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VARIABLE FREQUENCY DRIVES
GENERAL
SUMMARY
Section includes solid-state, Pulse Width Modulated (PWM) and Vector Control, VFD for speed control of three-phase, squirrel-cage induction motors for plumbing and HVAC equipment.
DEFINITIONS
PWM:  Pulse-width modulated.
VFD:  Variable frequency drive (may be referred to as “VSD” or “variable speed drive”, in other sections). Plural is implied with the acronym. 
ACTION SUBMITTALS
Product Data:  For each type of VFD, provide dimensions; mounting arrangements; location for conduit entries; shipping and operating weights; and manufacturer's technical data on features, performance, electrical ratings, characteristics, installation instructions, and finishes.
Shop Drawings:  For each VFD.
Include dimensioned plans, elevations, sections, and details, including required clearances and service space around equipment.  Show tabulations of installed devices, equipment features, and ratings.  Include the following:
Each installed unit's type and details.
Nameplate legends.
Short-circuit current ratings of integrated unit.
VFD UL listing for series rating of over-current protective devices in combination controllers.
Wiring Diagrams:  Power, signal, and control wiring for VFD.  Provide schematic wiring diagram for each type of VFD.
INFORMATIONAL SUBMITTALS
Coordination Drawings:  Floor plans showing dimensioned layout, required working clearances, and required area above and around VFD where pipe and ducts are prohibited.  Show VFD layout and relationships between electrical components and adjacent structural and mechanical elements.  Show support locations, type of support, and weight on each support.  Indicate field measurements.
Qualification Data:  For testing agency and manufacturer.
Manufacturer's field service report.
CLOSEOUT SUBMITTALS
Operation and Maintenance Data: For VFDs to include in emergency, operation, and maintenance manuals.
In addition to items specified in Section 01 7000 "Execution and Closeout Requirements," include the following:
Retain first subparagraph below if circuit breakers are specified in VFDs; retain second if field-adjustable overload relays are specified.
Manufacturer's written instructions for testing and adjusting thermal-magnetic circuit breaker and motor-circuit protector trip settings.
Manufacturer's written instructions for setting field-adjustable overload relays.
Manufacturer's written instructions for testing, adjusting, and reprogramming microprocessor control modules.
Manufacturer's written instructions for setting field-adjustable timers, controls, and status and alarm points.
Retain one or both subparagraphs below for projects with multiple sizes and types of VFDs, and when retaining motor-running overload protection in "Bypass Systems" Article. See Evaluations for discussion.
Load-Current and Overload-Relay Heater List: Compile after motors have been installed, and arrange to demonstrate that selection of heaters suits actual motor nameplate, full-load currents.
Load-Current and List of Settings of Adjustable Overload Relays: Compile after motors have been installed, and arrange to demonstrate that switch settings for motor-running overload protection suit actual motors to be protected.
QUALITY ASSURANCE
Manufacturer Qualifications:  Maintain, within 100 miles of Project site, a service center capable of providing training, parts, and emergency maintenance and repairs.
Source Limitations:  Obtain VFD of a single type through one source from a single manufacturer for every VFD required for the project.
Electrical Components, Devices, and Accessories:  Listed and labeled as defined in CEC, Article 100, by a testing agency acceptable to University’s Representative, and marked for intended use.
Design:  VFD shall meet requirements of IEC 801-2, IEC 801-4, and IEC 255-4 and shall be shall be UL listed.
Product Selection for Restricted Space:  Coordinate maximum dimensions for VFD, minimum clearances between VFD, and adjacent surfaces and other items.  Comply with manufacturer’s recommended clearances.
Comply with CEC.
VFD and by-pass, if applicable, shall be manufactured and tested in the United States of America.
VFD Manufacturer shall perform the following:
Control power test.
No Load test.
Partial Load test, at 10 Hz.
Full Load test (full amperage).
Voltage detection testing.
Calibration test.
Structural Seismic Performance:  Refer to Division 23 Section “Vibration and Seismic Controls for HVAC.” 
DELIVERY, STORAGE, AND HANDLING
Store VFD indoors in clean, dry space with uniform temperature to prevent condensation.  Protect VFD from exposure to dirt, fumes, water, corrosive substances, and physical damage.
If stored in areas subject to weather, cover VFD to protect them from weather, dirt, dust, corrosive substances, and physical damage.  Remove loose packing and flammable materials from inside controllers; install electric heating of sufficient wattage to prevent condensation.
COORDINATION
Coordinate layout and installation of VFD with other construction including conduit, piping, equipment, and adjacent surfaces.  Maintain required workspace clearances and required clearances for equipment access doors and panels.
Coordinate features of VFD, installed units, and accessory devices with pilot devices and control circuits to which they connect.
Coordinate features, accessories, and functions of each VFD and each installed unit with ratings and characteristics of supply circuit, motor, required control sequence, and duty cycle of motor and load.
Coordinate with rooftop custom air handling unit manufacturer to provide an electrical compartment that the NEMA 12 enclosed drive can be installed within in lieu of separate NEMA 3R enclosure.
Coordinate with Division 26 on location of VFD and disconnect switch.  Coordinate flexible electrical connections, and travel requirements, on spring/rubber isolated equipment such as fans, pumps, and other equipment.  Avoid unnecessary duplication of a disconnect switch since lockable integral disconnect with fuses shall be provided with VFD. Separate non-fused lockable disconnect is only required if VFD is not in line of sight of motor.  
WARRANTY
Special Warranty: Manufacturer agrees to repair or replace VFDs that fail in materials or workmanship within specified warranty period.
Warranty Period:  Two years from date of Substantial Completion.
PRODUCTS
MANUFACTURERS
Manufacturers:  Subject to compliance with requirements, provide products by one of the manufacturers specified.
Or Equal:  Where products are specified by manufacturers name and accompanied by the term "or equal", comply with provisions in Division 01.  Specific procedures must be followed before use of an unnamed product or manufacturer.
VARIABLE FREQUENCY CONTROLLERS
Manufacturers: Subject to compliance with requirements, provide products by one of the following:
ABB Power Distribution, Inc.; ABB Control, Inc. Subsidiary model ACH-580.
Or equal.
Description:  NEMA ICS 2, FWR, IGBT, PWM, PW rating of 1600 volts, VFD; listed and labeled as a complete unit and arranged to provide variable frequency of a NEMA MG 1, Design B, 3-phase, premium -efficiency induction motor by adjusting output voltage and frequency.  Drives 60 HP and larger shall use direct torque control technology.
Configuration
For parts interchangeability purposes, VFD shall have the same customer interface and control logic board, including digital display, keypad and control connections; regardless of horsepower rating. VFD from 2 HP to 400 HP shall have the same operator interface and keypad.  The keypad is to be used for local control (start/stop, hand, off, auto, forward/reverse, and speed adjust), for setting parameters, and for stepping through the displays and menus.
The VFD shall give the user the option of either (1) displaying a fault, or (2) running at a programmable preset speed if the input reference (4-20mA or 2-10V) is lost; as selected by the user.
The VFD’s shall use digital display in English.  The digital display shall be a 30-character (2 line x 16 characters/line,) LCD display.  The screen shall be backlit to provide easy viewing in any light condition.  The contrast should be adjustable to optimize viewing at any angle.
The Drive shall have local-remote for speed control and manual-auto for start-up.  When in “Local”, the VFD will be started, and the speed will be controlled from the speed up or speed down keypads.  When in “Off”, the VFD will be stopped.  When in “Auto”, the VFD will start via an external contact closure, and its speed will be controlled via an external speed reference. 
The VFD shall be capable of starting into a rotating load (forward or reverse) and accelerate or decelerate to set point without safety tripping or component damage (flying start).  Coast to stop before restart is not required.
VFD’s to have the following adjustments:
Three (3) programmable critical frequency lockout ranges to prevent the VFD from continuously operating at an unstable speed.
PID Set point controller shall be standard in the drive, allowing a pressure or flow signal to be connected to the VFD, using the microprocessor in the VFD for the closed loop control; thus eliminating the need for external controllers.  
Two (2) programmable analog inputs shall accept a current or voltage signal for speed reference and actual signals for PID controller.  Analog inputs shall include a filter, programmable from 0.01 to 10 seconds to remove any oscillation in the input signal.  The minimum and maximum values (gain and offset) shall be adjustable within the range of 0-20 mA and 0-10 volts.
Two independently adjustable acceleration and deceleration ramps.  These ramp times shall be adjustable from 1 to 1800 seconds.
Design and Rating:  Match load type such as fans, blowers, compressors and pumps; and type of connection used between motor and load such as direct or through a power-transmission connection.
Output Rating:  3-phase; 0 to 120 Hz, with voltage proportional to frequency throughout voltage range.
Unit Operating Requirements:
Input ac tolerance of 200V +/-10% at 48-63 Hz for nominal 208V systems, and 460V +/- 10% at 48-63 Hz for nominal 480 V systems.
Capable of driving full load, under the following conditions, without derating:
Ambient Temperature:  0 to 40 deg C.
Humidity:  Less than 95 percent (non-condensing).
Minimum Efficiency:   98 percent at 60 Hz, full load.
Minimum Displacement Primary-Side Power Factor:  98 percent.
Overload Capability:  1.1 times the base load current for 60 seconds; 2.0 times the base load current for 3 seconds.
Starting Torque:   150 percent of rated torque.
Speed Regulation:  Plus or minus 1 percent.
Isolated control interface to allow controller to follow control signal over an 11:1 speed range.
Self-Protection and Reliability Features:
The drive shall employ two current limit circuits to provide trip free operation:
The Rapid Current Regulation limit shall be adjustable from 50% to 180% of the VFD variable torque current rating.  If the motor current exceeds the current limit setting, the drive shall stop, and decrease the output frequency until the motor current is reduced below the current limit level, at which time the output frequency shall accelerate (at the rate set by the acceleration time) to the set frequency.  The rapid current regulation shall allow up to 200% current to be drawn for a short period of time before the current is reduced to the slow current regulation limit.
The Slow Current Regulation limit circuit shall be adjustable from 50% to 350% of the VFD variable torque current rating.  This current regulation operates similarly to the rapid current regulation, except at a slower rate.  This adjustment shall be made via the keypad, and shall be displayed in actual amps, and not as percent of full load.
The overload rating of the drive shall be 110% of its variable torque current rating for 1 minute every 10 minutes, and 115% of its variable torque current rating for 2 seconds every 10 seconds.
The VFD shall have a 100,000 Amp short circuit rating protection without the need of semi-conductor fuses.
The Customer terminal strip shall be isolated from the line and ground.
The drive shall have the inherent capability of protecting the motor connected to it, by stopping the motor when the motor temperature reaches the warning level of 95% of the nominal value, and displaying “MOTOR TEMP” fault in plain English.  The Drive shall calculate the motor temperature based on the Motor Load Curve.  The Motor Load Curve shall be defined by zero speed zero load and break point parameters.  100% of the Motor Load Curve shall be based on the Full Load Amperage inputted in the drive at startup time.  The load curve should be based on 104°F ambient temperature and cooling time during rest to be four times the cooling time of when the motor is running.  The Motor Load Curve shall be adjustable.  The Motor Theorem time shall also be adjustable from 20 to 10000 seconds, to prevent undesirable trips.  Motor thermal protection shall be accomplished without the need for external temperature sensors.
The VFD shall have the following protection circuits.  In the case of a protective trip, the drive shall stop, and announce the fault condition in complete words.
Over current trip limit:  3.5 x In instantaneous of the VFD’s variable torque rating
Over voltage trip limit:  1.35 x Vr (rated voltage)
Under voltage trip limit: 0.65 x Vn
Over temperature (heat sink): + 203°F
Auxiliary voltage:  ground fault protected
Ground Fault:  Protected
Short circuit:  Protected
Microprocessor fault:  Protected
Motor stall protection:  Protected
Motor over-temperature protection (I2t):  Protected
Loss of reference:  Protected
Input power loss of phase:  Protected
Input transient protection by means of surge suppressors.
Snubber networks to protect against malfunction due to system voltage transients.
Under- and overvoltage trips; inverter overtemperature, overload, and overcurrent trips.
Motor Overload Relay:  Adjustable and capable of NEMA 250, Class 20 performance.
Notch filter to prevent operation of the controller-motor-load combination at a natural frequency of the combination.
Instantaneous line-to-line and line-to-ground overcurrent trips.
Loss-of-phase protection.
Reverse-phase protection.
Short-circuit protection.
Motor overtemperature fault.
Multiple-Motor Capability:  Controller suitable for service to multiple motors and having a separate overload relay and protection for each controlled motor.  Overload relay shall shut off controller and motors served by it when overload relay is tripped.
Automatic Reset and Restart:  To attempt restarts after controller fault or on return of power after an interruption and before shutting down for manual reset or fault correction.  Bidirectional autospeed search shall be capable of starting into rotating loads spinning in either direction and returning motor to set speed in proper direction, without damage to controller, motor, or load.  (The number of restart attempts and trail duration period shall be programmable.)
Torque Boost:  Automatically vary starting and continuous torque to at least 1.5 times the minimum torque to insure high-starting torque and increased torque at slow speeds.
Motor Temperature Compensation at Slow Speeds:  Adjustable current fall-back based on output frequency for temperature protection of self-cooled fan-ventilated motors at slow speeds.
VFD Compliance to IEEE 519: Compliance will be determined after the drive manufacturer completes a full harmonic analysis.  Electrical drawings must be made available to manufacturer for review.  If additional filters or reactors are required manufacturer shall comply. 
VFD Output Filtering:  VFD Output filtering shall be considered for long VFD to motor line lengths (over 100 feet).  Consideration for filtering shall be given during IEEE 519 analysis.  If required, manufacturer shall comply.  
Panel-Mounted Operator Station:  Start-stop and speed control are functions of system key pad.
Indicating Devices:  VFD keypad and display shall indicate the following controller parameters:
Output frequency (Hz).
Motor speed (rpm).
Motor status (running, stop, fault).
Motor current (amperes).
Motor torque (percent).
Fault or alarming status (code).
PID feedback signal (percent).
DC-link voltage (VDC).
Set-point frequency (Hz).
Motor output voltage (V).
Control Signal Interface:  Provide VFD with the following:
Electric Input Signal Interface:  A minimum of 2 analog inputs (0 to 10 V or 0/4-20 mA) and 6 programmable digital inputs.
Remote Signal Inputs:  Capability to accept any of the following speed-setting input signals from the BMS or other control systems:
0 to 10-V dc.
0-20 or 4-20 mA.
Potentiometer using up/down digital inputs.
Fixed frequencies using digital inputs.
RS485.
Keypad display for local hand operation.
Analog Input Filter:  
Analog inputs shall have a programmable filter to remove any oscillation of the reference signal.  The filter shall be adjustable from .01 to 10 seconds.  The analog input should be able to be inverted, so that minimum reference corresponds to maximum speed, and maximum reference corresponds to minimum speed.  The minimum and maximum values (gain and offset) shall be adjustable within the range of 0-20 mA and –10 volts.  The active analog input shall have loss of reference protection, if selected.
Output Signal Interface:
A minimum of 1 analog output signal (0/4-20 mA), which can be programmed to any of the following:
Output frequency (Hz).
Output current (load).
DC-link voltage (VDC).
Motor torque (percent).
Motor speed (rpm).
Set-point frequency (Hz).
Remote Indication Interface:  A minimum of 2 dry circuit relay outputs (120-V ac, 1 A) for remote indication of the following:
Motor running.
Set-point speed reached.
Fault and warning indication (over temperature or overcurrent).
PID high or low speed limits reached.
Communications:
The VFD shall include a BACnet/IP protocol.  .
To communicate with University’s central Building Automation Niagara DDC control systems, the variable frequency drive must, as a minimum, be able to accomplish functions of:  run-stop control, speed set adjustment, proportional/integral gain adjustments, RPM feedback, kilowatt-hour feedback, drive and motor temperature feedback, and warning/fault diagnostics across the serial port.  Communication gateways or hard wiring for each individual point shall not be required.  The VFD manufacturer’s  communication protocol, software, and product must be officially approved and endorsed by the DDC control company, and a letter from the DDC control manufacturer shall be furnished upon request.
Manual Bypass:  Arrange magnetic contactor to safely transfer motor between controller output and bypass controller circuit when motor is at zero speed.  Controller-off-bypass selector switch sets mode, and indicator lights give indication of mode selected.  Unit shall be capable of stable operation (starting, stopping, and running), with motor completely disconnected from controller (no load).
Isolating Switch:  Non-load-break switch arranged to isolate VFD and permit safe troubleshooting and testing, both energized and de-energized, while motor is operating in bypass mode.
Bypass Controller:  NEMA ICS 2, full-voltage, nonreversing enclosed controller with across-the-line starting capability in manual-bypass mode.  Provide motor overload protection under both modes of operation with control logic that allows common start-stop capability in either mode.
Bypass Requirement:  Manual bypass, isolation switch, and controller shall only be provided if the drive does not have redundant or standby fans or pumps.  Non-critical equipment (e.g. heating water pump serving non-critical areas) do not need a bypass.
Provide a UL (NEMA) Type 12 or 3R enclosure to match VFD. 
Integral Disconnecting Means:  NEMA KS 1, fusible switch with lockable handle.  
ENCLOSURES
Indoor units:  VFD enclosure shall be NEMA 12 with NEMA 12 keypad.  
Outdoor units:  Install NEMA 12 VFD with NEMA 12 keypad within a NEMA 3R ventilated enclosure.  Outdoor weatherproof enclosure shall have the keypad mounted on the face of the door and covered with a stainless steel gasketed and secured with a thumb screw hinged sunshield.  NEMA 3R enclosure shall be stainless steel construction with hinged door and clasp.
Air handling units can be constructed with a weatherproof electrical compartment for VFD installation.  Provide ventilation using manually controllable air handling unit air.
ACCESSORIES
If IEEE 519 analysis indicates requirement Manufacturer shall comply:  Provide a 3% impedance input Line Reactor for lower harmonic distortion on the power line and improved displacement power factor.  The line reactor shall be integral to the drive and the drive performance shall be based on the drive including the integral line reactor as a standard feature.  The line reactor shall be 1-1/2% on each of the positive and negative legs on the input side of the DC Bus Link.
Devices shall be factory installed in controller enclosure.
Historical Logging Information and Displays:
Total run time.
Fault log, maintaining last four faults.
Current-Sensing, Phase-Failure Relays for Bypass Controller:  Solid-state sensing circuit with isolated output contacts for hard-wired connection; arranged to operate on phase failure, phase reversal, current unbalance of from 30 to 40 percent, or loss of supply voltage; with adjustable response delay.
PROHIBITED  FEATURES
The following design and/or construction features are prohibited.  Drives submitted with these features will be rejected:
Drive efficiencies of less than 97% at full rating.
Phase Control Rectifiers (Thyristors) or other such devices causing line notching.
VV1, six-step, and current source drives.
Drives requiring external fusing.
Function and/or fault indications that are in code or require reference to an operating manual or any methods not using direct reading English words.
SCR’S GTO’S and Darlington transistors.
FACTORY FINISHES
Manufacturer's standard finish suitable for area of installation.  Field painting of units is prohibited.
 EXECUTION
EXAMINATION
Examine areas, surfaces, and substrates to receive VFD for compliance with requirements, installation tolerances, and other conditions affecting performance.
Examine roughing-in for conduit systems to verify actual locations of conduit connections before VFD installation.
Proceed with installation only after unsatisfactory conditions have been corrected.
APPLICATIONS
Select features of each VFD to coordinate with ratings and characteristics of supply circuit and motor; required control sequence; and duty cycle of motor, drive, and load.
Select rating of controllers to suit motor controlled.
INSTALLATION
Install VFD mounting to walls or metal channel racks in accordance with manufacturer’s installation instructions.  
Comply with mounting and anchoring requirements specified in Division 23 Section "Vibration and Seismic Controls for HVAC Systems."
Controller Fuses:  Install fuses in each fusible switch.  
IDENTIFICATION
Identify VFD, components, and control wiring in accordance with Division 23 Section “Identification for HVAC".
Operating Instructions:  Frame printed operating instructions for VFD, including control sequences and emergency procedures.  Fabricate frame of finished metal, and cover instructions with clear acrylic plastic.  Mount on front of VFD units.
CONTROL WIRING INSTALLATION
Install wiring between VFD and remote devices in accordance with Division 26 Section "Low-Voltage Electrical Power Conductors and Cables."
Bundle, train, and support wiring in enclosures.
Connect hand-off-automatic switch and other automatic-control devices where available.
Connect selector switches with control circuit in both hand and automatic positions for safety-type control devices such as low- and high-pressure cutouts, high-temperature cutouts, and motor overload protectors.
CONNECTIONS
Conduit installation requirements are specified in other Division 26 Sections.  Drawings indicate general arrangement of conduit, fittings, and specialties.
Ground equipment.
Tighten electrical connectors and terminals in accordance with manufacturer's published torque-tightening values.  If manufacturer's torque values are not indicated, use those specified in UL 486A.
FIELD QUALITY CONTROL
Prepare for acceptance tests as follows:
Test insulation resistance for each VFD element, bus component, connecting supply, feeder, and control circuit.
Test continuity of each circuit.
Testing:  Perform the following field quality-control testing:
Perform each electrical test and visual and mechanical inspection stated in NETA ATS, Sections 7.5, 7.6, and 7.16.  Certify compliance with test parameters.
VFD Failure analysis:  VFD manufacturer shall have an analysis laboratory to evaluate the failure of any component.  The failure analysis lab shall allow the manufacturer to perform complete electrical testing, x-ray of components, and decap or delaminate of components and analyze failures within the components.
Correct malfunctioning units on-site, where possible, and retest to demonstrate compliance; otherwise, replace with new units and retest.
VFD Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect field-assembled components and equipment installation, and perform testing and adjusting of VFD.
Test Reports:  Prepare a written report to record the following:
Test procedures used.
Test results that comply with requirements.
Test results that do not comply with requirements and corrective action taken to achieve compliance with requirements.
STARTUP SERVICE
Engage a factory-authorized service representative to perform startup service.
Verify that electrical wiring installation complies with manufacturer's submittal and installation requirements in Division 26 Sections.
Complete installation and startup checks in accordance with manufacturer's written instructions.
ADJUSTING
Set field-adjustable switches and circuit-breaker trip ranges.
CLEANING
Clean VFD internally, on completion of installation, in accordance with manufacturer's written instructions.  Vacuum dirt and debris; Using compressed air to assist in cleaning is prohibited.
DEMONSTRATION
Engage a factory-authorized service representative to train University's maintenance personnel to adjust, operate, and maintain VFD.  Refer to Division 01.
END OF SECTION
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