This master should be used by designers working on Port of Portland construction projects and by designers working for PDX tenants (“Tenants”).  Usage notes highlight a few specific editing choices, however the entire section should be evaluated and edited to fit specific project needs.

SECTION 232923 – VARIABLE-FREQUENCY DRIVES
PART 1 -  GENERAL

1.1 DESCRIPTION

A. This section describes variable-frequency AC drives (VFDs).

1.2 RELATED WORK SPECIFIED ELSEWHERE

A. Section 230500, Common Work Results for HVAC

B. Section 230590, Pressure Testing of HVAC Systems 

C. Section 230900, Instrumentation and Controls for HVAC

D. Division 26, Electrical

1.3 REFERENCES

A. IEEE:  Institute of Electrical and Electronics Engineers

1. IEEE 519: Recommended Practices and Requirements for Harmonic Control in Electrical Power Systems
B. NEC:  National Electrical Code

C. NEMA:  National Electrical Manufacturers Association

1.4 SUBMITTALS

A. For systems, equipment, and components specified herein, submit product/material data; shop drawings; operation and maintenance data; as-constructed data; installation, startup, and testing manuals; operation and maintenance manuals; and as-constructed drawings.

1. Product Data:  Include dimensions, weight, schematic and single-line diagram, total harmonic distortion (THD), standard functions, features, capacities, and details of construction.

Use only if Commissioning Section 019100 is included in the project manual.

B. For systems, equipment, and components specified herein, submit commissioning plans and schedules; checkout, startup, operational, functional and final acceptance test plans, procedures, checklists, and reports; systems manuals; and operation and maintenance training plans.

1.5 WARRANTY

A. VFDs shall have a minimum warranty of 12 months from the date of certified startup and not less than 18 months from date of manufacture.  The warranty shall include all parts, labor, travel time, and expenses.  The Contractor shall inform the Port of any extended warranty programs offered by the manufacturer for consideration by the Port.
B. The Contractor shall coordinate with the VFD manufacturer and be responsible for the VFD warranty and all VFD problems incurred during and after installation at the work site, as well as provide and warranty any individual VFD units sent to the manufacturer for required equipment run testing.  Supply technical assistance during testing at the manufacturer’s factory, coordinate shipping, and pay for all costs.

PART 2 -  PRODUCTS

2.1 VARIABLE-FREQUENCY MOTOR CONTROLLERS

A. Acceptable Manufacturers:  ABB, no substitutions.

B. General Description:

1. AC motor variable frequency controller (VFC) shall be of pulse width modulated (PWM) inverter type.  The VFC shall be designed to convert 60 Hz input power to adjustable frequency output power to provide positive speed control to standard induction motors.  The VFC shall be dedicated variable torque design for specific use with centrifugal loads.

2. Provide complete solid state variable frequency power and logic unit.

3. Frequency control shall be stepless throughout the range under variable torque load on a continuous basis.  Frequency controlled by remote building energy management system providing 4-20MA input signal to drive and remote start/stop signal.  Coordinate with other work of Division 23.

4. Provide adjustable frequency control with diode bridge/capacity input designed to provide high, constant power factor of 0.95 regardless of load or speed and eliminate SCR line noise.

5. Each VFD shall contribute no more than 5 percent total harmonic voltage distortion at the VFD input terminals while operating under full-load conditions.  If proposed VFD equipment is anticipated to exceed these limits, multi-pulse converters and/or harmonic filtering devices shall be provided.
6. Design and manufacture equipment in accordance with applicable NEMA and IEEE recommendations and be designed for installation in accordance with NEC.  Equipment shall have UL and/or CSA approval.

7. Control shall be suitable for operation in ambient temperatures of 0 to 40ºC.

8. Every VFD shall be factory tested with an AC induction motor 100 percent loaded and temperature cycled within an environmental chamber at 104ºF.

C. Self Protection and Reliability Features:

1. Adjustable current limit from 60 to 110 percent of drive rating.

2. Adjustable instantaneous over current trip.

3. Under voltage trip.

4. Over temperature trip.

5. Short circuit protection phase to phase and phase to ground faults phase rotation insensitive.

6. Momentary power loss, more than 17 milliseconds.

7. Transient protection against all normal transients and surges in incoming power line.

8. Orderly shutdown in event of any of above conditions, drive shall be designed to shut down safely without component failure.

9. Provide visual indication and manual reset.

D. Standard Features:

1. Drive logic shall be microprocessor based.  Control logic shall be isolated from power circuitry.

2. Standalone operation to facilitate startup and troubleshooting procedures.

3. VFD shall have a lockable circuit breaker disconnect and be UL 508C listed for use on distribution systems with 22,000 AIC.

4. Door interlock protection which shall be defeatable by qualified personnel to troubleshoot during operation as required.
5. Input power 460V 60 Hz, 3-phase output voltages shall be equal to applied input voltage.

6. Isolated signal inputs.

7. Frequency Stability:  Output frequency shall be held to +0.1 percent of maximum frequency regardless of load, +10 percent input voltage change or temperature changes within ambient specification.

8. Built-in digital display located in panelface shall indicate output frequency, voltage and current and shall provide indication of over current, over voltage, current limit, ground fault, over temperature, input power on, minimum or maximum speed adjustment, power on, and fault condition.

9. Start/Stop Control:  Controlled decelerated stop.

10. Primary and secondary fused for a control circuit transformer.

11. Minimum and maximum speed control.

12. Adjustable Accel/Decel:  Independently adjustable 10-100 second.

13. Hands-off auto switches.

14. Programmable auto restart after power outage.

15. Fused disconnects shall include auxiliary contacts to isolate control circuit when disconnect is in “off” position.

16. Remote contacts for fault, and on/off status.

17. Adjustable motor output voltage.

18. Analog output voltage of 0-10 VDC, 4-20MA proportional to control output frequency.

19. RS232 communications port, and programming software capability.

E. Additional Features:

1. NEMA 1 enclosure shall isolate each motor starter and control section with its associated disconnect switch.

2. Manual speed control for each motor.

3. Manual bypass shall provide ability to service control while motor is operational.

4. Provide radio frequency and electromagnetic interference noise suppression network to limit radio frequency and electromagnetic interference.

5. Provide isolated analog output signals for volts, amps, and frequency, from each VFD for connection to the building energy management system.

6. Provide line (input) reactors.

7. Provide output filters for all VFD’s located more than 150 conductor feet from the motor they serve.

8. VFD shall be designed to catch a spinning load in forward and reverse direction.

9. Perform harmonic calculations on a manufacturer-supplied harmonic analysis program for conformance with IEEE 519.

F. CSA, ETL, or UL label.

PART 3 -  EXECUTION

3.1 GENERAL

A. Coordinate with the VFD manufacturer to provide and be responsible for all coordination, application engineering, and startup support to ensure that the VFD is properly selected for each piece of equipment.

3.2 VARIABLE SPEED CONTROLLER INSTALLATION

A. Mount on walls in accordance with the manufacturer’s instructions.

B. Coordinate input/output power connections with Division 26.

C. Coordinate control signal with other work of Division 23.

D. Provide startup service by factory authorized technician.

Choose one of the following two articles.  Use Commissioning if Section 019100 is included in the project manual, otherwise use Testing.

3.3 COMMISSIONING

A. Commission systems, equipment, and components specified herein.

3.4 TESTING

A. Check out, start up, and test systems, equipment, and components specified herein.

B. The Port reserves the right to witness any or all of the aforementioned tests.  Provide notice at least 24 hours before testing.

C. Provide, at no additional cost to the Port, any technical assistance or support to ensure the proper testing/performance of the VFD and of the system as a whole.  This includes programming of the VFD to coordinate with the manufacturer’s operating requirements.  Allow 2 hours of startup time per VFD.

D. Provide complete programming information for startup for each VFD.  Provide these parameters in writing to the Port prior to the startup of the VFD and cover the protection, ramp up, ramp down, carrier frequency, and all other necessary parameters.
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