct the Owner in its proper operation and maintenance.

2.20
WATER HEATER FLUES

A.
Each flue shall be of the double-wall, factory type approved for use with appliances burning natural gas, which produces flue gasses exhausted at temperatures not exceeding 550 deg F.

B.
The flue vent shall be constructed of an outer wall of type 304 stainless steel, minimum thickness of .025”. The inner wall shall be constructed of type 304 stainless steel, minimum thickness of .035”.

C.
The vent shall have a minimum integral, annular insulating air space of ½”.

D.
The edges of the inner and outer walls shall be hemmed prior to final assembly to prevent the piping and fittings from having sharp edges. Walls shall be attached to maintain required spacing and to prevent separation of the inner and outer walls. The vent shall incorporate a push-tab locking system that will prevent disassembly of the vent during and after installation.

E.
 All fittings, flashings, storm collar, cap and appliance adapter shall be type 304 stainless steel and shall be provided as required to make the installation complete.

F.
Vents shall be tested and listed for a minimum clearance to combustibles of 1”. 

G.
 Vents shall be installed in accordance with the manufacturer’s requirements and recommendations and all State and Local Codes.

2.21
VARIABLE  FREQUENCY DRIVES


A.    This specification is to cover a complete Adjustable ( Variable ) Frequency motor Drive (VFD) consisting of a pulse width modulated (PWM) inverter designed for use on a standard NEMA Design B induction motor.  It is required that the drive manufacturer have an existing Sales representative exclusively for HVAC products, with expertise in HVAC systems and controls and an independent service organization. The drive manufacturer shall supply the drive and all necessary controls as herein specified.  The manufacturer shall have been engaged in the production of this type of equipment for a minimum of ten years. VFD’s that are manufactured by a third party and “brand labeled” shall not be acceptable. 

B.  The following Referenced Standards shall apply:

1. 
Institute of Electrical and Electronic Engineers Standard 519-1992, IEEE Guide for Harmonic Content and Control.

2.
Underwriters laboratories UL508C.

3.
National Electrical Manufacturer’s Association (NEMA) ICS 7.0, AC Adjustable Speed Drives.

4.
IEC 16800 Parts 1 and 2.

5. 
VFDs and options shall be UL listed as a complete assembly.  VFD’s that require the customer to supply external fuses for the VFD to be UL listed are not acceptable.  The base VFD shall be UL. 

C.
Submittals shall include the following information:

1.  Outline dimensions, conduit entry locations and weight.

2.  
Customer connection and power wiring diagrams.

3.  
Complete technical product description include a complete list of options provided.

4.  
Compliance to IEEE 519 – harmonic analysis for particular jobsite including total harmonic voltage distortion and total harmonic current distortion (TDD). The VFD manufacturer shall provide calculations; specific to this installation, showing total harmonic voltage distortion is less than 5%.  Input line filters shall be sized and provided as required by the VFD manufacturer to ensure compliance with IEEE standard 519.  All VFD’s shall include a minimum of 5% impedance reactors, no exceptions.

D. 
The VFD package as specified herein shall be enclosed in a UL Listed Type 12 enclosure, completely assembled and tested by the manufacturer in an ISO9001 facility.  The VFD tolerated voltage window shall allow the VFD to operate from a line of +30% nominal, and -35% nominal voltage as a minimum.

E. 
The VFD package as specified herein shall operate between 32 to 104(F continuous, and less than 95% humidity, non-condensing.  VFD’s that can operate at 104( F intermittently (during a 24 hour period) are not acceptable and must be oversized. Enclosure shall be rated UL type 12 and shall be UL listed as a plenum rated VFD. VFD’s without these ratings are not acceptable.

F. 
All VFDs shall have the following standard features:

1. 
All VFDs shall have the same customer interface, including digital display, and keypad, regardless of horsepower rating.  The keypad shall be removable, capable of remote mounting and allow for uploading and downloading of parameter settings as an aid for start-up of multiple VFDs. 

2. 
The keypad shall include Hand-Off-Auto selections and manual speed control.  The drive shall incorporate “bumpless transfer” of speed reference when switching between “Hand” and “Auto” modes.  There shall be fault reset and “Help” buttons on the keypad.  The Help button shall include “on-line” assistance for programming and troubleshooting.  

3.  
There shall be a built-in time clock in the VFD keypad.  The clock shall have a battery back up with 10 years minimum life span.  The clock shall be used to date and time stamp faults and record operating parameters at the time of fault.  If the battery fails, the VFD shall automatically revert to hours of operation since initial power up.  The clock shall also be programmable to control start/stop functions, constant speeds, PID parameter sets and output relays.  The VFD shall have a digital input that allows an override to the time clock (when in the off mode) for a programmable time frame.  There shall be four (4) separate, independent timer functions that have both weekday and weekend settings.

4.  
The VFD’s shall utilize pre-programmed application macro’s specifically designed to facilitate start-up.  The Application Macros shall provide one command to reprogram all parameters and customer interfaces for a particular application to reduce programming time.  The VFD shall have two user macros to allow the end-user to create and save custom settings.

5.  
The VFD shall have cooling fans that are designed for easy replacement.  The fans shall be designed for replacement without requiring removing the VFD from the wall or removal of circuit boards.  The VFD cooling fans shall operate only when required.  To extend the fan and bearing operating life, operating temperature will be monitored and used to cycle the fans on and off as required.

6.  
The VFD shall be capable of starting into a coasting load (forward or reverse) up to full speed and accelerate or decelerate to setpoint without safety tripping or component damage (flying start). 

7.  
The VFD shall have the ability to automatically restart after an over-current, over-voltage, under-voltage, or loss of input signal protective trip.  The number of restart attempts, trial time, and time between attempts shall be programmable.

8.  
The overload rating of the drive shall be 110% of its normal duty current rating for 1 minute every 10 minutes, 130% overload for 2 seconds.  The minimum FLA rating shall meet or exceed the values in the NEC/UL table 430-150 for 4-pole motors.

9.  
The VFD shall have an integral 5% impedance line reactors to reduce the harmonics to the power line and to add protection from AC line transients.  The 5% impedance may be from dual (positive and negative DC bus) reactors, or 5% AC line reactors.  VFD’s with only one DC reactor shall add AC line reactors.

10.  The input current rating of the VFD shall be no more than 3% greater than the output current rating.  VFD’s with higher input current ratings require the upstream wiring, protection devices and source transformers to be oversized per NEC 430-2.  

11.  The VFD shall include a coordinated AC transient protection system consisting of 4-120 joule rated MOV’s (phase to phase and phase to ground), a capacitor clamp, and 5% impedance reactors.

12.
The VFD shall be capable of sensing a loss of load (broken belt / broken coupling) and signal the loss of load condition.  The drive shall be programmable to signal this condition via a keypad warning, relay output and/or over the serial communications bus.  Relay outputs shall include programmable time delays that will allow for drive acceleration from zero speed without signaling a false underload condition. 

13. 
If the input reference (4-20mA or 2-10V) is lost, the VFD shall give the user the option of either (1) stopping and displaying a fault, (2) running at a programmable preset speed, (3) hold the VFD speed based on the last good reference received, or (4) cause a warning to be issued, as selected by the user.  The drive shall be programmable to signal this condition via a keypad warning, relay output and/or over the serial communication bus.

14. The VFD shall have programmable “Sleep” and “Wake up” functions to allow the drive to be started and stopped from the level of a process feedback signal.

G. 
All VFDs to have the following adjustments:

1. 
Three (3) programmable critical frequency lockout ranges to prevent the VFD from operating the load continuously at an unstable speed.

2. 
Two (2) PID Setpoint controllers shall be standard in the drive, allowing pressure or flow signals to be connected to the VFD, using the microprocessor in the VFD for the closed loop control.  The VFD shall have 250 ma of 24 VDC auxiliary power and be capable of loop powering a transmitter supplied by others.  The PID setpoint shall be adjustable from the VFD keypad, analog inputs, or over the communications bus. There shall be two parameter sets for the first PID that allow the sets to be switched via a digital input, serial communications or from the keypad for night setback, summer/winter setpoints, etc.  There shall be an independent, second PID loop that can utilize the second analog input and modulate one of the analog outputs to maintain setpoint of an independent process (ie. valves, dampers, etc.).  All setpoints, process variables, etc. to be accessible from the serial communication network.  The setpoints shall be set in Engineering units and not require a percentage of the transducer input.

3. 
Two (2) programmable analog inputs shall accept current or voltage signals. 

4. 
Two (2) programmable analog outputs (0-20ma or 4-20 ma).  The outputs may be programmed to output proportional to Frequency, Motor Speed, Output Voltage, Output Current, Motor Torque, Motor Power (kW), DC Bus voltage, Active Reference, and other data.

5.   Six (6) programmable digital inputs for maximum flexibility in interfacing with external devices, typically programmed as here-in-after described. There shall be a run permissive circuit for damper or valve control.  Regardless of the source of a run command (keypad, input contact closure, time-clock control, or serial communications) the VFD shall provide a dry contact closure that will signal the damper to open (VFD motor does not operate).  When the damper is fully open, a normally open dry contact (end-switch) shall close.  The closed end-switch is wired to an VFD digital input and allows VFD motor operation.  Two separate safety interlock inputs shall be provided.  When either safety is opened, the motor shall be commanded to coast to stop, and the damper shall be commanded to close.  The keypad shall display “start enable 1 (or 2) missing”.  The safety status shall also be transmitted over the serial communications bus.  All digital inputs shall be programmable to initiate upon an application or removal of 24VDC.

6.  
Three (3) programmable digital Form-C relay outputs.  The relays shall include programmable on and off delay times and adjustable hysteresis.  Default settings shall be for run, not faulted (fail safe), and run permissive.  The relays shall be rated for maximum switching current 8 amps at 24 VDC and 0.4 A at 250 VAC; Maximum voltage 300 VDC and 250 VAC; continuous current rating 2 amps RMS.  Outputs shall be true form C type contacts; open collector outputs are not acceptable.  

7.  
Seven (7) programmable preset speeds.

8.  
Two independently adjustable accel and decel ramps with 1 – 1800 seconds adjustable time ramps.

9.  
The VFD shall include a motor flux optimization circuit that will automatically reduce applied motor voltage to the motor to optimize energy consumption and audible motor noise.

10. 
The VFD shall include a carrier frequency control circuit that reduces the carrier frequency based on actual VFD temperature that allows the highest carrier frequency without derating the VFD or operating at high carrier frequency only at low speeds.

11. 
The VFD shall include password protection against parameter changes.

H. 
The Keypad shall include a backlit LCD display. The display shall be in complete English words for programming and fault diagnostics (alpha-numeric codes are not acceptable).  The keypad shall utilize the following assistants:

1.  
Start-up assistants.  

2. 
Parameter assistants 

3. 
Maintenance assistant  

4. 
Troubleshooting assistant

I.  
All applicable operating values shall be capable of being displayed in engineering (user) units.  A minimum of three operating values from the list below shall be capable of being displayed at all times.   The display shall be in complete English words (alpha-numeric codes are not acceptable):

1. 
Output Frequency

2.  
Motor Speed (RPM, %, or Engineering units)

3.  
Motor Current

4.  
Calculated Motor Torque

5.  
Calculated Motor Power (kW)

6.  
DC Bus Voltage

7.  
Output Voltage

J.   The VFD shall include a fireman’s override input.  Upon receipt of a contact closure from the fireman’s control station, the VFD shall operate at an adjustable preset speed.  The mode shall override all other inputs (analog/digital, serial communication, and all keypad commands) and force the motor to run at the adjustable, preset speed. “Override Mode” shall be displayed on the keypad.  Upon removal of the override signal, the VFD shall resume normal operation.

K.   Serial Communications

1. 
The VFD shall have an RS-485 port as standard.  The protocols shall be Modbus, Johnson Controls N2 bus, Siemens Building Technologies FLN,  LonWorks, BACnet, Profibus, Ethernet, or DeviceNet.  Each individual drive shall have the protocol in the base VFD.  The use of third party gateways and multiplexers is not acceptable.  All protocols shall be “certified” by the governing authority.  Use of non-certified protocols is not allowed. Multiple VFDs sharing one gateway shall not be acceptable.

2. 
Serial communication capabilities shall include, but not be limited to; run-stop control, speed set adjustment, proportional/integral/derivative PID control adjustments, current limit, accel/decel time adjustments, and lock and unlock the keypad.  The drive shall have the capability of allowing the DDC to monitor feedback such as process variable feedback, output speed / frequency, current (in amps), % torque, power (kW), kilowatt hours (resettable), operating hours (resettable), and drive temperature.  The DDC shall also be capable of monitoring the VFD relay output status, digital input status, and all analog input and analog output values. All diagnostic warning and fault information shall be transmitted over the serial communications bus.  Remote VFD fault reset shall be possible.  The following additional status indications and settings shall be transmitted over the serial communications bus – keypad “Hand” or “Auto” selected, bypass selected, the ability to change the PID setpoint, and the ability to force the unit to bypass (if bypass is specified).  The DDC system shall also be able to monitor if the motor is running in the VFD mode or bypass mode over serial communications.  A minimum of 15 field parameters shall be capable of being monitored.  

3. 
The VFD shall allow the DDC to control the drive’s digital and analog outputs via the serial interface.  This control shall be independent of any VFD function.  For example, the analog outputs may be used for modulating chilled water valves or cooling tower bypass valves.  The drive’s digital (relay) outputs may be used to actuate a damper, open a valve or control any other device that requires a maintained contact for operation.  In addition, all of the drive’s digital and analog inputs shall be capable of being monitored by the DDC system.  

4. 
The VFD shall include an independent PID loop for customer use.  The independent PID loop may be used for cooling tower bypass value control, chilled water value control, etc.  Both the VFD control PID loop and the independent PID loop shall continue functioning even if the serial communications connection is lost.  The VFD shall keep the last good set-point command and last good DO & AO commands in memory in the event the serial communications connection is lost.

L.  
All VFD’s shall include EMI/RFI filters.  The onboard filters shall allow the VFD assemble to be CE Marked and the VFD shall meet product standard EN 61800-3 for the First Environment restricted level. 

M. 
All VFD’s through 50HP shall be protected from input and output power mis-wiring.  The VFD shall sense this condition and display an alarm on the keypad. 

N. 
The following additional features shall be furnished and mounted by the drive manufacturer.  All additional features shall be UL Listed by the drive manufacturer as a complete assembly and carry a UL508 label.

1. 
A complete factory wired and tested bypass system consisting of an output contactor and bypass contactor.  Overload protection and shall be provided in both drive and bypass modes.

2. 
Door interlocked, padlockable circuit breaker that will disconnect all input power from the drive and all internally mounted options.

3.
Fused VFD only disconnect (service switch).  Fast acting fuses exclusive to the VFD – fast acting fuses allow the VFD to disconnect from the line prior to clearing upstream branch circuit protection, maintaining bypass capability.  Bypass designs, which have no such fuses, or that incorporate fuses common to both the VFD and the bypass will not be accepted.  Three contactor bypass schemes are not acceptable. 

4. 
The drive / bypass shall provide single-phase motor protection in both the VFD and bypass modes.

5. 
The following operators shall be provided:

a.
Bypass Hand-Off-Auto 

b.  
Drive mode selector

c. 
Bypass mode selector

d. 
Bypass fault reset 

6.  
The following indicating lights (LED type) shall be provided.  A test mode or push to test feature shall be provided.

a.  
Power-on (Ready)

b.
Run enable (safeties) open

c. 
Drive mode select damper opening

d. 
Bypass mode selected

e.
Drive running

f. 
Bypass running

g.
Drive fault

h.
Bypass fault

i.
Bypass H-O-A mode

j. 
Automatic transfer to bypass selected

k. 
Safety open

l. 
Damper opening

m.
Damper end-switch made

7.  The following relay (form C) outputs from the bypass shall be provided:

a. 
System started

b. 
System running

c.
Bypass override enabled

d.
Drive fault

e. 
Bypass fault (motor overload or underload (broken belt))

f.  
Bypass H-O-A position

8. 
The digital inputs for the system shall accept 24V or 115VAC (selectable).  The bypass shall incorporate internally sourced power supply and not require an external control power source. 

9. 
Customer Interlock Terminal Strip – provide a separate terminal strip for connection of freeze, fire, smoke contacts, and external start command.  All external safety interlocks shall remain fully functional whether the system is in Hand, Auto, or Bypass modes (not functional in Fireman’s Override 2).  The remote start/stop contact shall operate in VFD and bypass modes.

10.
Dedicated digital input that will transfer motor from VFD mode to bypass mode upon dry contact closure for fireman’s override.  Two modes of operation are required. 

a.
One mode forces the motor to bypass operation and overrides both the VFD and bypass H-O-A switches and forces the motor to operate across the line (test mode).  The system will only respond to the digital inputs and motor protections.

b.
The second fireman’s override mode remains as above, but will also defeat the overload and single-phase protection for bypass and ignore all keypad and digital inputs to the system (run until destruction).

11.
The VFD shall include a “run permissive circuit” that will provide a normally open contact whenever a run command is provided (local or remote start command in VFD or bypass mode).  The VFD system (VFD or bypass) shall not operate the motor until it receives a dry contact closure from a damper or valve end-switch.  When the VFD system safety interlock (fire detector, freezestat, high static pressure switch, etc) opens, the motor shall coast to a stop and the run permissive contact shall open, closing the damper or valve.

12.  Class 20 or 30 (selectable) electronic motor overload protection shall be included.  

13.  There shall be an internal switch to select manual or automatic bypass.

14.  There shall be an adjustable current sensing circuit for the bypass to provide loss of load indication (broken belt) when in the bypass mode.

O. 
Installation shall be the responsibility of the mechanical contractor.  The contractor shall install the drive in accordance with the recommendations of the VFD manufacturer as outlined in the installation manual. Power wiring shall be completed by the electrical contractor.  The contractor shall complete all wiring in accordance with the recommendations of the VFD manufacturer as outlined in the installation manual.

P. 
Certified factory start-up shall be provided for each drive by a factory authorized service center.  A certified start-up form shall be filled out for each drive with a copy provided to the owner, and a copy kept on file at the manufacturer.

Q. 
Factory trained application engineering and service personnel that are thoroughly familiar with the VFD products offered shall be locally available. A 24/365 technical support line shall be available on a toll-free line. A computer based training CD or 8-hour professionally generated video (VCR format) shall be provided to the owner at the time of project closeout. The training shall include installation, programming and operation of the VFD, bypass and serial communication.

2.22
UVC FIXTURE  

A.   
Lamps and fixtures shall be installed, on all units, in sufficient quantity and in such a manner so as to provide an equal distribution of UVC energy.  When installed, the average intensity striking the intended surface shall not be less than 200 microwatts per square centimeter. The applied energy and its distribution average shall be verified using third party math modeling and that verification shall be included with the submittal.

B.  
The minimal UVC energy striking a surface shall be sufficient to continuously destroy a mono-layer of mold and bacteria as typically found in HVAC systems in less than six hours.  The third party mathematical modeling shall include the destruction time for at least four of the most common HVAC microbes and an energy distribution map.

C.  
 Fixture rows shall be electrically terminated to factory supplied Hard Wire Boxes to meet UL and local electrical codes. Fixtures shall be mounted to irradiate the intended surfaces as well as all of the available line of sight airstream by proper placement and incident angle reflection. Third party irradiation and intensity calculations (modeling) shall determine fixture placement and energy distribution and shall be provided in the submittal. 

D.   
Fixtures shall be track mounted to the appropriate factory supplied hardware to form horizontal rows that provide for the proper fixture support. Fixtures shall be equipped with UL approved fixture-to-fixture mechanical and electrical connections that facilitate proper installation and coupling to A/C power from one end.  Fixtures shall be capable of being mounted anywhere in the system and/or as shown on the plans. 

E.  
 When used for surface irradiation, the fixture assembly shall be designed and installed such that the sum of the lamp arc lengths in a row shall be equal to a minimum of 90% of the surfaces total width. 

F. 
Fixtures shall meet the “UL” drip proof design and each fixture shall be equipped with an electrical interlock, which will not allow the fixture to energize unless it’s properly installed to its factory supplied mounting track. 

G.   
Fixtures shall be constructed of type 304 stainless steel to preclude corrosion. 

H.  
Power supplies shall be of the high efficiency electronic type, matched to the lamp and designed to maximize UVC photon production, radiance and reliability. They shall be UL Listed and labeled for use in air-streams of 55-135° F.  They shall be capable of producing the specified output and organism destruction as specified under Irradiation and Intensity at no more than 13 Watts of power consumption for each square foot of treated, cross sectional plane. 

I.   
Each lamp shall contain no more than 8 milligrams of mercury, consistent with current environmental practices, while producing the specified output at 500 fpm in temperatures of 55-135( F.  Useful lamp life shall be 9000 hours with no more than a 20% output loss at the end of one year of continuous use. They shall be constructed with UVC proof metal bases and shall not produce ozone.

J.  
UVC Fixtures shall be stored in a clean, dry place and protect from weather and construction traffic. UVC Fixtures shall be handled carefully to avoid damage to components, enclosures and finish. Factory-shipping covers shall be left in place until installation is complete. Damaged components shall not be installed, instead replace them and return damaged components to equipment manufacturer. 

K. 
Installation of UVC fixtures 

1.  
Coordinate with installation of HVAC equipment and install Fixtures as indicated above after such equipment is properly installed. 

2.  
Comply with manufacturers’ installation instructions regarding wiring and testing and to the drawings and/or specification regarding exact fixture placement for proper energy distribution. 

3.  
Provide an interlock switch on all access panels and doors leading to the UVC assembly and/or within view of the fixtures to assure that the UVC assembly will be de-energized when any of these accesses are opened. 

4.  
When specified and/or called out on the drawings, install a relative indicating radiometer and adjust and set in accordance with manufacturer recommendations. 

5.  
Caution Labels shall be installed on all accesses to the Fixtures.

6.  
Install UVC system on all air handling units. 

PART 3 - EXECUTION

3.1
INSTALLATION

A. 
All equipment and controls shall be installed in accordance with manufacturer's recommendations.  Installation, adjustments and starting shall be done under supervision of manufacturer's representative.

B.
All ductwork and equipment shall be installed in a neat and workmanlike manner in accordance with the guidelines of NFPA 90-A, SMACNA and the best practice of the trade.

C. 
Provide manual firestats, set at 125 degrees F, in return inlets of all fans and blowers and all exhaust fans of 600 cfm and over.  SEE SECTION 15950 for additional requirements.

D. 
For requirements of the temperature control system SEE SECTION 15950.  This Contractor shall furnish and install any and all mechanical items which are required to complete the temperature controls which are to be provided under other sections of the specifications.  Read SECTION 15950 for requirements.

E. 
All piping as specified under this section shall be tested to the following pressures:

       Chilled water                                      -      100 psi


 Condenser water

           -
       50 psi

       Condensate drain                               -       10 psi

The method of application of tests and duration shall be as described in SECTION 15050.  Maximum of 5% pressure loss during the duration will be acceptable.

F. 
Upon completion of the installation of all work and equipment the Contractor shall start all equipment and make all necessary tests and adjustments to place entire heating, ventilating and air conditioning systems in a satisfactory condition for continuous safe operation of facilities.

G. 
All filters shall be replaced with specified type after period of test and adjustment.

 END OF SECTION 15800
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