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SECTION XX XX XX

LOW VOLTAGE AC VARIABLE FREQUENCY DRIVE WITH BYPASS
PART 1  GENERAL

SUMMARY

The Variable Frequency Drive (VFD) system shall contain all components required to meet the performance, protection, safety and certification criteria of this specification.

RELATED SECTIONS

Section 26 05 00 – Common Work Results for Electrical

Section 26 00 00 – Electrical – General Provisions

CERTIFICATIONS/REFERENCES

Certifications and approvals shall include:

c-UL-us – Listed to UL508C and CAN/CSA-C22.2 for Power Conversion Equipment

C-Tick – AS/NZS, 1997 Group 1, Class A

CE – Marked for all applicable European Directives:

EMC Directive (2004/108/EC), Standards EN 61800-3, EN 50081-1, EN 50082‑2

Low Voltage Directive (73/23/EEC), Standards EN 50178, EN 60204

The VFD shall also be designed to meet the appropriate portions of the following specifications:

NFPA 70 – US National Electrical Code

NEMA ICS 3.1 – Safety Standards for Construction and Guide for Selection, Installation and Operation of Adjustable Speed Drive Systems

IEC 146 – International Electrical Code

The VFD shall be listed to UL508C for mounting in plenums and compartments handling conditioned air.

The VFD shall meet the seismic requirements of the 2003 International Building Code as specified by AC156.

SUBMITTALS

Submit under provisions of Section 01 30 00

Shop Drawings – Approval

Elevation Drawings: Shall include dimensional information and conduit routing locations.

Unit Descriptions: Shall include amperage ratings, enclosure ratings, fault ratings, nameplate information, etc. as required for approval.

Wiring Diagrams:

Power Diagram: Shall include amperage ratings, circuit breaker frame sizes, circuit breaker continuous amp ratings, etc. as required for approval.

Control Diagram: Shall include disconnect devices, pilot devices, etc.

Major components list.

Product Data Sheets

VFD publications.

Data sheets and publications on all major components.

Test procedures shall be per the manufacturer’s standards.

CLOSEOUT SUBMITTALS (OPERATION AND MAINTENANCE MANUALS)

Submit under provisions of Section 01 30 00

Shop Drawings – Final as shipped

Elevation Drawings: Shall include dimensional information and conduit routing locations.

Unit Descriptions: Shall include amperage ratings, enclosure ratings, fault ratings, nameplate information, etc. as required for approval.

Wiring Diagrams:

Power Diagram: Shall include amperage ratings, circuit breaker frame sizes, circuit breaker continuous amp ratings, etc. as required for approval.

Control Diagram: Shall include disconnect devices, pilot devices, etc.

Major components list.

Product Data Sheets

VFD publications.

Data sheets and publications on all major components.

Test procedures shall be per the manufacturer’s standards.

Operation and Maintenance Data

Service and Contact information.

VFD User Manual.

Troubleshooting/Service Manual.

QUALITY ASSURANCE

Qualifications:

Manufacturers:

The VFD and all associated optional equipment shall be UL listed or recognized.

The VFD shall contain a UL label attached on the inside of the enclosure cabinet.

Suppliers:

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.

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

DELIVERY, STORAGE AND HANDLING

Supplier shall coordinate the shipping of equipment with the manufacturer.

Supplier shall store the equipment in a clean and dry space at an ambient temperature range of:

2.2 to 7.5 kW (3.0 to 10 HP), -40°C to 85°C (-40°F to 185°F).

11 to 250 kW (15 to 350 HP), -40°C to 70°C (-40°F to 158°F).

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

WARRANTY

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.

This warranty applies to variable frequency drive systems.

PART 2  PRODUCTS

MANUFACTURERS

Allen-Bradley – PowerFlex 400 Low Voltage AC Variable Frequency Drive with Bypass Package (No substitutions)

RATINGS

The variable frequency drive (VFD) shall be designed to operate in one of the following input voltage classes with ±10% voltage tolerance:

208 VAC, 3 phase.

460 VAC, 3 phase.

The VFD shall have an AC frequency rating of 60 Hz ±5%.

The VFD shall have a power rating of:

208 VAC: 2.2 to 37 kW / 3.0 to 50 HP.

460 VAC: 

Type 1 – 2.2 to 250 kW / 3.0 to 350 HP.

Types 12, 3R, 4 – 2.2 to 110 kW / 3.0 to 150 HP.

The displacement power factor of the VFD shall be 0.98 across the entire speed range.

The efficiency of the VFD shall be 97.5% at rated amps, nominal line voltage.

The overload capability shall be 110% for up to 1 minute.

The VFD shall have a programmable output frequency range of 0 to 320 Hz.

The VFD shall be designed to operate in the following environmental conditions:

Ambient temperature range (without derating) shall be -10°C to 40°C (14°F to 104°F).

Relative humidity range – 0% to 95% non-condensing.

Elevation – up to 1000 m (3280 ft.).

Shock and vibration –

Shock: 15G peak for 11 ms duration (±1.0 ms).
Vibration: 1G peak, 5 to 2000 Hz.

CONSTRUCTION

A. The variable frequency drive (VFD) shall have a compact footprint and be optimized for a variable torque application.

The VFD shall be enclosed in a Type 1, 12, 3R or 4 enclosure with knockouts for bottom cable entry.

The VFD with bypass package shall be wall-mountable.

The VFD shall be protected:

Against short circuits, between output phases and to ground.

Against undervoltage and overvoltage.

The VFD shall have an IGBT transistor.

The VFD shall have an external EMC option to comply to IEC 61800-3 specification.

The VFD shall have an RS-485 (DSI) port for connecting a single peripheral device or for supporting standard communications protocol. A splitter shall be available for connecting a second peripheral device.

The VFD shall have embedded control I/O.

The VFD shall have an integral keypad for display, alarm indication, control and programming.

The terminal shall include a 2-line by 16-character LCD display with LED backlight and be capable of showing parameters and faults in multiple languages via selectable mode, including English, German, French, Italian, Spanish, Portuguese and Dutch.

Control keys shall include HAND, AUTO and OFF.

Digital speed control keys and programming navigation keys shall be provided.

The terminal shall include LED indicators for program status, fault status and status of the control keys.

The VFD shall have optional Type 4X remote and Type 1 handheld keypads available.

The VFD shall have a cooling fan.

BYPASS

Construction:

The door-interlocked main input disconnect shall mount within the enclosure for positive power disconnect of the VFD. It shall have the capability for door padlocking and be one of the following types:
Disconnect switch with Class J fuses: Input line fuses shall provide protection for the input rectification circuit. The series interrupting rating of the VFD and fuses shall be a minimum of 100,000 AIC.

Thermal magnetic molded case circuit breaker.

A complete three-contactor bypass shall be provided to allow the motor to be safely transferred from VFD output to the AC line or from the AC line to the VFD, while the motor is at zero speed. The contactor bypass shall be electrically interlocked. The contactors shall be IEC rated and have the following functionality:

Drive input contactor shall open and close input to the VFD.

Drive output contactor shall open and close the connection between the VFD and motor.

Bypass contactor shall open and close the connection to line start the motor.

Bypass motor overload protection shall be provided by bimetallic Class 20 overload relay.

Operator Interface:

A three-position DRIVE/DRIVE TEST/BYPASS switch on the bypass operator interface shall have the following functionality:

In Drive Mode, the drive input contactor and the drive output contactor shall be closed to allow operation of the motor by the drive.

In Drive Test Mode, the drive input contactor shall be closed to keep the power to the drive on. The drive output contactor and bypass contactor shall remain open. This shall enable the user to test the drive before running the motor. A jumper shall be added to test the drive while the motor is running in bypass and must be field-installed to alert operators of this condition.

In Bypass Mode, the drive input and the drive output contactor will be open to isolate the drive. The bypass contactor will be closed to allow the motor to run directly from the AC line.

A three-position HAND/OFF/AUTO switch on the bypass operator interface shall allow the user to:

Transfer the control source (Start/Stop) to the drive keypad in Hand Mode.

Stop the motor in Off Mode.

Transfer the control source (Start/Stop) to the drive’s terminal block in Auto Mode.

The bypass operator interface shall have the following indicating LEDs:

Ready (green)

Interlock Open (yellow)

Bypass Run (green)

Bypass Trip (red)

Purge (yellow)

Drive Output Enable (green)

CONFIGURATION/PROGRAMMING

The variable frequency drive (VFD) shall be configurable through its integral RS-485 communications using:

PC
Multi-drop network
The VFD shall be compatible with software: 

Connected Components WorkBench( – This software offers controller programming, device configuration and integration with HMI editor.

DriveTools( SP – This software can be used to program, monitor and control the VFD.

COMMUNICATIONS

The variable frequency drive (VFD) shall have integral RS-485 communications and shall support DSI.

The following protocols shall be embedded in the VFD and selectable via a parameter without any field programming to download software prior to operation:

Modbus RTU
Metasys N2
P1-Plant Floor Network

Optional adapters for EtherNet/IP, DeviceNet, ControlNet, LonWorks, BACnet, PROFIBUS DP and Bluetooth shall be available.

CONTROL FEATURES

The variable frequency drive (VFD) shall operate via Volts per Hertz control.

The VFD’s internal adjustments shall include:

Acceleration time 0.1 to 600 seconds.

Deceleration time 0.1 to 600 seconds.

4 preset speeds.

PWM frequency, allowing tuning to the motor.

The VFD’s protections shall include:

Ability to sense a loss of load and signal a fault.

Ability to issue a warning if the input analog reference is lost, with a programmable response:

Stop and display the fault.

Run at a preset speed.

Run at minimum or maximum frequency.

Ability, upon VFD fault, to store the DC bus voltage, out current and output frequency in readable parameters.

The VFD’s control features shall include:

Process PID control:

The VFD’s PID regulator shall allow a pressure or flow signal to be connected for closed loop control.

The PID set point shall be adjustable from the terminal, by analog input or through communication network.

Skip frequencies/bands:

The VFD shall have at minimum 3 programmable set points that lock out continuous operation at frequencies (mechanical resonance).

The set points shall have adjustable bandwidth.

Flying start – The VFD shall be capable of determining the speed and direction of a spinning motor, allowing its output to “pick-up” a rotating motor.

Start at power-up – With a maintained 2-wire start input, the VFD shall be able to use its programmable restart function to automatically restore power after an outage.

Sleep/wake mode:

The VFD shall be able to cycle off for low demand (sleep) and automatically restart for increased demand (wake).

Sleep/wake time and level shall be programmable. 

Auto restart – The VFD shall have the ability to attempt 9 automatic restarts at programmable intervals following a fault before locking out and requiring manual intervention.

CONTROL I/O

The variable frequency drive (VFD) shall have 1 optically isolated analog input (-10 to 10V or 0 to 20 mA), user selectable, and 1 non-isolated analog input (0 to 10V or 0 to 20 mA), user selectable.

Analog inputs shall have 10 bit resolution or better.

Both analog inputs shall be able to be used simultaneously in either voltage or current modes or a combination of each.

The VFD shall have 2 analog outputs (0 to 10V or 0 to 20 mA), user selectable.

Analog outputs shall have 10 bit resolution or better.

Both analog outputs shall be able to be used simultaneously in either voltage or current modes or a combination of each.

The VFD shall have 7 digital inputs (24 VDC), user programmable.

Inputs shall be configurable as sink or source.

The VFD shall have 1 dedicated digital input for a purge function. The purge input shall override all “Stop” commands over the network as well as 1 customer interlock.

The VFD shall have 2 dedicated digital inputs for customer interlocks: 

One interlock records a fault and permits running after external condition is met. Purge input will override this interlock.

One interlock causes a drive fault and requires control system to reset prior to returning to ready condition. This input will always be active even during purge.

The VFD shall have 2 relay outputs, form C (1 N.O. and 1 N.C.), user programmable.
Both relays shall be programmable for a minimum of 16 different combinations including Drive Ready, At Frequency, Motor Running, Motor Overload, Above Frequency, Above Current and others.
The VFD shall have 1 digital optocoupler output, user programmable with N.O. or N.C. configuration.
The digital optocoupler output shall be programmable for a minimum of 16 different combinations including Drive Ready, At Frequency, Motor Running, Motor Overload, Above Frequency, Above Current and others.

The VFD shall have available 6 relay outputs, form A, user programmable, via user installed auxiliary relay board (Frame D through H option).

PART 3  EXECUTION

2.01 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.

2.02 INSTALLATION

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

2.03 START-UP SERVICE

D. 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

E. 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

F. All measurements shall be recorded.

G. Drive shall be tuned for system operation.

H. Drive parameter listing shall be provided.
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