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ACTIVE FRONT END LOW HARMONIC VARIABLE-FREQUENCY MOTOR CONTROLLER
PART 1  GENERAL

1.01 SUMMARY

A. The Variable-frequency Drive (VFD) system for motors rated 10 Hp (7.5 kW) and larger shall use an Active Front End (AFE) Low Harmonic design and shall contain all components required to meet the performance, protection, safety and certification criteria of this specification.

1.02 RELATED SECTIONS

A. Section 26 05 00 – Common Work Results for Electrical
B. Section 26 00 00 – Electrical – General Provisions
C. Section 26 29 23 – Variable Frequency Motor Controllers - Standard
1.03 REFERENCES

A. National Fire Protection Association - NFPA 70 - US National Electrical Code.

B. National Electrical Manufacturers Association - NEMA 250 - Enclosures for Electrical Equipment.

C. Underwriters Laboratory Inc. – UL61800-5-1.
D. Canadian Standards Association International – CAN/CSA-C22.2 No. 14-05.

E. International Electrical Code - IEC 146.

F. Institute of Electrical and Electronics Engineers, Inc. - IEEE 519 - IEEE Standard Practices and Requirements for Harmonic Control in Electrical Power Systems.
G. European Directives EN68100-3, EN61800-5-1, EN61800, IEC 62061, IEC 61508.
H. Seismic Standards ASCE 7-10, IBC, CBC, ICC_ESAC156, IEEE 693 and California OSHPD.
1.04 SUBMITTALS
A. Submit under provisions of Section 01 30 00
B. Shop Drawings - Approval
1. Elevation Drawings: Include dimensional information and conduit routing locations.

2. Unit Descriptions: Include amperage ratings, enclosure ratings, fault ratings, nameplate information, and so on, as required for approval.

3. Wiring Diagrams:

a) Power Diagram: Include amperage ratings, circuit breaker frame sizes, circuit breaker continuous amp ratings, and so on, as required for approval.

b) Control Diagram: Include disconnect devices, pilot devices, and so on.
4. Major components list.
C. Product Data Sheets
1. VFD and Operator Interface publications.

2. Data sheets and publications on all major components including, but not limited to, the following:

a) Contactors

b) Circuit breaker and fuse (power and control)
c) Control power transformers 

d) Pilot devices 

e) Relays/Timers
D. Test procedures shall be per the manufacturer’s standards.
1.05 CLOSEOUT SUBMITTALS (OPERATION AND MAINTENANCE MANUALS)
A. Submit under provisions of Section 01 30 00

B. Shop Drawings – final as shipped
1. Elevation Drawings: Include dimensional information and conduit routing locations.

2. Unit Descriptions: Include amperage ratings, enclosure ratings, fault ratings, nameplate information, and so on, as required for approval.
3. Wiring Diagrams:

a) Power Diagram: Include amperage ratings, circuit breaker frame sizes, circuit breaker continuous amp ratings, and so on, as required for approval.

b) Control Diagram: Include disconnect devices, pilot devices, and so on.
4. Major components list.
C. Product Data Sheets
1. VFD and Operator Interface publications.

2. Data sheets and publications on all major components including, but not limited to, the following:

a) Contactors

b) Circuit breaker and fuse (power and control)
c) Control power transformers 

d) Pilot devices 

e) Relays/Timers
D. Test procedures shall be per the manufacturer’s standards.
E. Operation and Maintenance Data

1. Service and Contact information

2. VFD and Operator Interface User Manuals
3. Troubleshooting / Service Manuals
1.06 QUALITY ASSURANCE

A. Qualifications:

1. Manufacturers:

a) The VFD and all associated optional equipment shall be UL Listed or recognized.
b) The VFD shall contain a UL label attached on the inside of the enclosure cabinet.

2. Suppliers:

a) All inspection and testing procedures shall be developed and controlled under the guidelines of the Supplier’s quality system, and must be registered to ISO 9001 and regularly reviewed and audited by a third-party registrar.

b) The VFD shall be factory pre-wired, assembled and tested as a complete package.

1.07 DELIVERY, STORAGE, AND HANDLING

A. Contractor shall coordinate the shipping of equipment with the manufacturer.

B. Contractor shall store the equipment in a clean and dry space at an ambient temperature range of -40 °C - 70 °C (-40 °F - 158 °F).

C. The contractor shall protect the units from dirt, water, construction debris and traffic.  

1.08 WARRANTY

A. The manufacturer shall provide their standard parts warranty for eighteen (18) months from the date of shipment or twelve (12) months from the date of being energized, whichever occurs first.

PART 2  PRODUCTS

2.01 MANUFACTURERS

A. Allen-Bradley® – PowerFlex® 755TL Active Front End Low Harmonic VFD (No substitutions)
2.02 VARIABLE FREQUENCY DRIVE UNIT (VFD)
A. Features
1. Certifications: VFD shall meet the requirements of the following certifications and regulations.
a) Listed to UL61800-5-1 (c-UL-us) up to 600V AC
b) In conformity with the following European Directives:
i. EMC Directive (2014/30/EU) 

ii. Low Voltage Directive (2014/35/EU).

iii. RoHS Directive (2011/65/EU)
iv. Standards applied; EN 61800-3/ EN 61800-5-1

c) The VFD shall be compliant with China Restriction of Hazardous Substance Directive
d) The VFD shall have Korean KC registration
e) The VFD shall conform with the Packaging Directive (94/62/EC and amendments 2004/12/EC and 2005/20/EC
f) Regulation (EC) No. 1907/2006 concerning the Registration, Evaluation Authorization and Restriction of Chemicals – (REACH)
g) Australian Communications and Media Authority. In conformity with Radiocommunications Act: 1992, Radiocommunications Standard: 2008, and Radiocommunications Labeling Notice: 2008. Standards applied: EN 61800-3: 2012 
h) TÜV Rheinland - standards applied: EN 61800-3:2004, EN 61800-5-1:2007, EN ISO 13849-1:2008, EN ISO 13849-2:2003, EN 61800-5-2:2007, EN 61508 PARTS 1-7:2000, EN 62061:2005, and EN 60204-1:2006
i) Electric Power Research Institute. Certified compliant with standards SEMI F47 and IEC 61000-4-34
j) American Bureau of Shipping (ABS) Certificate 11-HS743429-PDA
k) Lloyd’s Register Type Approval certificate 11/60008
l) DNV
2. Hardware. VFD shall:
a) Use a transistor-based Active Front End as the input rectifier that uses a Selective Harmonic Elimination algorithm, mitigating the harmonics enough to meet IEEE-519-2014 without the need for phase shifting transformers and multi-pulse diode rectifiers. Total current harmonic distortion shall not exceed 5% at the VFD input terminals at full load conditions. AFE rectifier shall be phase rotation insensitive, tolerant of line voltage imbalance up to 10% without affecting the harmonic mitigation or VFD output, and capable of operating the motor at full output with a 10% drop on input voltage.
b) Use an LCL filter assembly to filter up to and including the 50th harmonic to reduce EMI/RFI emissions.  The LCL filter assembly shall include Passive Dampening.  The drive will provide Active Resonance Detection and Protection to minimize any damage to the drive from supply side resonance.
c) The drive shall have the following specific features to enable integration with a Rockwell Automation® ControlLogix® or CompactLogix™ Automation Controller
i. Shall have an Add-on Profile available for use with Rockwell Automation® Studio 5000® programming software
ii. Shall support Rockwell Automation controller’s Automatic Device Configuration functionality 

d) The drive shall have a built-in circuit breaker as part of the drive’s pre-charge circuit (250 hp and up) or provide built-in electrical connections for one to be field connected (10hp-250hp).
e) The drive will have two sets of tuning settings for the configuration of the line side converter such that appropriate values can be selected for two input sources (example: main utility power or back-up generator) and can be selected from the Human Interface Module or communications network 
f) The VFD shall meet the voltage sag ride-through requirements of SEMI-F47.
g) The VFD shall meet the seismic requirements of the following standards when installed according to the manufacturer’s instructions
i.  American Society of Civil Engineering ASCE 7-10 (2010)
ii.  The International Building Code IBC (2015)
iii.  The California Building Code CBC (2016)
iv. International Code Council Evaluation Service ICC_ES-AC156   (2012)
v.  California office of Statewide Health Planning and Development
h) The operating elevation shall be up to 1000 Meters (3,300 ft) without derating (at a motor side inverter carrier Frequency of 1.33 KHz) and up to 4000 Meters with derating according to manufacturer’s specifications
i) Incorporate phase-to-phase and phase-to-ground MOV protection on the AC input line.

j) Use gold plated plug-in connections on printed circuit boards.

k) Microprocessor-based inverter and converter logic shall be isolated from power circuits.

l) Use latest generation IGBT inverter and converter sections that shall not require commutation capacitors.

m) Motor side inverters, line side converters and LCL filter modules (for drives greater than 250 Hp) shall be on roll-out chassis with front accessible connections for ease of repair or replacement and to provide access to load cables. Motor side inverter modules shall be removable without disturbing the load cables after installation.
n) Line converter modules and load inverter modules sections (for drives greater than 250 Hp) shall be interchangeable so as to reduce necessary spare parts.
o) Built-in managed dual EtherNet/IP ports for direct network connections, allowing linear or Device Level Ring topologies. The same network for control must support safety, I/O, and motion control, as well as be able to switch using standard unmodified Ethernet networking equipment.

p) Additional DPI™ port for handheld and remote HIM options.
q) Configurable digital input for hardware enablement.
r) Conformal coated printed circuit boards.
s) Provision for external 24V DC Auxiliary Control Power Supply.
t) Have a lineside converter input frequency range from 47 to 63 Hz
u) The carrier frequency of the lineside converter shall be fixed at 4 kHz.

v) The motor side inverter frequency output will be sine coded PWM with a carrier frequency that can be selected at 1.33 kHz, 2 kHz, or 4 kHz.
w) The VFD motor side inverter shall be capable of the following maximum frequency outputs:
i. 325 Hz when operating with an output carrier frequency of 1.33kHz or 2 kHz.

ii. 590 Hz when operating with an output carrier frequency of 4kHz
x) The VFD enclosure (F7 and up) shall include the following:
i. Shall be rated IP21 (UL Type 1), or IP54 (UL Type 12) [Choose one of the options, then delete the other and this text].
ii. The VFDs shall be of modular design with the following major components:
a. AC pre-charge module
b. Roll out LCL filter modules
c. Roll out line side converter IGBT power modules
d. Roll out motor side inverters. IGBT power modules
3. Control Logic

a) Ability to operate with motor disconnected when in V/Hz mode.

b) Provide a controlled shutdown, when properly protected, with no component failure in the event of an output phase-to-phase or phase-to-ground short circuit. Provide annunciation of the fault condition.
c) Provide multiple programmable stop modes including Ramp, Coast, Decel-to-Hold, and Current Limit Stop.

d) Provide multiple acceleration and deceleration rates
e) Ability to configure the VFD for an emergency operation mode.
f) Ability to control outputs and manage status information locally within the VFD.
g) Ability to function stand-alone or complementary to supervisory control.
h) Ability to provide scaling, selector switches, or other data manipulations not already built into the VFD.
4. Safety:
a) The VFD shall accept Rockwell Automation option cards, 20-750S, 20-750-S1, 20-750-S3 and 20-750-S4 that when installed and configured in accordance with the manufacturer’s instructions shall meet the certification requirements of TÜV and Rheinland. The standards applied shall be:
i. IEC61508 Parts 1-7
ii. EN 61800-3
iii. EN 61800-5-1
iv. IEC 61800-5-2
v. EN ISO 13849
vi. IEC 62061
vii. ISO 60204-1
viii. Machinery Directive (2006/42/EC)
5. Motor Control 

a) Selectable Sensorless Vector, Flux Vector, V/Hz, economizer mode selectable through programming. 
b) The drive shall be supplied with an auto-tune mode.

c) The V/Hz mode shall be programmable for fan curve or full custom patterns.

d) Capable of Open Loop V/Hz.
e) Capable of operating induction and permanent magnet motors
6. Current Limit

a) Programmable current limit from 20% to 160% of rated output current.

b) Current limit shall be active for all drive states: accelerating, constant speed and decelerating. 

c) The drive shall employ PI regulation with an adjustable gain for smooth transition in and out of current limit.
7. Acceleration / Deceleration
a) Acceleration/deceleration settings shall provide separate adjustments to allow either setting to be adjusted from 0 to 3600 seconds. 

b) A second set of remotely selectable acceleration/deceleration settings shall be accessible through digital inputs.

c) S Curve profiles shall be adjustable.

8. Adjustments

a) A digital interface can be used for all set-up, operation and adjustment settings. 

b) Adjustments shall be stored in nonvolatile memory. 

c) No potentiometer adjustments shall be required. 

9. Process PID Control

a) The drive shall incorporate an internal process PI regulator with proportional and integral gain adjustments as well as error inversion and output clamping functions.

b) The feedback shall be configurable for normal or square root functions. If the feedback indicates that the process is moving away from the set-point, the regulator shall adjust the drive output until the feedback equals the reference.

c) Process control shall be capable of being enabled or disabled with a hardwire input. Transitioning in and out of process control shall be capable of being tuned for faster response by preloading the integrator.

d) Protection shall be provided for a loss of feedback or reference signal.
10. DeviceLogix™ Control
a) Ability to read/write outputs and exclusively control the VFD
b) Ability to control outputs and manage status information locally within the VFD.
c) Ability to function stand-alone or supervisory control
d) Ability to speed up reaction time by processing in the VFD
e) Ability to provide scaling, selector switches, or other data manipulations not already built into the VFD
f) Ability to write programs off-line
11. Skip Frequencies

a) Three adjustable set points that lock out continuous operation at frequencies that may produce mechanical resonance shall be provided. 
b) The set points shall have a range adjustable from Maximum Reverse Speed to Maximum Forward Speed.

12. Fault Memory

a) The last 100 fault codes shall be stored and time stamped in a fault buffer.

b) Information about the drive’s condition at the time of the last fault such as operating frequency, output current, DC bus voltage and 27 other status conditions shall be stored.

c) A power-up marker shall be provided at each power-up time to aid in analyzing fault data.

d) The last 100 alarm codes shall be stored and time stamped for additional troubleshooting reference.

13. Overload Protection

a) The drive shall provide internal class 10 adjustable overload protection.

b) Overload protection shall be speed sensitive and adjustable.

14. Auto Economizer

a) An auto economizer feature shall be available to automatically reduce the output voltage when the drive is operating in an idle mode (drive output current less than programmed motor FLA). The voltage shall be reduced to minimize flux current in a lightly loaded motor thus reducing kW usage. 

b) When the load increases, the drive shall automatically return to normal operation.

15. Terminal Blocks

a) For drives rated 250 Hp and larger, power wiring is landed on robust brackets behind the drive unit. This wiring remains in-place if the drive unit is removed.
b) Terminal blocks shall be provided for control wiring on all frames 
c) I/O terminal blocks shall be removable with wiring in place.

16. Flying Start

a) The drive shall be capable of determining the speed and direction of a spinning motor and adjust its output to "pick-up" the motor at the rotating speed. This feature is disabled by default.
17. Inputs and Outputs

a) The Input / Output option modules shall consist of both analog and digital I/O.

b) No jumpers or switches shall be required to configure digital inputs and outputs.

c) All digital input and output functions shall be fully programmable.

d) The control terminal blocks shall be rated for 115V AC.

e) Inputs shall be optically isolated from the drive control logic. 

f) The control interface card shall provide input terminals for access to fixed drive functions that include start, stop, external fault, speed, and enable.

g) The VFD shall be capable of supporting up to 10 analog inputs, 10 analog outputs, 31 digital inputs, 10 relay outputs, 10 transistor outputs, and 5 positive temperature coefficient (PTC) inputs.
h) The Input / Output option modules shall be as shown on the contract drawings and have the following features:
i) Analog Input Option Modules:
a. Quantity of one (1) or two (2) differentially isolated, ±10V (bi-polar), 88k ohm input impedance, 11 bit plus sign.

b. Analog inputs shall be user programmable for a variety of uses including frequency command and process loop input.  Analog inputs shall be user programmable for function scaling (including invert), offset, signal loss detect and square root.

j) Analog Output Option Modules:

a. Quantity of one (1) or two (2) ±10V (bi-polar) / 11 bit & sign, 2 k minimum load, 4…20 mA, 11 bit plus sign, 400  maximum load.

b. The analog output shall be user programmable to be proportional to one of fourteen process parameters including output frequency, output current, encoder feedback, output power.  

c. Programming shall be available to select either absolute or signed values of these parameters.

k) Digital Inputs option modules:

a. Quantity of three (3) or six (6) digital inputs rated 24V DC/115V AC.

b. All inputs shall be individually programmable for multiple functions including: Start, Run, Stop, Auxiliary Fault, Speed Select, Jog, and Process PI functions.
c. A single safety input (ATEX) shall be a configurable option for a thermostat or PTC temperature sensor.
l) Digital Outputs:

a. At a minimum, one (1) relay output (N.O. or  N.C.).

b. For 240V AC or 24V DC, N.O. contact output ratings shall be 2 amp max., general purpose (inductive)/resistive. N.C. contact output ratings shall be 2-amp max., resistive only.
c. Relays shall be programmable to multiple conditions including: Fault, Alarm, At Speed, Drive Ready and PI Excess Error.

d. Timers shall be available for each output to control the amount of time, after the occurring event, that the output relay actually changes state.

e. Transistor outputs are available in quantities varying from zero (0) to two (2).
f. For 24V DC, transistor output rating shall be 1 amp max, Resistive.

18. Reference Signals

a) The drive shall be capable of using the following input reference signals:

i. Analog inputs

ii. Preset speeds

iii. Remote potentiometer

iv. Digital MOP

v. Human Interface Module

vi. Communication networks
19. Loss of Reference

a) The drive shall be capable of sensing reference loss conditions.

b) In the event of loss of the reference signal, the drive shall be user programmable to the following:

i. Fault the drive and coast to stop.

ii. Issue a minor fault - allows the drive to continue running while some types of faults are present.

iii. Alarm and maintain last reference.
c) When using a communications network to control the drive, the communications adapter shall have these configurable responses to network disruptions and controller idle (fault or program) conditions:

i. Fault

ii. Stop

iii. Zero Data

iv. Hold Last State

v. Send Fault Configuration

20. Metering

a) At a minimum, the following parameters shall be accessible through the Human Interface Module, if installed:

i. Output Current in Amps 

ii. Output Voltage in Volts

iii. Output Power in kW
iv. Input Current in Amps
v. Input Voltage in Volts
vi. Elapsed MWh

vii. DC Bus Voltage

viii. Frequency

ix. Heatsink Temperature

x. Last eight (8) faults

xi. Elapsed Run Time

xii. IGBT Temperature
xiii. Blown fuses, including specific fuse locations communicated to the host system
21. Faults

a) At a minimum, the following faults shall be accessible through the Human Interface Module:

i. Power Loss

ii. Undervoltage

iii. Overvoltage

iv. Motor Overload

v. Heat Sink Over-temperature

vi. Phase-to-Phase and Phase-to-Ground Faults
22. Predictive Maintenance Features
a) The following predictive diagnostic features shall be provided, and a parameter showing the remaining lifetime expressed as hours and % of remaining life of the following components will be available:

i. Relay Output Life based on load type and amps.

ii. Fan Life based on load and ambient temperature.

iii. Motor Bearing Life based on expected hours of use.

iv. Motor Lubrication schedule based on hours of use.

v. Machine Bearing Life based on expected hours of use

vi. DC Bus Capacitors based on actual use (temperature, current and ripple)
vii. IGBTs based on actual load and temperature.
viii. LCL filter Capacitors based on actual use.
23. Real-Time Clock
a) Shall be capable of providing time stamped events.
b) Shall have the ability to be set locally or via a remote controller.
c) Shall provide the ability to be programmable for month, day, year and local time zones in HH:MM:SS.
24. Input Resonance and Line Side Utility Harmonics Monitoring
a) Active front end drives shall be capable of actively monitoring line side (utility) harmonics levels and present a configurable fault or alarm in the event the line side harmonics present a significant impact to the drive reliability.  This capability shall be functional at commissioning and actively monitor the utility during operation.
25. Line Side (Utility) Power Factor Correction
a) Drive shall be capable of providing line side (utility) power factor correction by utilizing excess drive capacity.  Power factory correction shall be configurable via the drives digital interface

2.03 VFD PACKAGED SYSTEM

A. Features
1. Ratings
a) Voltage

i. Capable of accepting nominal plant power of 400V AC, 480V AC, 600V AC, or 690V AC at 50 Hz or 60 Hz as indicated on the contract drawings.
ii. The supply input voltage tolerance shall be ± 10% of nominal line voltage.

b) Displacement Power Factor

i. AFE Low Harmonic Drive’s line side converter shall be capable of maintaining a minimum true power factor of up to 0.98 across the entire speed range.
c) Efficiency

i. A minimum of 97% (+/- 2%) at 100% speed and 100% motor load at nominal line voltage. 

ii. Control power supplies, control circuits, and cooling fans shall be included in all loss calculations.

d) Operating ambient temperature range without derating: -20°C - +40 °C (-4 °F - 104 °F), extendable to 55 °C (134 °F) with de-rating if indicated in the contract drawings.
e) Operating relative humidity range shall be 5% to 95% non-condensing.
2. Operating elevation shall be up to 1000 meters (3300 ft) without de-rating sizing

i. Systems rated at Normal Duty loads shall provide 110% overload capability for up to one minute and 150% for up to 3 seconds.

ii. Systems rated at Heavy-Duty loads shall provide 150% overload capability for up to one minute and 180% for up to 3 seconds.
iii. Systems rated at Light-Duty loads (250 Hp and larger) shall provide 110% overload capability for up to one minute with no 3 second overload.
3. Auto Reset/Run
a) For faults other than those caused by a loss of power or any other non-critical fault, the drive system shall provide a means to automatically clear the fault and resume operation.
4. Ride-Through
a) The VFD system shall attempt to ride through power dips up to 20% of nominal. The duration of ride-through shall be inversely proportional to load. For outages greater than 20%, the drive shall stop the motor and issue a power loss alarm signal to a process controller, which may be forwarded to an external alarm signaling device.
5. Run on Power Up
a) The VFD system shall provide circuitry to allow for remote restart of equipment after a power outage. Unless indicated in the contact drawings, faults due to power outages shall be remotely resettable. The VFD system shall indicate a loss of power to a process controller, which may be forwarded to an external alarm signaling device. Upon indication of power restoration, the process controller will attempt to clear any faults and issue a run command, if desired.
6. Communications
a) VFD shall provide a built-in Dual Port EtherNet/IP interface.
b) VFD shall be capable of communicating on multiple networks.
c) VFD shall be capable of supporting the following network options:
i. DeviceNet

ii. EtherNet/IP

iii. ControlNet

iv. CANopen

v. Profibus DP

vi. Profinet I/O
7. Enclosure Door Mounted Human Interface Module (HIM)
a) VFD shall provide a HIM with integral LCD display, operating keys and programming keys.
b) An enclosure door-mounted HIM, rated UL Type 12, shall be provided 
c) The HIM shall have the following features:

i. A seven (7) line by twenty-one (21) character backlit LCD display with graphics capability.

ii. Shall indicate drive operating conditions, adjustments and fault indications.

iii. Shall be configured to display in the following distinct zones:
1) The top zone shall display the status of direction, drive condition, fault / alarm conditions and Auto / Manual mode.

2) The middle zone shall display drive output frequency.

iv. Shall provide digital speed control.

v. The keypad shall include programming keys, drive operating keys (Start, Stop, Direction, Jog and Speed Control), and numeric keys for direct entry.

B. Enclosure

1. Shall be rated UL Type (0), (1), or (12) [Choose one of the options, then delete the other and this text].
2. Shall be painted per the manufacturer’s standard.

3. Shall provide entry and exit locations for power cables.

4. Shall contain a label for UL61800.

5. The drive system nameplate shall be marked with system Short Circuit Current Rating (SCCR).

C. Drive Enclosure Input Disconnect
1. Provide an enclosure door interlocked disconnect with fusing, or disconnect, or thermal magnet circuit breaker. 
2. Operator Handles

a) Provide externally operated main disconnect handle.

b) Handles shall be lockable 
D. Branch Circuit Protection

1. Input fusing shall be provided as specified in the manufacture’s installation manual 
E. Control Power Transformer
1. Provide a control power transformer mounted and wired inside of the drive system enclosure.

2. The transformer shall be rated for the VFD power requirements.
F. Harmonic Mitigation Techniques
1. The drive system shall be compliant with IEEE519-2014 standards at the input to the drive system input terminals based on the input power phase imbalance within 0.5% of nominal line voltage and under full VFD output current ratings.

G. Auxiliary Relays

1. Provide relays for Drive Alarm, Drive Fault, Drive Run, and System Status Faults (as required).

2. The relays shall be Allen-Bradley® 700-HC (2 N.O. & 2 N.C.). The relay contacts shall be rated for 115V AC/30V DC, 5.0 amp resistive, 2.5 amp inductive.
H. Control Interface

1. The control terminals shall be rated for 115V AC.

2. The control interface shall provide input terminals for access to VFD functions that include start, stop, external fault, speed select, and enable, as required.
I. Motor Heater Control

1. The drive system shall provide the drive control circuitry to energize an existing motor heater whenever the motor is not running via remote power.

2. The heater control shall be interlocked with the drive and/or bypass and shall be energized whenever the motor is not running. The source shall be remotely provided.
3. A pilot light with LED (Allen-Bradley® Bulletin 800T (30 mm) or Bulletin 800F (22 mm), [Choose one of the options, then delete the other and this text] NEMA Type 4/13) shall be mounted on the drive system enclosure door for indication of Motor Heater On.
J. Hand/Off/Auto Selector Switch

1. Provide a "Hand/Off/Auto" selector switch, mounted on the enclosure door.

2. The "Hand/Off/Auto" selector switch shall start the drive in the “Hand” mode and stop the drive in the “Off” mode.
3. In the “Auto” mode, the drive shall be started and stopped from a remote “RUN” contact.
4. In all modes, Auxiliary and Enable inputs to the drive control interface board must be present before the drive will start.
5. When a HIM is present, the stop function shall always be available to stop the drive regardless of the selected mode (“Hand” or “Auto”). The HIM will be non-functional (except for the display and programming) when the switch is in “Off” mode. The HIM shall stop the drive if the switch is in the “Auto” mode with the remote start contact initiated.
6. The drive speed reference shall be controlled from the HIM, unless a separate door-mounted potentiometer is provided, when in “Hand” mode (factory default setting).
7. The drive shall have the capability of smoothly transferring from the automatic speed reference to the manual speed reference on the HIM, without perturbation in the speed reference. 
8. The drive speed reference shall be controlled by a remote 4…20 mA input when in “Auto” mode.
9. The device shall be an Allen-Bradley® Bulletin 800T (30 mm) or Bulletin 800F (22 mm), [Choose one of the options, then delete the other and this text] NEMA Type 4/13, mounted on the drive system enclosure door.

K. Drive Disable Mushroom Push Button

1. Provide a maintained mushroom style push button, mounted on the enclosure door that when pushed, will open the drive enable input.

2. The device shall be an Allen-Bradley® Bulletin 800T (30 mm) or Bulletin 800F (22 mm), [Choose one of the options, then delete the other and this text] NEMA Type 4/13, mounted on the drive system enclosure door.

L. Pilot Lights

1. Provide LED pilot lights, mounted on the enclosure door, for indication of the following status:

a) Run

b) Drive Fault

c) Control Power On

d) Motor Fault

2. The device shall be an Allen-Bradley Bulletin 800T (30 mm) or Bulletin 800F (22 mm), [Choose one of the options, then delete the other and this text] NEMA Type 4/13, mounted on the drive system enclosure door.

M. Motor Run Time Meter
1. Provide a digital, non-resettable, door-mounted elapsed time meter.

2. The meter shall be electrically interlocked with the Drive Run relay and Bypass contactor to indicate actual motor operating hours.
N. Output Filtering 
1. For VFDs rated at 250 hp and larger an optional DV/DT output filter shall be available when necessary for motor protection as indicated on the contract drawings.
2. For VFDs rated at 250 hp and larger, the DV/DT filter shall be designed to fit inside of the Output Inverter without increasing the size of the VFD package.
PART 3  EXECUTION

3.01 EXAMINATION

A. Verify that location is ready to receive equipment.

B. Verify that the building environment can be maintained within the service conditions required by the manufacturer of the VFD.

3.02 INSTALLATION

A. Installation shall be in compliance with all manufacturer requirements, instructions and drawings.

3.03 START-UP SERVICE

A. At a minimum, the start-up service shall include:

1. Perform pre-Power Check

2. Megger Motor Resistances: Phase-to-Phase and Phase-to-Ground

3. Verify system grounding per manufacturer’s specifications

4. Verify power and signal grounds

5. Check connections

6. Check environment
B. Drive Power-up and Commissioning:
1. Measure Incoming Power Phase-to-Phase and Phase-to-Ground

2. Measure DC Bus Voltage

3. Measure AC Current Unloaded and Loaded

4. Measure Output Voltage Phase-to-Phase and Phase-to-Ground

5. Verify input reference signal

C. All measurements shall be recorded.
D. The line side converter shall be configured and tuned for the local input power conditions.
E. The motor side inverter shall be tuned for system operation.
F. Drive parameter listing shall be provided.
3.04 TRAINING

A. Manufacturer to provide a quantity of (__) (__)-hour sessions of on-site instruction.

B. The instruction shall include the operational and maintenance requirements of the variable-frequency drive.

C. The basis of the training shall be the variable frequency drive, the engineered drawings and the user manual. At a minimum, the training shall:

1. Review the engineered drawings identifying the components shown on the drawings.

2. Review starting / stopping and speed control options for the controller.

3. Review operation of the Human Interface Module for programming and monitoring of the variable frequency drive.

4. Review the maintenance requirements of the variable frequency drive.

5. Review safety concerns with operating the variable frequency drive.
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