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MOTORS FOR HVAC
GENERAL
SUMMARY
Section includes general requirements for single-phase and polyphase, general-purpose, horizontal, small and medium, squirrel-cage induction motors for use on AC power systems up to 600 volts and installed at equipment manufacturer's factory or shipped separately by equipment manufacturer for field installation.
The standards for the motors listed below exceed those commonly found in the commercial HVAC market.  This is intentional and deviation is prohibited.  Typical campus applications require much longer service life than typical commercial applications.  Many of the applications are 24-hours per day and on variable frequency drives.  The various characteristics of high-end industrial motors ensure a very long life in campus service and provide significantly increased energy performance.  Their rugged construction helps ensure that initial efficiency is maintained over the life of the motor.  Improved characteristics such as reduced shaft runout, and foot flatness allow better alignment between the motor and the driven equipment.  This improves efficiency and reduces noise and vibration.
QUALITY ASSURANCE
Bearings: Bearing loads and bearing life shall be determined using AFBMA 9 - Load Ratings and Fatigue Life for Ball Bearings, and AFBMA 11 - Load Ratings and Fatigue Life for Roller Bearings.
Comply with NEMA MG 1 unless otherwise indicated.
Duty:  Continuous duty at ambient temperature of 40°C and at altitude of 3300 feet above sea level
Capacity and Torque Characteristics:  Sufficient to start, accelerate, and operate connected loads at designated speeds, at installed altitude and environment, with indicated operating sequence, and without exceeding nameplate ratings or considering service factor.
Motor Efficiency:  Motors one horsepower and larger shall exceed current NEMA Premium Efficiency standards. 
Structural Seismic Performance:  Refer to Division 23 Section “Vibration and Seismic Controls for HVAC.” 
COORDINATION
Coordinate features of motors, installed units, and accessory devices to be compatible with the following:
Motor controllers
Torque, speed, and horsepower requirements of the load
Ratings and characteristics of supply circuit and required control sequence.
Comply with requirements in this Section unless stricter requirements are specified in HVAC equipment schedules or Sections.
Ambient and environmental conditions of installation location
Matched to the VFD inverter mode and by-pass “across-the-line starting” mode 
Matched to the driven equipment by coordination, review, and approval by the manufacturer 
Motor applications shall be reviewed and analyzed by the manufacturer for proper bearing selections. Verify proper size and type of bearings are selected to match the particular motor application ensuring that specified motor bearing life is met.
ACTION SUBMITTALS
Product Data: For each motor provide with each respective equipment submittal, operating weights; and manufacturer's technical data on specified features, performance, electrical ratings, characteristics,  motor performance; percent efficiency, power factor, torque, RPM, power (W), and current vs. percent of rated power output (Horsepower) curves.
CLOSEOUT SUBMITTALS
Operation and maintenance manual for the motor and installed devices 
WARRANTY
Warranty for motors one horsepower and larger: Manufacturer’s extended warranty for 5 years from Substantial Completion. 
PRODUCTS
MANUFACTURERS
Manufacturers:  Subject to compliance with requirements, provide products by one of the manufacturers specified:
[bookmark: OLE_LINK3]U.S. Motors
General Electric
Siemens Motors
Baldor - Reliance
Westinghouse
Or equal
Or Equal:  Where products are specified by manufacturers name and accompanied by the term "or equal,” comply with provisions in Division 01, Substitutions Procedures. Specific procedures must be followed before approved use of an unnamed manufacturer.
MOTOR REQUIREMENTS
This specification shall apply to every HVAC motor.  Motor requirements apply to factory-installed or field-installed motors except as follows:
Manufacturer for a factory-installed motor requires ratings, performance, or characteristics, other than those specified in this Section, to meet performance specified.  This specification shall govern concerning efficiency, enclosure, and ruggedness of design.  Factory motors shall match these more stringent standards.
MOTOR CHARACTERISTICS
Motors one horsepower and larger:  Three-phase.
Motors three-quarter horsepower and smaller:  Three-phase or Single-phase.
Frequency Rating:  60 Hz
Voltage Rating:  NEMA standard voltage selected to operate on nominal circuit voltage to which motor is connected.  Polyphase-motor installations on less than 460-Volt nominal circuits shall require written permission from the University’s Representative.
Motors operating on nominal 208-volt systems shall be selected for operation at 200-volts.
Motors labeled for 208-230/460 volts are prohibited.
Motors for use on 208-volt system shall be rated at 200-volts. 
Motors for use on 480-volt systems shall be rated at 460-volts. 
Service Factor:  1.15 or more for motors on sine wave power; 1.0 for motors on inverter power
Duty:  “Severe Duty” and “Continuous Duty” at ambient temperature of 105°F and at altitude of 200 feet above sea level.
Capacity and Torque Characteristics:  Sufficient to start, accelerate, and operate connected loads at designated speeds, at installed altitude and environment, with indicated operating sequence, and without exceeding nameplate ratings or considering service factor.
Enclosure:  Provide Totally Enclosed Fan Cooled (TEFC); or Totally Enclosed Air Over (special applications only), or Totally Enclosed Non-Ventilated (special applications only).  Open Drip Proof Motors are prohibited.
SINGLE-PHASE MOTORS
Efficiency: Meet or exceed DOE 10 CFR Part 431, Energy Conservation Standards for Small Electric Motors 
Single-Phase Power for Fans - Electronically-Commutated (EC) Motors:
Drive: Direct-drive only, not for use with belt drive.
Power Supply: Internal motor circuitry shall convert AC power supplied to DC power to operate the motor.
Turndown: Speed-controllable down to 20 percent of full speed (80 percent turndown).
Speed Control: Integral potentiometer with screwdriver setting, remote potentiometer dial with 24 VDC transformer to generate a 0-10 VDC signal, or integral circuitry to accept a 0-10 VDC signal from the building control system, as indicated and specified.
Efficiency: Minimum of 85 percent efficient.
Soft-start type, capable of reliable start at any speed setting.
Enclosure: Totally enclosed, fan cooled or air over. 
Bearings: Permanently lubricated heavy duty ball bearings.
Overload Protection:
Automatic Speed Control: In the event of overheating or overloading, the motor electronics slow the motor to operate within its acceptable range.
Thermal Overload: Internally fused, one-shot type as a last resort to prevent fires.
Locked Rotor: If the motor sees a locked rotor condition, it will automatically shut itself down, then try to restart 3 times. After the 3rd try, the motor will not attempt to restart until the power is cycled.
POLYPHASE MOTORS ONE-HALF AND THREE-FOURTH HORSEPOWER
Efficiency: Meeting or exceeding DOE 10 CFR Part 431, Energy Conservation Standards for Small Electric Motors. 
Bearings: Sealed.
Service Factor: 1.25.
Use: Minimize use of motors in this size range by combining loads. 
POLYPHASE MOTORS ONE HORSEPOWER AND LARGER
Description:  NEMA MG 1, Design B, medium induction motor.
Minimum Efficiency:  NEMA  Premium (applicable to various motor speed selections)
Comply with IEEE 841, with 1.15 minimum service factor (applicable to all motors). 
Enclosure: Totally enclosed fan-cooled (TEFC), cast-iron (may use steel mounting base on 140-T frame series). IEC Standard 60529 Protection:  IP-44.
VFD Compatibility: “Inverter Ready” per NEMA Standard MG1, Part 31.4.4.2.
Windings:  Copper magnet wire with moisture-resistant insulation varnish, designed and tested to resist transient spikes, high frequencies, and short time rise pulses produced by pulse-width modulated inverters.
Insulation:  Class F or H insulation, with Class B temperature rise, non-hygroscopic.
Shaft Grounding Kit to reduce current flow through bearings, which has damaged many motors on campus. 
Variable torque Ratio:  10:1 minimum 
Rotor Balance Requirement:  0.08 inches per second maximum vibration
Bearings:  Shielded antifriction bearings suitable for application specific radial and thrust loading.
The manufacturer’s analysis, and selection, shall ensure bearings will have an L10 life of not less than 130,000 hours for direct-drive and not less than 40,000 hours for belt-drive. 
Bearing styles and types matching special loading requirements: Over-sized bearings as required
Ensure motor bearings conform to requirements for Variable Frequency Drive applications. 
IP 66 protection
Mounting Feet:  Cast-iron precision machined flatness for accurate motor base mounting alignment per NEMA MG1. 
Foot-to-foot flatness from mounting hole to mounting hole shall not exceed 0.005 inches. 
Conduit Boxes: Shall be over-sized NEMA, gasketed, repositionable box for field conduit routing adjustment, with grounding connection.  
Lifting Lugs:  For frame sizes 215 and above, provide permanent lifting provisions, such as eyebolts.
POLYPHASE MOTORS WITH ADDITIONAL REQUIREMENTS
Outdoor Applications:  For outdoor applications provide “rain-proof” motors with options listed below Outdoor motor features listed below offer better environmental enclosure protection, and are in “addition to the required features” of protected indoor motors:
IEC Standard 60529 Ingress Protection Rating:  IP-54.
Epoxy paint on enclosure and rotor.
Shaft slingers.
Stainless steel nameplate and hardware.
Motors Used with Reduced-Voltage and Multispeed Controllers:  Match wiring connection requirements for controller with required motor leads.  Provide terminals in motor terminal box, suited to control method.
Cooling Tower Fan and exposed Cooling Tower Pump Motors: provide with tropicalization (protective coating) treatment performed on internal components.
Motors Used with Variable Frequency Controllers:  
Windings:  Copper magnet wire with moisture-resistant insulation varnish, designed and tested to resist transient spikes, high frequencies, and short time rise pulses produced by pulse-width modulated inverters.
Energy- and Premium-Efficient Motors:  Class B temperature rise; Class F insulation.
Inverter-Duty Motors:  Class F temperature rise; Class H insulation.
Thermal Protection:  Comply with NEMA MG 1 requirements for thermally protected motors.
Shaft Grounding Ring Kit to reduce current flow through bearings.
SHAFT GROUNDING RINGS
Manufacturers:
Electro Static Technology Inc. - Aegis SGR product line.
Inpro/Seal, a division of Waukesha Bearings Corporation - CDR product line.
Or equal.
Provide shaft-grounding rings (SGRs) on at least one end of the motor for 3-phase motors ½ hp or larger intended for used with variable-frequency drives (VFDs).  The SGRs may be furnished by the motor manufacturer as an integral part of the motor, furnished factory-installed by the equipment manufacturer, or furnished for field installation by the equipment installer.
Description: Circumferential micro-fiber ring with metal frame, designed to conduct VFD induced bearing currents from the motor shaft to ground.  Provides protection recommended in NEMA MG 1.  Provide with mounting kit including bolts and bracket, or conductive epoxy to adhere to motor casing, to ensure ground connection from the SGR to the motor frame.
TEMPORARY MOTORS
If delivery of specified motor will delay completion or commissioning work, install motor approved by University’s Representative for temporary use.  Work will only be accepted when specified motor is installed.
EXECUTION
EXAMINATION
Examine areas to receive field-installed motors for compliance with requirements, installation tolerances, maintenance clearances, and other conditions affecting performance.
Examine rough-in of conduit systems to verify actual locations of conduit connections before motor installation.  Rotate motor junction box to align with conduit connection point.
Proceed with installation only after unsatisfactory conditions have been corrected.
MOTOR INSTALLATION
Anchor each motor assembly to base, adjustable rails, or other support, arranged and sized in accordance with manufacturer's written instructions.  Attach by bolting.  Level and align motor with base. Align motors, bases, shafts, pulleys and belts with driven equipment, or couplers.  Tension belts in accordance with manufacturer's written instructions.
Comply with mounting and anchoring requirements specified in Division 23 Section "Vibration and Seismic Controls for HVAC."
Connect motor leads to power source using rings and bolts or split bolts as needed.  Insulation of connected motor leads shall be of the highest quality and designed to withstand the same temperature as the internal windings.  Ordinary electrical tape as the only means of insulation is prohibited for this service.  Wire nuts are prohibited.
Motor power leads shall be marked at the source and at the connection box on the motor. 
FIELD QUALITY CONTROL
Prepare for acceptance tests as follows:
Run each motor with its controller.  Demonstrate correct rotation, alignment, and speed at motor design load.
Test interlocks and control features for proper operation.
Verify that current in each phase is within nameplate rating.
Testing:  University’s Representative may engage a qualified testing agency to perform a field quality-control test as stated in NETA ATS, Section 7.15.1 and certify compliance with test parameters.
After the University’s testing agency is finished, correct any malfunctioning units on-site, where possible, and retest to demonstrate compliance; otherwise, replace with new motors and the University shall retest.
ADJUSTING
Align motors, bases, and shafts.  
If belt drives are used, align motors, bases, shafts, pulleys and belts, and tension belts in accordance with manufacturer's written instructions.  
CLEANING
After completing equipment installation, inspect motor and unit components.  Remove paint splatters and other spots, dirt, and debris.  Repair damaged finish to match original finish.
Clean outside of motors and conduit boxes, and inside of conduit boxes, on completion of installation.  Follow manufacturer's written instructions for cleaning as applicable. 
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