
39M Indoor Air Handler Units

HVAC Guide Specifications

Size Range: 1,500 to 60,500 Nominal Cfm

Carrier Model Number: 39MN — Indoor Unit

·  General

· QUALITY ASSURANCE

· Manufacturer Qualifications:

Company specializing in manufacturing the products specified in this section with minimum of five years documented experience.

· The management system governing the manufacture of this product is ISO (International Organization for Standardization) 9001:2015 certified.

· Air-handling unit assembly shall have UL (Underwriters Laboratories) 60335-2-40 certification for safety, including use with electric heat.

· Products requiring electric connection shall be listed and classified by cULus as suitable for the purpose specified and indicated.

· All coils shall be rated in accordance with AHRI Standard 410, latest edition. Chilled water, hot water, and steam coils shall be certified, in accordance with AHRI Standard 410.

· Direct expansion coils shall be designed and tested in accordance with ANSI/ASHRAE (American National Standard Institute/American Society of Heating, Refrigerating and Air-Conditioning Engineers) 15 Safety Code for Mechanical Refrigeration.

· Unit performance shall be rated in accordance with AHRI Standard 430 for Central Station Air Handling Unit Supply Fans and subject to verification of rating accuracy by AHRI-sponsored, third party testing. 

· Units shall meet NFPA (National Fire Protection Association) 90A requirements.

· DELIVERY, STORAGE AND PROTECTION

· All indoor units, painted or unpainted, shall be completely shrink-wrapped from the factory for protection during shipment. Tarping of bare units is unacceptable.

· Inspect for transportation damage and store in clean dry place and protect from weather and construction traffic. Handle carefully to avoid damage to components, enclosures, and finish.

· START-UP REQUIREMENTS

Do not operate units until ductwork is clean, filters are in place, bearings lubricated, condensate properly trapped, piping connections verified and leak tested, belts aligned and tensioned, all shipping braces have been removed, and fan has been test run under observation.

· Products

· GENERAL DESCRIPTION

· Units shall ship in the number of sections necessary to meet project requirements and shall ship in as many splits as specified in selection software. Split options as follows:

1. Shipped in sections — shipping split.

2. Shipped assembled — base rail break (ship attached).

3. Shipped assembled — solid base rail.

· Unit shall be factory-supplied, central station air handler. The air-handling unit may consist of a fan with the following factory-installed components as indicated on the equipment schedule.

1. Mixing Box Section:

a. No filter tracks.

b. With flat filter tracks.

c. With angle filter tracks.

d. With bag cartridge filter tracks.

e. With exhaust air dampers.

2. Air Mixing Section.

3. Exhaust Box Section.

4. Integral Face and Bypass Section:

a. With hot water coil.

b. With steam coil.

5. Internal Face and Bypass Damper Section.

6. External Face and Bypass Damper Section.

7. Plenum Section:

a. With drain pan.

b. No drain pan.

8. Humidifier Section.

9. Blow-Thru Discharge Plenum.

a. With no openings

b. With custom discharge openings

10. Filter Section:

a. 2-in. flat filters.

b. 4-in. flat filters.

c. 4-in. flat filters with 2-in. pre-filters.

d. 2-in. angle filters.

e. 4-in. angle filters.

f. Side loading 12-in. bag/cartridge filters with 2-in. pre-filters.

g. Side loading 30-in. bag/cartridge filters with 2-in. pre-filters.

h. Face loading bag/cartridge filters without pre-filters. Maximum bag/cartridge filter length is limited to access/plenum sections placed after this section.

i. Face loading HEPA (high-efficiency particulate air) bag/cartridge filters without pre-filters.

11. Gas Heating Section.

12. Coil Section:

a. Chilled water coil.

b. Direct expansion coil.

c. Hot water coil.

d. Steam coil.

e. Electric coil.

13. Multi-Zone Cooling/Heating Coil Section:

a. With dampers.

b. No dampers (for dual duct).

14. Energy Recovery Wheel Section.

· Fan Section:

1. Horizontal draw-thru (supply, return, and exhaust).

2. Horizontal blow-thru (with integral diffuser on supply fan only).

3. Plenum fan:

a. With custom discharge openings on draw thru supply fans

b. With optional exhaust air damper on return fans

4. Vertical draw-thru.

· CASING

· Construction:

1. Unit shall be constructed of a complete frame with easily removable panels. Removal of any panel shall not affect the structural integrity of the unit. 

2. All units shall be supplied with 14-gauge or heavier, G-90 galvanized steel base rails. Bolt-on legs are NOT acceptable. Perimeter lifting lugs for overhead lifting shall be provided on each shipping section. Slinging units in place of lifting lugs shall not be acceptable.

3. Unit shall be thermally broken to minimize the conduction path from the inside of the casing to the outside.

4. Casing panels (top, sides, and bottom) shall be constructed of galvanized steel (18 gauge optional), and shall have one of the following exterior finishes as specified:

a. Pre-painted with a baked enamel finish passing 500-hour salt spray test (ASTM [American Society of Mechanical Engineers] B-117) for pre-painted steel and 125-hour marine level 1 prohesion test (ASTM G-85.A5) for pre-painted steel.

b. Unpainted G-90 galvanized steel.

5. Casing panels (top, sides, and bottom) shall be constructed of galvanized steel (18 gauge optional) or stainless steel, and shall have one of the following interior finishes as specified:

a. G-90 pre-coated galvanized steel with a silver zeolite antimicrobial material registered by the US EPA (Environmental Protection Agency) for use in HVAC applications.

b. Unpainted G-90 galvanized steel.

c. Unpainted 304 stainless steel.

d. Option for aluminum diamond treadplate floors.

6. Casing panels (top, sides, and bottom) shall be one piece, double-wall construction with foam insulation sealed between the inner and outer panels. Panel assemblies shall not carry an R‑value of less than 13.

7. Casing deflection shall not exceed a L/240 ratio when subject to an internal pressure of ± 8-in. wg and shall exhibit no permanent deformation at ± 9-in. wg. L is defined as the longest linear panel or cabinet length (measured to AHRI 1350 Cd level 2). 

8. Casing leakage rate shall be less than 1% at 8 in. wg of nominal unit airflow or 50 cfm, whichever is greater. Leakage rate shall be tested and documented on a routine basis on random production units. Optionally, factory witness leak testing and/or test reports shall be available.

9. Side panels shall be easily removable for access to unit and shall seal against a full perimeter automotive style gasket to ensure a tight seal.

10. The panel retention system shall comply with UL 60335-2-40 which states all moving parts (for example, fan blades, blower wheels, pulleys, and belts) that, if accidentally contacted, could cause bodily injury, shall be guarded against accidental contact by an enclosure requiring tools for removal.

11. Accessibility options shall be as follows:

a. Hinged, lockable double-wall access door on either side with removable access panel(s) on the other side.

b. Hinged, lockable double-wall access doors on both sides.

c. Removable double-wall access panels on both sides.

12. Depending on the options selected and the remaining available space inside each section, the following options may be available:

a. Reinforced glass viewports shall be factory-installed on the access panel(s) or door(s) of the section.

b. Marine lights shall be factory installed with or without GFCI (ground fault circuit interrupter) convenience outlets.

13. Fan supports, structural members, panels, or flooring shall not be welded, unless aluminum, stainless steel, or other corrosion-resistant material is used. Painted welds on unit exterior steel or galvanized steel are not acceptable.

14. All coil sections shall be doublewall construction with foam insulation sealed between the inner and outer panels. Panel assemblies shall not carry an R-value of less than 13. Single height coil sections shall have removable frame sections to facilitate vertical coil extraction. 

15. Blow-thru sections shall have a diffuser plate as an integral part of the fan section.

· Access Doors:

Access doors shall be one piece, hinged, lockable double-wall construction with foam insulation sealed between the inner and outer panels. Panel assemblies shall not carry an R-value of less than 13.

· Drain Pans:

Drain pans shall be foam insulated double-wall galvanized or stainless steel construction (18 gauge optional). The pan shall be sloped toward the drain connection. Drain pan shall have 1-1/2-in. MPT connection exiting through the hand side or opposite side of the casing as specified. One drain outlet shall be supplied for each cooling coil section. Drain pan shall allow no standing water and comply with ASHRAE (American Society of Heating, Refrigeration and Air-Conditioning Engineers). Standard 62.1-2010. Where 2 or more coils are stacked in a coil bank, intermediate drain pans shall be provided and the condensate shall be piped to the bottom drain pan. The bottom coil shall not serve as a drain path for the upper coil.

· FANS

· General:

1. Forward-curved fan sections shall have one double-width double-inlet (DWDI) fan wheel and scroll. They shall be constructed of galvanized steel with baked enamel. They shall be designed for continuous operation at the maximum rated fan speed and motor horsepower. Fans shall have an AMCA class rating corresponding to the static pressure at which the fan is designed to operate (Class I or II). Completed fan assembly shall be dynamically balanced in accordance with AHRI Guideline G and ANSI S2.19 at design operating speed using contract drive and motor if ordered.

2. Airfoil fan sections shall have one DWDI airfoil fan wheel and scroll. Airfoil blades shall be double thickness design constructed of heavy gauge, high strength steel or aluminum continuously welded to the backplate and the spun inlet flange. Entire fan assembly shall be cleaned, primed and painted with alkyd enamel, except for an aluminum fan wheel when supplied. Fans shall have an AMCA class rating corresponding to the static pressure at which the fan is designed to operate (Class I or II). Completed fan assembly shall be dynamically balanced to minimum grade of G 6.3 per ANSI/AMCA 204 at design operating speed using contract drive and motor if ordered.

3. Direct drive plenum fan sections: 

a. with a NEMA “T” frame motor shall have the option of one, two, four, or six single width single inlet (SWSI) airfoil fan wheel(s). Airfoil blades shall be double thickness design continuously welded to the back plate and the front plate. Fan wheel shall be constructed of aluminum. Airfoil blades shall be aluminum extrusions and shall be top welded to the back plate and front plate of the wheel. Fan wheel shall be dynamically balanced per ISO standard 1940 quality grade G6.3.

b. with an EC motor shall have the option of single or multiple SWSI backward curved fans. Fan wheel shall be constructed of aluminum. Blades shall be welded to both front and back plates of the wheel. Fan assembly shall be dynamically balanced per ISO standard 1940 quality grade 6.3.

4. Isolated fan assembly vibration shall not exceed 0.248 in. per second when mounted on active isolators. Vibration shall be measured in both vertical and horizontal directions at the specified fan operating speed using specified motor. For testing purposes, accelerometers shall be mounted on the motor near the bearing locations an removed before shipment.

5. All fan sled components shall provide corrosion protection to pass 100-hour salt spray test per ASTM B-117.

6. Fan wheels for all AF, FC, and direct drive PF with NEMA “T” frame motors shall be keyed to the shaft. Fan wheels for direct drive PF with EC motors shall be mounted directly to the rotor of the EC motor. All shall be designed for continuous operation at maximum rated fan speed and motor horsepower. Fan wheels and shafts shall be selected with a maximum operating speed 25% below the first critical.

7. Belt drive fan motor shall be mounted within the fan section casing on slide rails equipped with adjusting screws. Belt drive and direct drive with NEMA “T” frame motors shall be premium efficiency, open drip-proof or totally enclosed fan cooled NEMA (National Electrical Manufacturers Association) Design A or B with size and electrical characteristics as shown on the equipment schedule. Motor shall be mounted on a horizontal flat surface and shall not be supported by the fan or its structural members. All three-phase motors shall have a ± 10% voltage utilization range and a 1.15 minimum service factor. Motor shall be compliant with the Energy Independence and Security Act (EISA) of 2007 where applicable. Single-phase motors shall be available up to and including 5 hp.

8. Direct drive with EC motors shall exceed the minimum efficiency requirements of the ErP Directive for Fans, efficiency class IE4, and specify motor protection according to EN 60529. Motors shall also provide the following: locked rotor protection, phase failure detection, soft start, mains under-voltage detection, over-temperature protection of electronics/motor, and short circuit protection.

· Performance Ratings:

Supply fan performance shall be rated and certified in accordance with AHRI Standard 430, latest edition.

· Sound Ratings:

Manufacturer shall submit first through eighth octave sound power for fan discharge and casing radiated sound. Sound ratings shall be tested in accordance with AHRI 260.

· Mounting:

1. AF, FC, Direct-drive PF with NEMA motor: Fan scroll, wheel, shaft, bearings, drives, and motor shall be mounted on a common base assembly. The base assembly is isolated from the outer casing with factory-installed isolators and rubber vibration absorbent fan discharge seal. A canvas style duct connection between fan discharge and cabinet is not acceptable. Units shall use 2-in. deflection spring isolators.

2. Direct drive PF with EC motor: Fan wheel, inlet plate, inlet ring, and motor and motor supports shall be a common assembly. The assembly is mounted directly to panels on an internal bulkhead wall.

· Fan Accessories:

1. Forward-curved fans:

a. Variable frequency drives with or without bypass.

b. Magnetic motor starters.

c. Motor disconnects.

d. Airflow measuring piezo ring.

e. Piezo ring transducer.

f. Motor shaft grounding ring.

g. Belt guards.

h. Inlet screen.

2. Airfoil Fans:

a. Variable frequency drives with or without bypass.

b. Magnetic motor starters.

c. Motor disconnects.

d. Airflow measuring piezo ring.

e. Piezo ring transducer.

f. Motor shaft grounding ring.

g. Belt guards.

h. Inlet screen.

3. Direct Drive Plenum Fans with NEMA “T” frame motors:

a. Variable frequency drives.

b. Motor protection box for motor current protection with a single VFD driving multiple motors.

c. Airflow measuring piezo ring.

d. Piezo ring transducer.

e. Motor shaft grounding ring.

f. Inlet guard.

g. Blank off plate.

h. Backdraft dampers.

Optional backdraft damper blades shall be 6063-T5 extruded aluminum channel with galvanized steel braces and extruded vinyl blade seals. Blades shall be mechanically fastened to axle rod rods rotating in corrosion-resistant, synthetic bearings. Blades open at 0.12 in. wg and are fully open at 0.2 in. wg.

4. Flexible Connection:

The base assembly is isolated from the outer casing with factory-installed isolators and rubber vibration absorbent fan discharge seal. A canvas style duct connection between fan discharge and cabinet is not acceptable.

5. Direct Drive Plenum Fans with EC Motors

a. Corrosion protection

b. Inlet guard

c. Blankoff plate

d. Backdraft dampers

e. Control options

1) 0-10 VDC

2) 4-20 mA

3) Modbus

4) BACnet

· BEARINGS AND DRIVES

· Bearings:

Self-aligning, grease lubricated, anti-friction with lubrication fittings extended to drive side of fan section. Optional grease fittings extended to the exterior of the casing are available. All bearing life calculations shall be done in accordance with ABMA 9 for ball bearings and ABMA 11 for roller bearings.

1. Size 03 to 110 forward-curved fans: Cartridge type bearings for Class I fans. Heavy-duty pillow block type, self-aligning, regreasable ball or roller type bearings selected for a minimum average life (L50) of 200,000 hours or optionally for an (L50) of 500,000 hours.

2. Size 03 to 110 airfoil fans: Heavy-duty pillow block type, self-aligning, regreasable ball or roller type bearings selected for a minimum average life (L50) of 200,000 hours or optionally for an (L50) of 500,000 hours.

· Shafts:

Fan shafts shall be solid steel, turned, ground, polished and coated with a rust inhibitor.

· V-Belt Drive:

Drive shall be designed for a minimum 1.2 service factor as standard with a 1.5 service factor option and/or a factory-supplied extra set of belts. Drives shall be fixed pitch with optional variable pitch for motors 15 hp and less. All drives shall be factory mounted, with sheaves aligned and belts properly tensioned.

· COILS

· All water, steam and direct expansion (DX) refrigerant coils shall be provided to meet the scheduled performance. All coil performance shall be certified in accordance with AHRI Standard 410. All water and direct expansion coils shall be tested at 450 psig air pressure. Direct expansion coils shall be designed and tested in accordance with ANSI/ASHRAE 15 Safety Code for Mechanical Refrigeration (latest edition). Factory-supplied 1/2-in. OD coils shall be covered under the standard product one-year limited warranty. All steam coils, integral face and bypass coils and 5/8-in. OD coils shall be warranted for a period not in excess of 12 months from their shipment from the manufacturer. Coil epoxy coating shall be covered under a 5-year limited warranty from the date of shipment from the manufacturer.

· General Fabrication:

1. All water and refrigerant coils shall have minimum 1/2-in. OD copper tubes mechanically expanded into fins to ensure high thermal performance with lower total flow and pumping requirements. Minimum tube wall thickness shall be 0.016 inches. Optional tube wall thickness of 0.025 in. shall be supplied, if specified.

2. Optionally, water coils shall have minimum 5/8‑in. OD copper tubes mechanically expanded into fins to ensure high thermal performance with lower total flow and pumping requirements. Minimum tube wall thickness shall be 0.020 inches. Optional tube wall thickness of 0.035 in. shall be supplied, if specified.

3. Aluminum plate fin type with belled collars available from 8 to 14 fins per inch in one fin per inch increments. Optional copper plate fins shall be supplied, if specified. Fin type shall be sine wave construction.

4. Aluminum-finned coils shall be supplied with die-formed casing and tube sheets of mill galvanized steel or stainless steel as specified. Copper-finned coils shall be supplied with stainless steel casing and tube sheets.

· Hydronic Heating and Cooling Coils:

1. Headers shall be constructed of steel with steel MPT connections. Headers shall have drain and vent connections accessible from the exterior of the unit. Optional non-ferrous headers and red brass MPT connections shall be supplied if specified.

2. Configuration: Coils shall be drainable, with non-trapping circuits. Coils will be suitable for a design working pressure of 300 psig at 200°F.

· Steam Distribution (Non-Freeze Type) Heating Coils:

1. Headers shall be steel with MPT connections.

2. Inner steam distributing tubes shall be 5/8-in. OD, 0.020 in. wall thickness, located within 1 in. OD, 0.030 in. wall outer condensing tubes. Working pressure shall be 175 psig at 400°F.

· Integral Face and Bypass Coils:

1. Sizes 03-14 shall have horizontal steam or hot water coils with a tubewall thickness of not less than 0.020 inches. Tubes shall be mechanically expanded into die formed collars formed in aluminum plate type fins.

2. Sizes 17-110 shall have vertical steam or hot water coils with a tubewall thickness of not less than 0.035 inches. Fins shall be spiral edge-wound copper. Tubes shall be free-floating for thermal expansion and contraction without the use of offset bends or floating headers.

· Refrigerant Coils:

1. Headers shall be constructed of copper with brazed joints.

2. Brass refrigerant distributors and seamless copper distribution tubes shall be factory supplied to ensure uniform flow.

3. Thermal expansion valves (TXV) and nozzles shall be factory installed and piped to the exterior of the casing. Equalizer lines shall be piped internal to the coil header.

4. Suction and liquid line pairs shall be located next to each other for easy circuit identification. A custom label showing TXV size, nozzle size and condensing unit circuit pairing shall be located on the side of the coil section.

5. Standard circuiting selections include:

a. Single distributor arrangement for sizes 03-17.

b. Row split intertwined multiple distributor arrangement for sizes 03-110.

c. Face split multiple distributor arrangement for sizes 03-110.

6. Coils selected with R-32 or R-454B (A2L refrigerants) shall be equipped with a refrigerant leak detection system which will include a dissipation board and refrigerant sensor(s) mounted within the refrigerant coil section and wired back to the motor starting device (if equipped).

7. Submittals must include a DX coil and condensing unit cross plot to show that the coil and condensing unit capacity match at the rated design conditions.

· Electric Heating Section:

1. The electric heater casing is constructed of galvanized steel. Heater control box access door shall be mounted on the designated hand side of the unit. Element construction as follows:

a. Open-wire type, 80% nickel, 20% chromium resistance coils, insulated by Steatite bushings and supported in a galvanized steel frame. Bushings shall be recessed into embossed openings and stacked into supporting brackets, spaced no more than 4-in. centers. Thermal cutouts for overtemperature protection shall be provided to meet UL and NEC requirements. Maximum element heating density shall be 55 watts/sq inch.

1) Contactor control - electric heaters up through 60 kW shall have 3 stages of control, beyond 60 kW shall have 6 stages of control.

2) SCR control - electric heaters up through a maximum of 90 amps are available with full SCR control. The entire heater is modulated to achieve the proportional control based on a 0 to 10 volt DC or 4 to 20 mA control signal.

3) Vernier control - the heater has full modulating control of the first circuit of heat, all of which is rated at equal kW increments. There is a minimum of 3 circuits for this type of control. These stage increments are turned on and off by a step controller. As each stage fulfills the demand for heat, the SCR increment is used as a fully modulating filler between stages. This end output is a fully proportional control of the electric heater based on a 0 to 10 volt DC or 4 to 20 mA control signal.

b. Sheathed type, 80% nickel, 20% chromium resistance coils, suspended in a magnesium oxide insulator fill within a tubular steel sheath/brazed fin assembly. Silicone rubber end seals shall prevent contamination of the interior, and the exterior shall be protected from corrosion by a high temperature aluminum coating. Thermal cutouts for overtemperature protection shall be provided to meet UL and NEC requirements. Maximum element heating density shall be 55 watts/sq inch.

1) Contactor control - electric heaters up through 60 kW shall have 3 stages of control, beyond 60 kW shall have 6 stages of control.

2. The manufacturer shall furnish an integral control box containing thermal cutouts, primary control, subcircuit fusing, airflow switch, and fused control transformer.

3. Electric heaters shall be UL listed for zero clearance and shall meet all applicable National Electric Code requirements.

4. Units with electric heat sections shall be listed under UL 60335-2-40 Standard for Safety.

· GAS HEATING SECTION

· Indirect fired gas furnace section(s) shall have a minimum thermal efficiency of 81% and incorporate agency listed gas-fired duct furnace(s) per UL, CSA, or ETL for operation on natural or propane gas to the current edition of ANSI Z83.8 or Canadian CSA 2.6 Standard for Gas-Fired Duct Furnaces. Duct furnaces shall be installed on the positive pressure side of the supply fan only.

· The duct furnace module(s) shall have:

1. 20 gauge galvanized steel heat exchanger cabinet.

2. 1 in. thick, minimum 1-1/2 lb per cu ft density thermal insulation for the heat exchanger cabinet.

3. Each furnace shall have an induced-draft fan for the removal of flue gases and to keep the heat exchanger at a negative pressure.

4. Air pressure switches to prove air supply for combustion before operation of gas valve.

5. Patented inshot gas burners with integral carryovers.

6. Direct-spark ignition of the gas burners with remote flame sensor to prove carryover across all burners.

7. A listed 24-vac redundant combination gas valve including two electric shutoff valves, gas pressure regulator, and a manual shutoff valve per furnace. 

8. An automatic reset type high limit switch to limit maximum outlet air temperature to less than 250°F.

9. Manual reset flame rollout switches.

10. Minimum of one 40 va, 24 vac control transformer.

11. 1/8-in. NPT tapped test gauge connection in the gas manifold for measuring gas pressure.

12. Union fitting downstream of gas control to facilitate installation and service.

13. Provision for attachment of a vent system to exhaust flue gases to the outdoors.

· Gas-fired duct furnace(s) provided shall have an 18 gauge tubular heat exchanger assembly suitable to withstand 3.0 in. wg total external static pressure without burner flame disturbance and constructed of either:

1. Type 409 stainless steel (0.044 minimum wall thickness) produced to ASTM A268.

2. Type 304L stainless tubes (0.047 minimum wall thickness) produced to ASTM A249.

· Gas heating section modules shall be listed for application downstream of refrigeration and cooling systems and shall provide means for removal of condensate that occurs in the tubes during cooling operation. Heat exchanger tubes shall have (integral formed dimpled restrictors; formed tubulators) to provide for an unobstructed drainage path and tubes shall be formed to provide a positive pitch to promote condensate drainage. Drainage shall be configured so that burners and burner surfaces are not exposed to condensate.

· Gas heating section shall incorporate a direct spark ignition control module listed by one of the following: UL, CSA, or ETL. 

· Controls shall provide:

1. 100% safety shutoff.

2. A 15-second minimum pre-purge period prior to trial for ignition.

3. High-energy direct spark ignition of main burners.

4. Electronic flame supervision incorporating a 0.8-second flame failure response time.

5. Up to 2 additional ignition retrials preceded by an inter-purge period.

6. A minimum 30-second post-purge.

7. Automatic reset after one hour to initiate additional ignition trials if lockout occurs during heat call.

8. An LED indicator light to provide a flash code to identify the operating condition of the control.

· Gas heating section shall be equipped for operation with 115 vac, single-phase, 60 Hz power supply.

· All electrical components shall be listed or recognized by UL, CSA, or ETL.

· Gas Furnace Control:

1. Single furnace — Operates from 10 to 100% of input from a single analog input of 0 to 10 vdc.

2. Two furnaces in series — Lead unit operates from 20 to 100% of input and secondary unit operates in two-stage operation to achieve overall system input of 10 to 100% from a single analog input of 0 to 10 vdc.

3. Furnace rack systems — Multiple furnaces operate from a single analog input of 0 to 10 vdc with a lead modulating furnace and multiple secondary two-stage furnaces to achieve overall system input of 10 to 100%. (10:1 turndown minimum; most rack systems provide greater than 10:1 turndown.)

· Electronic modulation — Operates from 10 to 100% of input from a single analog input of 0 to 10 vdc. Heat enable contact (supplied by others) initiates and ends heating cycles. Heating unit incorporates two-speed operation of combustion air blower and two-stage gas valve, signal amplifier and timer relay control.

· Gas supply pressure

1. Min gas valve inlet natural gas shall be 6.0 to 13.5 in. wg

2. Min gas valve inlet propane shall be 11.0 to 12.0 in. wg

· Units are orificed for operation up to 2000 ft above sea level unless specified for high altitude operation.

· Duct furnaces shall be test-fired prior to shipment to verify proper ignition, operation and shutdown and satisfactory operation of all components.

· Furnaces shall be provided with printed installation and maintenance instructions, burner operating and maintenance instructions, piping and wiring diagrams and installation start-up data sheet.

· ENERGY RECOVERY WHEEL

· Construction:

1. Wheel sections shall incorporate a rotary wheel in an insulated cassette frame complete with seals, drive motor and drive belt.

2. The wheel shall be coated with silica gel desiccant, permanently bonded without the use of binders or adhesives.

3. The substrate shall be made of a light weight polymer and shall not degrade nor require additional coatings for application in coastal environments.

4. Coated wheel segments shall be washable with detergent or alkaline coil cleaner and water.

5. The silica gel desiccant shall not dissolve nor deliquesce in the presence of water or high humidity.

6. The wheel polymer layers shall be wound continuously with one flat and one structured layer in an ideal parallel plate geometry providing laminar flow and minimum pressure drop.

7. The wheel shall incorporate the channel matrix design and an optional adjustable mechanical purge.

8. The polymer layers shall be captured in a stainless steel wheel frame or aluminum and stainless steel segment frames that provide a rigid and self-supporting matrix.

9. Energy recovery wheels greater than 25 inches in diameter shall be provided with removable wheel segments.

10. Wheel frame shall be a welded hub, spoke and rim assembly of stainless, plated and/or coated steel and shall be self-supporting without the wheel segments in place.

11. Wheel segments shall be removable without tools to facilitate maintenance and cleaning.

12. Wheel bearings shall provide an L-10 life in excess of 400,000 hours.

13. Wheel rim shall be continuous rolled stainless steel and the wheel shall be connected to the shaft by means of taper locks.

14. All diameter and perimeter seals shall be provided as part of the cassette assembly and shall be factory set.

15. Drive belts of stretch urethane shall be provided for wheel rim drive without the need for external tensioners or adjustment.

16. The energy recovery section shall be a UL recognized component for electrical and fire safety. The wheel drive motor shall be UL recognized and mounted in the cassette frame and supplied with a service connector or junction box.

17. Thermal performance shall be AHRI Standard 1060 certified and bear the AHRI Certified Product Seal. Cassettes shall be listed in the AHRI Certified Products Directory and bear the AHRI Certified Product Seal.

18. Wheel shall carry a 5-year parts warranty. This warranty is for all wheel cassette components except the drive motor, which carries the motor manufacturer’s warranty.

· HUMIDIFIERS

· The humidifiers shall be of the direct discharge type, using steam from existing steam lines or boilers to be injected into the air plenums for humidification.

· Each humidifier shall consist of multiple, vertical steam discharge pipes, supported on horizontal header manifolds, spaced to provide the optimum of steam to air contact while minimizing pressure drop. Each humidifier shall be sized to nominally match the air plenum width and height for maximum contact of the discharging steam to the air passing around the vertical steam discharge pipes.

· The vertical steam discharge pipes shall be constructed of 316 stainless steel. Each pipe shall have a full-length, inverted slot on each side for steam discharge at 100% air to steam contact. Nozzles and holes have less than 15% air to steam contact and are, therefore, unacceptable.

· A full-length stainless steel fishbone shaped baffle shall be used inside the vertical discharge pipe to wick condensate away from the discharge slots and back to the center of the pipe for re-evaporation.

· The feeder manifolds shall be constructed of 316 stainless steel, sized to move the steam in a specific mass-flow speed range, for maximum condensate separation. Final condensate separation shall occur inside the feeder manifolds, after the control valve, with the dried steam then injected directly into the vertical discharge pipes.

· Insulated uprights provide a cushion of air that reduces both heat gain and condensate formation. Insulated models have nozzles inserted in the uprights to ensure that only dry steam is delivered into the air.

· The steam humidifier shall be designed with slip fittings for easy assembly. The steam humidifier shall be designed without plastic nozzles, collars, o-rings or gaskets for zero maintenance.

· FILTER SECTIONS

· Flat filter sections shall accept either 2-in. or 4-in. filters. Sections shall include side access slide rails. Optional 6-in. filter racks shall be capable of accepting 4-in. final filters. Optional 2 in. pre-filter shall be available.


· Angle filter sections shall accept either 2-in. or 4-in. filters of standard sizes, arranged in a horizontal V formation.

· Draw-thru bag/cartridge filter sections shall be capable of accepting headered standard size 6-in. to 12-in. deep rigid media or bag filters and a 2-in. pre-filter.

· Draw-thru bag/cartridge filter sections shall be capable of accepting headered standard size 12-in. to 30-in. deep rigid media or bag filters and a 2-in. pre-filter.

· Blow-thru bag/cartridge filter sections shall contain a face loading filter frame and be capable of accepting standard size 12-in. deep rigid media (headered or box) or bag filters.

· Blow-thru HEPA filter sections shall contain a face loading filter frame and be capable of accepting standard size 12-in. deep HEPA box filters.

· Differential Pressure Gauges:

1. Housing shall be constructed of a glass filled nylon case and acrylic lens. Exterior finish shall be coated black.

2. Accuracy shall be ±5% of full scale throughout range at 70°F.

3. Pressure limits shall be 30 psig continuous to either pressure connection.

4. Temperature limits shall be 20 to 120°F.

5. Diameter of dial face shall be 2.33 in. 

6. Process connections shall be barbed, 3/16-in. for ID tubing.

· DAMPERS

· Factory-supplied dampers shall be warranted to be free from defects in material and workmanship for a period of 12 months after being installed or placed in service, but in no instance shall the period of warranty be longer than 18 months from the date of the original shipment by the manufacturer.

· Mixing boxes, filter-mixing boxes, and exhaust boxes shall have parallel or opposed blades and interconnecting outside-air and return-air dampers. Bottom damper locations shall be optionally available with a tool screen to prevent most objects from falling through a bottom damper opening.

1. Standard Dampers:

Damper blades shall be constructed of galvanized steel, with blade seals and stainless steel jamb seals. Blades shall be mechanically fastened to axle rods rotating in self-lubricating synthetic bearings. Maximum leakage rate shall be 4 cfm/ft2 at 1 in. wg differential pressure.

2. Premium Dampers:

Damper blades shall be constructed of galvanized steel with a double-skin airfoil design, with blade seals and stainless steel jamb seals. Blades shall be mechanically fastened to axle rods rotating in self-lubricating synthetic bearings. Maximum leakage rate shall be 2 cfm/ft2 at 1 in. wg differential pressure.

3. Outside Air Measurement Dampers:

a. Damper frame shall be nominal 4 in. x 1 in. x minimum 0.081 in. and constructed of 6063-T5 extruded aluminum.

b. Airflow measuring blades shall be airfoil-shaped, heavy gauge anodized 6063-T5 extruded aluminum and fixed in 10 in. x minimum 16 gauge galvanized steel frame.

c. Jamb seals shall be flexible metal compression type along control damper sides.

d. Blade seals shall be neoprene along control damper blade edges.

e. Bearings shall be molded synthetic.

f. Linkage shall be galvanized steel, concealed in frame.

g. Axles shall be minimum 1/2-in. diameter plated steel, hex-shaped, mechanically attached to blade.

h. Operating temperature shall be –22 to 140°F.

i. Air straightener section shall be aluminum alloy honeycomb contained in 5 in. long, 16 gauge galvanized steel sleeve attached to monitoring blade frame.

j. Airflow range shall be 400 to 5,000 ft per minute face velocity.

k. Maximum leakage rate shall be 2 cfm/ft2 at 1 in. wg differential pressure.

· Integral Face and Bypass Dampers:

1. Integral face and bypass (IFB) coils shall be capable of maintaining a constant air volume, within 5%, shall be capable of maintaining a constant leaving air temperature as entering air conditions vary, and shall be capable of producing mixed leaving air temperatures within 3 ft downstream with a maximum variance in air temperature of 5°F, regardless of damper position.

2. When no heating is required, dampers shall divert air to bypass around heating surface with minimal temperature override.

3. Coil casing, dampers and baffles shall be fabricated from galvanized steel with an option for stainless steel. Coils shall be tested at 300 psig.

4. Integral face and bypass coils shall be provided with a connection point for field-mounted actuator(s), electrical or pneumatic, or can be provided from the factory at an additional cost.

5. Actuator connection point shall be mechanically attached to dampers via linkage mechanisms. Dampers shall be interconnected for operation simultaneously across each face of coil.

· Face and Bypass Dampers:

1. Internal Face and Bypass Dampers:

Internal face and bypass dampers shall be factory mounted in galvanized steel frame. Damper blades shall be constructed of galvanized steel, with high temperature blade and edge seals. Blades shall be mechanically fastened to axle rods rotating in self-lubricating synthetic bearings. To eliminate blade warping, face dampers shall be sectionalized to limit blade length to 60 in. maximum. Face damper blades shall be opposed and arranged to match coil face with top bypass, and internal linkage.

2. External Face and Bypass Dampers:

Face damper shall be factory mounted in galvanized steel frame. Damper blades shall be constructed of galvanized steel, with high temperature blade and edge seals. Blades shall be mechanically fastened to axle rods rotating in self-lubricating synthetic bearings. Bypass damper shall be constructed of galvanized steel, with blade seals and stainless steel jamb seals. Blades shall be mechanically fastened to axle rod rotating in self-lubricating synthetic bearings. Face damper blades shall be opposed with top bypass, and internally mounted linkage.

· Multi-Zone Dampers:

Multi-zone dampers shall be factory mounted in galvanized steel frame. Damper blades shall be constructed of galvanized steel with a double-skin airfoil design, with blade seals and stainless steel jamb seals. Blades shall be mechanically fastened to axle rods rotating in self-lubricating synthetic bearings. Maximum leakage rate shall be 11 cfm/ft2 at 1 in. wg differential pressure. Maximum pressure drop due to dampers shall be no more than 0.40 in. wg. Number of zones shall vary by size of section.

·  AIR MIXING SECTION

· KEES Air Mixxer®

Air mixer of 0.081-in. aluminum construction of size, performance and maximum pressure drop indicated. The air mixer shall mix two or more airstreams of differing temperature to within ±6°F of theoretical mixed-air temperature and provide a more uniform air velocity contour entering a downstream filter or coil bank.

· Blender Products Series IV Air Blender®1
Static mixing devices of a minimum 0.080 in. aluminum welded and mechanical fastened construction shall be installed where shown to enhance the mixing of outside air with return air to a desired mixing effectiveness and provide even airflow across filters, coils and control sensors. When combined with a typical mixing box the mixing section shall provide a Mixing Effectiveness of 65% with a minimum outdoor air percentage of 30%. Air mixer models shall be geometrically scaled to ensure proper performance across full range of applications. Mixers that are not geometrically scaled are not acceptable.

·  UV-C GERMICIDAL LAMPS

· Emitters and fixtures for UV-C lamps shall be designed for use inside an HVAC system and shall be covered by a 1 year warranty. Individual lamp output shall be measured in an ASME nozzled test apparatus using a 45°F airstream moving at not less than 400 fpm. Lamp output at 253.7 nm shall not be less than 10 mW/cm2 per inch of arc length measured at a distance of one meter.

· Power supplies for UV-C lamps shall be a high-efficiency electronic type which are matched to the emitters and are capable of producing the specified output intensity with an input power no more than 80 watts.

· Fixtures for UV-C lamps shall be factory installed and wired to a SPDT disconnect switch and door interlock switches in each door. Fixtures are wired for 120 v/single ph requiring a minimum circuit ampacity of 15 amps. Lamps shall ship separately for field installation to minimize the chance for bulb damage.

· Emitters and fixtures shall be installed in sufficient quantity and arranged so as to provide an equal distribution of UV-C energy on the coil and drain pan.

· The minimum UV-C energy striking the leading edge of the coil pan shall be not less than 820 mW/cm2 at the closest point and through placement, not less than 60% of that value at the farthest point. Equal amounts are to strike the drain pan, either directly or indirectly through reflection.

· Emitters and fixtures shall be installed such that UV‑C energy strikes all surfaces of the coil, drain pan, and the available line of sight airstream.

· ELECTRICAL ACCESSORIES:

· ECM Power Distribution Panel

1. Power distribution panel shall be enclosed in a NEMA 4 electrical box and shall be included with every fan section which has an ECM fan array.

2. 
A single line of sight disconnect for the entire fan array shall be located on the outside of the electrical box. 

3. 
Individual circuit breakers for each fan shall be mounted on the power distribution panel to isolate each fan for service. Fans shall be factory wired back to the power distribution panel.

4. 
Control wiring from all fans in the array shall terminate at one point inside the power distribution panel to control the entire array. Control signal shall be wired as 0-10 volt and shall include a field installed resistor if 4-20 mA control is required.

5. 
BACnet or Modbus shall be available as an option. When selected, all motors shall be factory addressed.

· Single Point Power:

The single point power (SPP) box shall have an externally mounted, complete unit line of site disconnect. Internally, the single point power box shall have individual circuit breakers for each circuit, allowing individual circuit protection and a means of disconnect while not completely disabling the unit. SPP box locations shall be offered as:

a. Single Point Power Right Side Mount

b. Single Point Power Left Side Mount

c. Single point Power End Mount

1. Single Point Power Enclosure:

a. Enclosure supplied shall have appropriately sized circuit breakers, fusing, wiring, labeling and penetrations based on the unit configuration. 

b. Enclosure shall be equipped with a lockable door and a NEMA extended rotary handle mechanism on the enclosure door to provide a means for external disconnect operation to the main circuit breaker switch within the SPP enclosure.

c. Enclosure to be SCE “Enviroline” NEMA 4 steel or equivalent.

d. Enclosure to be suitable for both indoor and outdoor applications and shall operate within temperature limits of –20°F to +140°F.

e. All SPP assemblies shall comply with UL 508 and be labeled as compliant.

f. Wiring penetrations shall be pre-punched in the back of the enclosure and enter the inside of the air handling unit through strain reliefs. Enclosure shall be gasketed and sealed to the panel it is mounted to.

g. A single 120 volt GFCI outlet shall be mounted on the enclosure when at least one marine light, convenience outlet, UV-C section or controls section is selected.

h. Internal components (i.e., Fuse blocks, circuit breakers) shall be labeled with the appropriate circuit identification. 

i. Enclosure assemblies supplied with fuses shall have a label affixed that provides replacement fuse identification.

j. All enclosures shall have the following labels adhered to the inside of the enclosure door: UL 508 labeling, amperage and voltage rating, maximum overcurrent protection rating.

2. Transformer:

a. Single phase resin filled.

b. Low voltage transformer to be Square D or equivalent. 

c. NEMA 3R enclosure rating.

d. Stepdown shall be one of the following:

1) 240/480 volt primary to 120/240 volt secondary 60 Hz

2) 600 volt primary to 120/240 volt secondary 60 Hz

3) 190/200/208/220 or 380/400/416/440 volt primary to 110/220 volt secondary 
50/60 Hz.

3. Wiring and Harnesses:

a. Wiring harnesses shall be specifically designed for the unit configuration. Generic wiring harnesses are not acceptable.

b. Wire assemblies shall be thermoplastic heat resistant nylon coated (THHN) stranded copper (90°C) or AWM wire. All wires used shall be moisture resistant. Conductors shall be bundled and sleeved with heat-shrink material over connector end and sleeve. All colored electrical tape for wire marking shall be “3M Super 35 electrical tape”. For readability, laser print to be black on white background, smudge and wear resistant for life of wire assembly. The crimping of contactors to wires and the assembly of connectors to contactors shall follow manufacturer’s instructions.

c. Wiring harnesses shall have polarized plugs that can only be assembled one way. Plugs shall have the ground lug identified by a green connector, while all of the powered lugs shall be black.

d. If a shipping split is inserted in the unit configuration, a label shall instruct the assembler to connect the single point wiring harness before the two unit sections are mated. Each wiring harness shall extend at least 12 in. from each shipping split to allow the harnesses to be mated.

· Marine Lights and Convenience Outlets:

1. Cast, non-ferrous metal, weatherproof, fixture.

2. Cast, non-ferrous metal, weatherproof, electrical junction box.

3. Gasketed, heat and shock resistant glass globe protects against moisture and debris.

4. Cast, non-ferrous metal lamp guard to protect glass globe.

5. UL and CSA listed.

6. 100 watt type ‘A’ lamp maximum capacity.

7. Each fixture is equipped with a 9.5 watt, 120 volt 800 lumen LED lamp with an average rated life of 25,000 hours, factory installed.

8. Metallic, single gang, electrical junction box, UL listed.

9. With convenience outlet: Factory supplied and wired, SPST, toggle switch and 15 amp, 120 vac/60 Hz, NEMA 5-15 type, ground fault circuit interrupt (GFCI) receptacle, UL listed.

10. Without convenience outlet: Factory supplied and wired, SPST, UL listed toggle switch.

11. Each fixture is factory wired to an externally mounted switch box. (Field power connections are made to the switch box mounted externally on the unit.)

12. All factory wiring penetrating through the panel is protected in ‘RIGID’ type metal conduit.

· Disconnects:

Factory-supplied disconnects shall be covered under a 1 year limited warranty from the manufacturer from the date of shipment.

1. 115-230 volt/single-phase non-fused disconnects shall have the following characteristics:

a. Plated current carrying components for superior corrosion protection.

b. Factory-installed equipment grounding terminals with slot/square drive screws.

c. Rated for motor disconnect applications (10 Hp maximum).

d. NEMA type 3R non-metallic enclosure.

e. Up to 10,000 rms symmetrical amperes SCCR, when protected by a fuse or circuit breaker rated 60 amperes or less.

f. Cover padlock hasp.

g. Pull-out cartridge type.

h. UL listed.

2. 115-230 volt/single-phase fused disconnects shall have the following characteristics:

a. Visible blades.

b. Quick-make, quick-break operating mechanism.

c. Cover padlock hasp and handle lock “OFF.”

d. 240 vac maximum.

e. Factory supplied and installed class ‘T Series’ fuses (fused disconnects only).

f. Up to 10,000 rms symmetrical amperes SCCR, utilizing appropriately rated factory-supplied fuses.

g. Horsepower rated for motor applications.

h. Tangential combination knockouts for field wiring.

i. Spring reinforced plated copper fuse clips.

j. NEMA type 1 enclosures.

k. Insulated, bondable solid neutral assemblies.

l. UL listed, File E2875.

m. Meet or exceed NEMA KS1-1990.

3. 200-230 volt/3-phase fused and non-fused disconnects shall have the following characteristics:

a. Visible blades.

b. Quick-make, quick-break operating mechanism.

c. Cover padlock hasp and handle lock “OFF.”

d. 240 vac maximum.

e. Factory supplied and installed class RK5 fuses (fused disconnects only).

f. Up to 100,000 rms symmetrical amperes SCCR, utilizing appropriately rated, factory-supplied Class R fuses.

g. Horsepower rated for motor applications.

h. Tangential combination knockouts for field wiring.

i. Spring reinforced plated copper fuse clips.

j. NEMA type 1 enclosures.

k. Insulated, bondable solid neutral assemblies.

l. UL listed, File E2875.

m. Meet or exceed NEMA KS1-1990.

4. 380-575 volt/3-phase fused and non-fused disconnects shall have the following characteristics:

a. Visible switch blades with for positive “OFF” indication.

b. Quick-make, quick-break operating mechanism.

c. Dual cover interlock.

d. Color coded “ON” — “OFF” indicator handle.

e. Cover padlock hasp and handle lock “OFF” provision for multiple padlocks.

f. 600 vac maximum.

g. Factory supplied and installed class RK5 fuses (fused disconnects only).

h. Up to 200,000 rms symmetrical amperes SCCR, utilizing appropriately rated, factory-supplied Class R fuses.

i. Horsepower rated for motor applications.

j. Spring reinforced plated copper fuse clips.

k. Tangential combination knockouts.

l. NEMA type 1 enclosures.

m. Insulated, bondable solid neutral assemblies.

n. Wire terminations suitable for aluminum or copper conductors.

o. UL listed.

p. Meet or exceed NEMA KS1-1999.

· Starters:

Factory-supplied disconnects shall be covered under a 1 year limited warranty from the manufacturer from the date of shipment.

1. Starter without disconnect:

a. Adjustable motor overload with trip indication.

b. Manual overload reset button (accessible without opening enclosure).

c. 115-v fused secondary control transformer (fuse included — fused primary and secondary over 50 amps).

d. Hand/Off/Auto selector switch (accessible without opening enclosure).

e. Separate 4-position terminal strip for remote H-O-A wiring.

f. C series contactors.

g. Horsepower rated for motor applications.

h. NEMA 4 or higher enclosures.

i. Lug connections for field wiring.

j. Factory mounted, wired, and run tested with factory-supplied motor.

k. UL listed.

2. Combination Starter/Disconnect:

a. Non-fused UL 508 disconnect switch with lockable handle (locks not provided).

b. Cover interlock.

c. Adjustable motor overload with trip indication.

d. Manual overload reset button (accessible without opening enclosure).

e. 115-v fused secondary control transformer (fuse included — fused primary and secondary over 50 amps).

f. Hand/Off/Auto selector switch (accessible without opening enclosure).

g. Separate 4-position terminal strip for remote H-O-A wiring.

h. C series contactors.

i. Horsepower rated for motor applications.

j. NEMA 4 or higher enclosures.

k. Lug connections for field power wiring.

l. Factory mounted, wired, and run tested with factory-supplied motor.

m. UL listed.

· External Bypass for Variable Frequency Drives:

Factory-supplied bypasses shall be covered under a 1 year limited warranty from the manufacturer from the date of shipment.

1. 200-230 v/3 Ph/60 Hz (1 to 7.5 Hp), 460-575 v/3 Ph/60 Hz (1 to 20 Hp), 380 v/3 Ph/50 Hz (1 to 15 Hp):

a. 4-position panel-mounted disconnect style switch with lockable handle (locks not provided), meets OSHA 1910.

b. Switch position indication (LINE/OFF/ DRIVE/TEST).

c. Adjustable motor overload with trip indication (LINE position).

d. Manual overload reset button.

e. Horsepower rated for motor applications.

f. Direct control (no contactors, relays, or holding coils).

g. Complete isolation of inverter in LINE position.

h. NEMA 12 type metal enclosures.

i. Terminal strip provided for field power supply wiring.

j. Lug connection for field ground wire.

k. Gold flashed, auxiliary switch contact set (for switch position monitoring).

l. Factory mounted, wired to VFD and motor, and run tested (motor and VFD must be factory supplied and installed).

m. UL; UL, Canada; CE listed.

2. 200-230 v/3 Ph/60 Hz (10 to 75 Hp), 460-575 v/3 Ph/60 Hz (25 to 150 Hp), 380 v/3 Ph/50 Hz (20 to 75 Hp):

a. 4-position panel-mounted disconnect style switch with lockable handle (locks not provided), meets OSHA 1910.

b. Switch position indication (LINE/OFF/ DRIVE/TEST).

c. Adjustable motor overload with trip indication (in LINE position).

d. Manual overload reset button.

e. Horsepower rated for motor applications.

f. 115-v control transformer with fused secondary (fused primary on units over 50 amps).

g. Contactor for Line Start/Stop.

h. Door-mounted Line Start and Line Stop pushbuttons.

i. Complete isolation of inverter in LINE position.

j. NEMA 12 type metal enclosures.

k. Terminal strip provided for field power supply wiring.

l. 
Lug connection for field ground wire.

m. Gold flashed, auxiliary switch contact set (for switch position monitoring).

n. Factory mounted, wired to VFD and motor, and run tested (motor and VFD must be factory supplied and installed).

o. UL; UL, Canada; CE listed.

· Variable Frequency Drives:

1. Referenced Standards and Guidelines:

a. Institute of Electrical and Electronic Engineers (IEEE)

1) IEEE 519-2014, IEEE Recommended Practice and Requirements for Harmonic Control in Electric Power Systems.

b. Underwriters Laboratories (as appropriate)

1) UL508A

2) UL 61800-5-1

c. National Electric Code (NEC)

1) NEC 430.120, Adjustable-Speed Drive Systems

d. CSA Group 

1) CSA C22.2 No. 274

e. International Building Code (IBC)

1) IBC 2018 Seismic - referencing ASCE 7-16 and ICC AC-156

2. Qualifications:

a. Drives shall be UL labeled as a complete assembly. The base VFD shall be UL listed for 100 kA SCCR when installed in accordance with the manufacturer’s guidelines.

b. CE Mark - The base drive shall conform to the European Union Electromagnetic Compatibility directive, a requirement for CE marking. The base drive shall meet product standard EN 61800-3 for the First Environment restricted distribution (Category C2).

c. The base drive shall be seismically certified and labeled as such in accordance with the 2018 International Building Code (IBC):

1) Seismic importance factor of 1.5, and minimum 2.5 SDS rating is required. 

2) Ratings shall be based upon actual shake test data as defined by ICC AC-156, via all three axis of motion. 

3) Seismic certification of equipment and components shall be provided by HCAI (formerly OSHPD) preapproval.

d. The base drive shall be SEMI-F47 certified. The drive must tolerate voltage sags to 50% for up to 0.2 seconds, sags to 70% for up to 0.5 seconds, and sags to 80% for up to one second.

e. Factory-mounted variable frequency drives (VFDs) shall be wired to factory-supplied motors.

f. Factory-supplied VFDs are programmed and started up from the factory and qualify the VFD, through ABB, for a 36-month warranty from date of commissioning or 40 months from date of sale, whichever occurs first.

g. The VFD parameters are programmed into the controller and removable keypad. In the event that the VFD fails and needs replacement, the program can then be uploaded to the replacement VFD via the original keypad.

3. The drive package as specified herein and defined on the drive schedule shall be enclosed in a UL Type enclosure (enclosures with only NEMA ratings are not acceptable), completely assembled and tested by the manufacturer to ISO9001 standards.

4. The drive shall provide full rated output from a line of +10% to -15% of nominal voltage. The drive shall continue to operate without faulting from a line of +25% to -35% of nominal voltage.

a. Drives shall be capable of continuous full load operation under the following environmental operating conditions: 

1) Ambient temperature –15 to 40°C (5 to 104°F). 

2) Altitude 0 to 1000 m (0 to 3,300 ft) above sea level. 

3) Humidity 5 to 95%, non-condensing.

5. All drives shall utilize the same Advanced Control Panel (keypad) user interface.

a. Plain English text

1) The display shall be in complete English words for programming and fault diagnostics (alpha-numeric codes are not acceptable). 

2) Safety interlock and run permissive status shall be displayed using predetermined application specific nomenclature, such as: Damper end switch, smoke alarm, vibration trip, and overpressure.

3) Safety interlock, run permissive, Supervisory, external fault status, drive name, drive fault contact info and override shall have the option of additional customized project specific terms, such as: AHU-1 End Switch, Office Smoke Alarm, CT-2 Vibration.

b. The control panel shall include at minimum the followings controls:

1) Four navigation keys (Up, Down, Left, Right) and two soft keys to simplify operation and programming.

2) Hand-Off-Auto selections and manual speed control without having to navigate to a parameter. 

3) Fault Reset and Help keys. The Help key shall include assistance for programming and troubleshooting. 

c. Multiple Home View screens shall be capable of displaying up to 21 points of information. Customizable modules shall include bar charts, graphs, meters, and data lists. Displays shall provide real time graphical trending of output power, frequency, and current within selectable intervals of 15/30/60 minutes and 24 hours.

d. The control panel shall display the following items on a single screen; output frequency, output current, reference signal, drive name, time, and operating mode (Hand vs Auto, Run vs Stop). Bi-color (red/green) status LED shall be included. Drive (equipment) name shall be customizable. 

e. There shall be a built-in time clock in the control panel. The clock shall have a battery backup with 10 years minimum life span. Daylight savings time shall be selectable.

f. I/O Summary display with a single screen shall indicate and provide:

1) The status/values of all analog inputs, analog outputs, digital inputs, and relay outputs. Drives that require access to internal or live components to measure these values, are not acceptable. 

2) The programmed function of all analog inputs, analog outputs, digital inputs, and relay outputs.

3) The ability to force individual digital I/O high or low and individual analog I/O to desired value, for increased personal protection during drive commissioning and troubleshooting. Drives that require access to internal or live components to perform these functions, are not acceptable.

g. The drive shall automatically backup parameters to the control panel. In addition to the automatic backup, the drive shall allow two additional unique backup parameter sets to be stored. Backup files shall include a time and date stamp. In the event of a drive failure, the control panel of the original drive can be installed on the replacement drive, and parameters from that control panel can be downloaded into the replacement drive.

h. The control panel shall display local technical support contact information as part of drive fault status. 

i. The control panel shall be removable, capable of remote mounting. 

j. The control panel shall have the ability to store screen shots, which are downloadable via USB.

k. The drive shall generate a QR code, which contains drive identification data, information on the latest events, and values of status and counter parameters. 

l. The LCD screen shall be backlit with the ability to adjust the screen brightness and contrast, with inverted contrast mode. A user-selectable timer shall dim the display and save power when not in use. The control panel shall include assistants specifically designed to facilitate start-up. Assistants shall include: First Start Assistant, Basic Operation, Basic Control, and PID Assistant.

m. Primary settings for HVAC shall provide quick set-up without the use of alpha-numerical parameters, for commissioning the drive and customer interfaces to reduce programming time.

n. The drive shall be able to operate with the control panel removed. 

o. The drive shall be able to support a Bluetooth Advanced Control Panel. The Bluetooth control panel shall be FCC and QDL (Qualified Design Listing) certified.

1) A free app (iOS and Android) shall replicate the control panel on a mobile device or tablet. The control panel's programming and control functionality shall function on the device. Customizing text, such as AHU-1 End Switch, shall be supported by the device's keyboard.

2) Bluetooth connectivity shall allow uploading, downloading, and emailing of parameter sets.

3) Bluetooth connectivity shall include two pairing modes: Always discoverable with a fixed passcode, and manual discovery with a unique generated passcode every pairing.

4) Bluetooth connectivity shall be capable of being switched 

6. All drives shall have the following hardware features/characteristics as standard:

a. Two (2) programmable analog inputs shall accept current or voltage signals. Current or Voltage selection configured via control panel. Drives that require access to internal components to perform these functions, are not acceptable.

b. Two (2) programmable analog outputs. At least one of the analog outputs shall be adjustable for current or voltage signal, configured via control panel. Drives that require access to internal components to perform these functions, are not acceptable.

c. Six (6) programmable digital inputs. All digital inputs shall be programmable to support both active high and active low logic, and shall include adjustable on/off time delays. The digital input shall be capable of accepting both 24 VDC and 24 VAC.

d. Three (3) programmable Form-C relay outputs. The relay outputs shall include programmable on/off time delays. The relays shall be rated for a continuous current rating of 2 Amps. Maximum switching voltage of 250 VAC / 30 VDC. Open collector and Form-A relays are not acceptable. Drives that have less than (3) Form-C relay outputs shall provide an option card to provide additional relay outputs.

e. Drive terminal blocks shall be color coded for easy identification of function.

f. The drive shall include an isolated USB port for interface between the drive and a laptop. A non-isolated USB port is not acceptable. 

g. An auxiliary power supply rated at 24 VDC, 250 mA shall be included.

h. At a minimum, the drives shall have internal impedance equivalent to 5% to reduce the harmonics to the power line. 5% impedance may be from dual (positive and negative DC link) chokes, or AC line reactor. Drives with only one DC link choke shall add an AC line choke integral to the drive enclosure. Reference the drive schedule to determine if additional harmonic mitigation is required for the system to comply with IEEE 519-2014. 

i. The drive shall have cooling fans that are designed for field replacement. The primary cooling fan shall operate only when required and be variable speed for increased longevity and lower noise levels. Drives whose primary cooling fans are not variable speed, shall include a spare cooling fan.

j. The overload rating of the drive shall be 110% of its normal duty current rating for 1 minute every 10 minutes, 135% overload for 2 seconds every minute. The minimum current rating shall meet or exceed the values in the NEC/UL table 430.250 for 4-pole motors.

k. The input current rating of the drive shall not be greater than the output current rating. Per NFPA 70 430.122, drives with higher input current ratings may require the upstream wiring, protection devices, and source transformers to be upsized.

l. Circuit boards shall be coated per IEC 60721-3-3; Chemical gases Class 3C2 and Solid particles Class 3S2. 

m. Earth (ground) fault detection shall function in both modulating (running) and non-modulating modes. 

n. Coordinated AC transient surge protection system consisting of 4 MOVs (phase-to-phase and phase-to-ground), a capacitor clamp, and internal chokes. The MOVs shall comply with UL 1449 4th Edition. Drives that do not include coordinated AC transient surge protection shall include an external TVSS/SPD (Transient Voltage Surge Suppressor/Surge Protection Device). 

o. The drive shall include a robust DC bus to provide short term power-loss ride through. The DC bus Joule to drive kVA ratio shall be 4.5 J/kVA or higher. An inertia-based ride through function should help maintain the DC bus voltage during power loss events. Drives with control power ride through only, are not acceptable. 

7. All drives shall have the following software features as standard:

a. A Fault Logger that stores the last 16 faults in non-volatile memory. 
1) The most recent 5 faults save at least 9 data points, including but not limited to: Time/date, frequency, DC bus voltage, motor current, DI status, temperature, and status words.

2) The date and time of each fault and fault reset attempt shall be stored in the Fault Logger. 

b. An Event Logger that stores the last 16 warnings or events that occurred, in non-volatile memory.

1) Events shall include, but not limited to: Warning messages, checksum mismatch, run permissive open, start interlock open, automatic reset of a fault, power applied, auto start command, auto stop command, modulating started, and modulating stopped.

2) The date and time of each event’s start and completion points shall be stored in the Event Logger.

3) The drive shall also provide the user the ability to configure what events to log for application specific requirements.

c. Programmable start method. Start method shall be selectable based on the application and function even if the motor was freewheeling in the reverse direction: Flying-start, Normal-start, and Brake-on-start.

d. Programmable loss-of-load (broken belt/ coupling) indication. Indication shall be selectable as a control panel warning, relay output, or over network communications.This function to include a programmable time delay to eliminate false loss-of-load indications. 

e. The following three-phase AC motor technologies shall be compatible:

1) Asynchronous induction motors

2) Permanent magnet synchronous (non-salient pole) motor

3) Synchronous reluctance motor (SynRM)

4) Permanent magnet assisted synchronous reluctance motor (PMaSynRM)

f. Motor heating function to prevent condensation build up in the motor. Motor heating adjustment, via parameter, shall be in “Watts.” Heating functions based only on “percent current” are not acceptable.

g. Motor disconnect detection function enables the drive to detect when an output disconnect is opened, disable the drive output, and provide an indication message. Drives without this functionality shall have a disconnect switch auxiliary contact wired through dedicated conduit back to the drive enable control circuit.

h. Motor phase order shall be changeable through software interface

i. Advanced power metering abilities shall be included in the drive and must be available over network communications. Drives without these data points, must include a separate power meter with each drive. 

1) Instantaneous output power (kW)

2) Total power, broken down by kWh, MWh, and GWh units of measurement. Power meters that only display kWh and roll over or “max out” once the maximum kWh value is reached, are not acceptable. There shall be resettable and non-resettable total power meters within the drive.

3) Time based kWh metering for: current hour, previous hour, current day, and previous day.

4) Energy saving calculation shall be included that shows the energy and dollars saved by the drive.

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

k. DC bus voltage ripple function shall provide a DC voltage reference for troubleshooting AC line issues or bus capacitor health. 

l. Run permissive circuit - There shall be a run permissive circuit for damper or valve control. The drive shall provide a relay output to the damper actuator, monitor end-switch status, and start running the motor based on application requirements. Damper control shall include the following configurable features fully functional in both Hand and Auto modes: 

1) A timeout function that identifies and annunciates a specific warning message when a damper has not opened or closed within the allotted time.

2) Ability to interface with both damper open and damper closed end-switches on a single damper actuator.

3) Sequence control that runs the fan initially at a fixed speed before commanding a discharge air damper to open. Required for all applications feeding a common plenum/space to prevent the fan from freewheeling backwards while damper strokes open.

4) Multiple damper sequence control to support units with discharge air and outside air dampers. The drive shall command and verify the outside air damper is open before ramping the fan to a fixed speed, and then commanding the outside air damper open.

5) Time based damper control for when an end-switch is not provided. For units with outside air and discharge air dampers, both dampers should have independent time based control capability. 

m. Start interlock circuit - Four separate start interlock (safety) inputs shall be provided. When any safety is opened, the motor shall be commanded to stop. The control panel will display the specific safety(s) that are open. The status of each safety shall be transmitted over the network communications. Wiring multiple safeties in series is not acceptable.

n. External fault circuit - Three separate external fault inputs shall be provided. This circuit shall have the same features and functionality as the start interlock circuit, except it shall require a manual reset before the drive is allowed to operate the motor.

o. The drive shall provide automatic protections to allow uninterrupted operations at a reduced speed or switching frequency.

1) Switching frequency control circuit, that reduces the switching frequency based on actual drive temperature and allows higher switching frequency settings without derating the drive. It shall be possible to set a minimum and a target switching frequency. 

2) The drive shall include a temperature limit that when exceeded will reduce the drive output current.

3) Input phase loss protection shall be provided, whereas the output current is automatically derated by 50% if an input phase loss is detected by the drive. 

p. Visual function block adaptive programming allowing custom control schemes, minimizing the need for external controllers (i.e., cooling tower staging logic). A free software tool shall be used to configure adaptive programming.

q. The ability to automatically restart after an over-current, over-voltage, under-voltage, external fault, or loss of input signal protective trip. The number of restart attempts, trial time, and time between attempts shall be programmable. Each of these faults may have automatic restart individually disabled via a parameter selection.

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

s. The drive shall have three methods to control constant frequency/speed references:

1) Seven (7) programmable preset frequencies/speeds using (3) inputs. 

2) Six (6) different programmable preset frequencies/speed tied to 6 independent control inputs and requires an additional start command.

3) Six (6) different programmable preset frequencies/speed tied to 6 independent control inputs and does not require any additional start command input.

t. Two independently adjustable accel and decel ramps sets with 1 - 1800 seconds adjustable time ramps.

u. PID functionality shall be included in the drive. 

1) Programmable “Sleep” and “Wake up” functions to allow the drive to be started and stopped based on the level of a process feedback signal.

2) The drive shall include an independent PID loop for customer use, assigned to an Analog Output. This PID loop may be used for cooling tower bypass valve control, chilled water valve, etc. 

v. At least 4 parameter user sets that can be saved to the permanent memory and recalled using a digital input, timed function, or supervision function.

w. Drive shall be compatible with an accessory that allows the control board to be powered from an external 24 VDC/VAC source, allowing the drive control to remain powered by a UPS during an extended power outage.

x. A computer-based software tool shall be available to allow a laptop to program the drive. The drive shall be able to support programming without the need for line voltage. All necessary power shall be sourced via the laptop USB port. 

y. The drive shall include a fireman's override mode. Upon receipt of a contact closure from the Fire Alarm Life Safety system, the drive shall operate in a dedicated Override mode distinct and separate from the drive's Normal operation mode. The following features will be available in the drive override function:

1) The Override mode shall be secured by passcode to prevent changes once programmed.

2) The drive shall ignore external inputs and commands not defined as part of the override function.

3) Override operation mode shall be selectable between: single frequency, multiple fixed frequencies, follow an analog input signal, PID control, or come to a forced stop. 

4) High priority safeties shall stop the drive and lower priority safeties shall be ignored in Override mode. 

5) Drive faults shall be defined in Critical and Low priority groups. Critical faults shall stop the drive. Low priority faults shall be reset. Reset trials and timing shall be programmable.

6) The drive shall be configurable to receive from 1 to 3 discrete digital input signals and operate at up to three discrete speeds. 
8. Security Features

a. The drive manufacture shall clearly define cybersecurity capabilities for their products.

b. The drive shall include passcode protection against parameter changes.

1) There shall be multiple levels of passcode protection including: End User, Service, Advanced, and Override.

2) The drive shall support a customer generated unique passcode between 0 and 99,999,999.

3) The drive shall log an event whenever the drive passcode has been entered. 

4) The drive shall provide a security selection that prevents any “back door” entry. This selection even prevents the drive manufacturer from being able to bypass the security of that drive. 

5) A security level shall be available that prevents the drive from being flashed with new firmware.

c. A checksum feature shall be used to notify the owner of unauthorized parameter changes made to the drive. The checksum feature includes two unique values assigned to a specific programming configuration.

1) One checksum value shall represent all user editable parameters in the drive except communication setup parameters. A second checksum value shall represent all user editable parameters except communication setup, energy, and motor data parameters. 

2) Once the drive has been commissioned the two values can be independently saved in the drive. 

3) The drive shall be configurable to either: Log an Event, provide a Warning, or Fault upon a parameter change when the current checksum value does not equal the saved checksum value. 

d. The “Hand” and “Off” control panel buttons shall have the option to do the following:

1) Be individually disabled (via parameter) for drives mounted in public areas to prevent unauthorized changes.

2) Require a second button press of “Hand” or “Off” within 5 seconds of the original selection to confirm the change and prevent accidental transition out of “Auto” mode.

9. Network Communications

a. The drive shall have an EIA-485 port with removable terminal blocks. The onboard protocols shall be BACnet MS/TP, Modbus, and Johnson Controls N2. Optional communication cards for BACnet/IP, LonWorks, Profibus, Profinet, EtherNet/IP, Modbus TCP, and DeviceNet shall be available. The use of third party gateways are not acceptable. 

b. The drive shall have independent end of line (EOL) termination and biasing switches for EIA-485 networks. 

c. The drive shall contain EIA-485 network self-diagnostics to assist in troubleshooting issues such as incorrect polarity, incorrect baud rate, noise on the wire or addressing errors.

d. The drive shall have the ability to communicate via two protocols at the same time, one onboard protocol and one option card based protocol. Once installed, the drive shall automatically recognize any optional communication cards without the need for additional programming.

e. The drive shall not require a power cycle after communication parameters have been updated. 

f. The embedded BACnet connection shall be a MS/TP interface. The drive shall be BTL Listed to Revision 14 or later. Use of non-BTL Listed drives are not acceptable. 

g. The drive shall be classified as an Applications Specific Controller (B-ASC). The interface shall support all BIBBs defined by the BACnet standard profile for a B-ASC including, but not limited to:

3) Data Sharing: Read Property Multiple-B, Write Property Multiple-B, COV-B

4) Device Management: Time Synchronization-B

5) Object Type Support: MSV, Loop

h. The drive’s relay output status, digital input status, analog input/output values, Hand-Auto status, warning and fault information shall be capable of being monitored over the network. The drive’s start/stop command, speed reference command, relay outputs and analog outputs shall be capable of being controlled over the network. Remote drive fault reset shall be possible. 

10. Disconnect (optional) - A circuit breaker or disconnect switch shall be provided when indicated on the drive schedule. The disconnect shall be door interlocked and padlockable. Drive input fusing shall be included on all packaged units that include a disconnecting means. All disconnect configurations shall be UL Listed by the drive manufacturer as a complete assembly and carry a UL508A label. Disconnect packages manufactured by anyone other than the drive manufacturer, are not acceptable.

11. Eclipse Bypass (optional) - Bypass drive packages shall be provided when indicated on the drive schedule. All drive/bypass configurations shall be UL Listed by the drive manufacturer as a complete assembly and carry a UL508A label. Bypasses manufactured by anyone other than the drive manufacturer, are not acceptable.

a. The drive and bypass package shall be a complete factory wired and tested bypass system consisting of a padlockable disconnect device, drive output contactor, bypass contactor, and drive input fuses. 

b. The drive and bypass package shall have a UL listed short circuit current rating of 100 kA, for 240 VAC and 480 VAC systems, and this rating shall be indicated on the rating label.

c. The bypass control shall be powered by a three-phase switch mode power supply with a voltage tolerance of +30%, -35%. Single-phase power supplies and control power transformers (CPT) are not acceptable.

d. The drive and bypass package shall be seismic certified and labeled to the IBC. Seismic importance factor of 1.5 rating is required and shall be based upon actual shake table test data as defined by ICC AC-156. Seismic certification of equipment and components shall be provided by HCAI (formerly OSHPD) preapproval.

e. All bypass packages shall utilize a dedicated LCD bypass control panel (keypad) user interface. The bypass control panel must be a separate display from the drive control panel. Bypass packages that use a single shared drive/bypass control panel are not acceptable, due to that control panel acting as a single point of failure. 
1) The bypass shall include a two-line, 20-character LCD display. The display shall allow the user to access parameters and view:

· All three phases of the bypass input voltage, current (Amps) and power (kW)

· Bypass faults, warnings, and fault logs

· Bypass operating time and energy consumption (resettable)

2) The bypass control panel shall include the following controls:

· Four navigation keys (Up, Down, Enter, Escape)

· Bypass Hand-Off-Auto, Drive mode / Bypass mode selectors, Bypass fault reset 

3) The following indicating lights (LED PTT type) or control panel display indications shall be provided. 

· Drive mode selected, Bypass mode selected

· Drive running, Bypass running

· Drive fault, Bypass fault

4) Safety interlock and run permissive status shall be displayed using predetermined application specific nomenclature, such as: Damper end switch, smoke alarm, vibration trip, and overpressure. 

f. All bypasses shall have the following hardware features/characteristics as standard:

1) Six (6) digital inputs and five (5) Form-C relay outputs. The digital inputs shall be capable of accepting both 24 VDC and 24 VAC. The bypass control board shall include an auxiliary power supply rated 24 VDC, 250 mA. 

2) Drive isolation fuses shall be provided. Bypass designs which have no such fuses, or that only incorporate fuses common to both the drive and the bypass are not acceptable. Third contactor “isolation contactors” and service switches are not an acceptable alternative to drive isolation fuses. 

3) The bypass shall be able to detect a single-phase input power condition before the bypass contactor closes or while running the motor in bypass, by monitoring all three phases of input voltage.Relying on a high current trip if the motor is single-phased is not acceptable. 

4) The bypass shall be designed for stand-alone operation and be completely functional in both Hand and Automatic modes, even if the drive and/or drive's control board has failed. Network communications shall remain functional. Bypass systems that do not maintain full functionality in the event of a drive failure, are not acceptable.

g. All bypasses shall have the following software features as standard:

1) Programmable loss-of-load (broken belt / coupling) indication shall be functional in drive and bypass mode.

2) The bypass shall also support run permissive and start interlock control functionality, including start delay, as previously specified in the drive section. 
3) The bypass control shall monitor the status of the drive and bypass contactors and indicate when there is a welded contactor contact or open contactor coil. 

4) The bypass shall include a selection for either manual or automatic transfer to bypass. The automatic transfer mode shall allow the user to select the specific drive fault types that result in an automatic transfer to bypass. The automatic transfer mode shall not allow a transfer to bypass on motor related faults. Automatic transfer schemes that do not differentiate between fault types, are not acceptable. 
5) The bypass shall include the ability to select the operating mode of the system (Drive/Bypass) from either the bypass control panel or digital input.

6) The bypass shall include the ability to know the phase sequence and provide a phase sequence fault to indicate if the bypass and drive would run the motor in the opposite direction, this feature shall be enabled by default

7) The bypass shall include a supervisory control mode that monitors the value of the drive’s analog input (feedback). This feedback value is used to control the bypass contactor on/off state. The supervisory mode shall allow the user to maintain hysteresis control over applications such as cooling towers and booster pumps. 

8) Selectable Class 10, 20, or 30 electronic motor overload protection shall be included in both drive and bypass mode.

9) The drive and bypass shall be designed to operate as an integrated system when in Override mode. Whether operating in drive or bypass mode, the low priority safeties will be ignored, and high priority safeties will be followed. External start/stop commands will be ignored. There shall be four selectable Override modes:

· Bypass only, with two smoke control modes:

(1.) Fixed pre-configuration of digital inputs

(2.) Configurable high/low priority safeties and faults, to allow configuration to meet needs of local authority having jurisdiction. 

· Drive only

· Drive then transfer to bypass, in the event of a drive fault

· Force to stop

10) Before the bypass circuit can be tested in commissioning, the drive must start the motor to check for shorts and ground faults. 

h. Network communications - the bypass shall include BACnet MS/TP, Modbus, and Johnson Controls N2 as standard. The bypass BACnet implementation shall be BTL Listed to Revision 14 or later. Optional communication cards for BACnet/IP, LonWorks, Profibus, Profinet, Ethernet/IP, Modbus TCP, and DeviceNet shall be available. 
1) The bypass relay output status, digital input status, warning and fault information can be monitored over the network. Status information shall be monitored, including; operating mode (drive vs bypass), current drawn in bypass mode, broken belt, and phase-to-phase voltage.The bypass start/stop command, force to bypass command, and relay outputs shall be capable of being controlled over the network. 
�Third-party trademarks and logos are the property of their respective owners.
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