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SECTION 15171

VARIABLE FREQUENCY DRIVES

1.00 GENERAL

1.01 PRINCIPAL WORK IN THIS SECTION

A. Variable frequency drives.

NOTE:
DELETE IF NOT REQUIRED.  TYPICALLY, LINE REACTOR SHOULD BE USED.  CHECK WITH ELECTRICAL ENGINEER FOR REQUIREMENTS OF THIS PROJECT.

B. Remotely installed isolation transformers.

Materials, equipment, fabrication, installation and tests, in conformity with applicable codes and authorities having jurisdiction, for variable frequency drives (VFDs).

1.02 QUALITY ASSURANCE

A. Refer to General Provisions.

Manufacturer: Company specializing in manufacture of variable frequency drives and their accessories, with minimum ten years documented product development, testing, and manufacturing experience in the horsepower range required.

B. VFD's shall have a minimum MTBF (mean time between failure) rating of 28 years.

1.03 SUBMITTALS

A. Submit product data, drawings and diagrams for the following items per the provisions of Division 1 and this Division’s General provisions:

NOTE:
THIS SHOULD BE A NUMERICAL LIST OF DETAILED ITEMS THAT THE ENGINEER WISHES TO REVIEW.  IT SHOULD BE SPECIFIC AND NOT VAGUE.  A DATABASE WILL BE GENERATED FROM THIS LIST (FOR EACH INDIVIDUAL PROJECT) AND THE SHOP DRAWING DEPARTMENT WILL TRACK THE PERFORMANCE OF THE CONTRACTOR.  THIS WILL TAKE THE GUESS-WORK OUT OF WHICH SUBMITTALS HAVE BEEN SUBMITTED AND WILL ALLOW US TO PRO-ACTIVELY KEEP THE CONSTRUCTION PROCESS ON SCHEDULE.

KEEP IN MIND THAT ANYTHING REQUESTED IN THE GENERAL PROVISIONS SECTION WILL BE TRACKED UNDER THE GENERAL DIVISIONS FILE (BY THE SHOP DRAWING DEPARTMENT). KEEP 1.03 SIMPLE AND ONLY HAVE A 1.03 A AND NO 103 B.

IF ITEMS ARE LENGTHY, PROVIDE A ONE OR TWO WORD DESCRIPTION WITH A COLON, FOLLOWED BY THE MORE LENGTHY DESCRIPTION.

1. Product data:  Manufacturer’s catalog cuts, ratings and installation instructions.

2. Drawings:  Scale drawings of assembly.

3. Diagrams:  wiring diagrams including all external connections.

2.00 PRODUCTS

2.01 MANUFACTURERS

A. Variable Frequency Drives:

1. Reliance.

2. Magnetek.

3. Allen-Bradley.

4. Toshiba.

5. Square D.

6. Danfoss Graham.

2.02 VARIABLE FREQUENCY DRIVES

A. General:

1. Motors shall be provided with UL Listed variable frequency drive (VFD) control systems.

2. Motors shall be provided with a microprocessor based, pulse width modulated (PWM) variable frequency drive (VFD) control systems as specified or noted. 

3. The adjustable frequency AC motor drive shall be designed to convert the 60 hertz input power to adjustable frequency output power.  The output frequency and voltage of the drive shall be adjustable such that a constant volts/Hz ratio is determined from the design parameters of the driven motor.

4. Drive shall be capable of operating any standard squirrel cage induction motor with load rating within the capacity of the drive.  At any time in the future, it shall be possible to substitute a new or rewound motor in the field without requiring modification of the drive.

5. For retrofit projects, Contractor shall be familiar with existing motor conditions.  Existing motor must have a 1.15 service factor and Class B insulation.  VFD shall be sized for current voltage and HP of existing motor.  Any motors not meeting these minimum requirements shall be replaced and provided by the Contractor.

6. For maintenance purposes, drive shall be capable of starting, stopping and running with stable operation with the motor completely disconnected (no load).

7. Input AC line reactor shall be provided by manufacturers of VFD.

B. Features:

1. Drive enclosure shall be a NEMA Type 1 or equivalent, wall or floor mounted, metal cabinet with hinged front access door(s), filtered ventilation system (if required), and controls that are mounted, wired and tested.

NOTE TO SPECIFIER:  COORDINATE AIC WITH DIVISION 16.  REVIEW SHORT CIRCUIT RATING WITH ELECTRICAL ENGINEER.

2. Fused, interlocked disconnect switch or input line circuit breaker, externally operated, interlocked with enclosure door.  Short circuit interrupting rating of 200,000 amps.

3. Internal 115 VAC control power circuit with transformer and primary and secondary protective fuses.

4. One normally open and one normally closed contacts from run relay, wired to terminal for customer use.  Contactors to enable control of drive from a central control system for start/stop and load shed operation through remote speed reset.

5. Controlled acceleration and deceleration, separately adjustable, shall be provided from 0.5 to 200 seconds with torque limit override acceleration protection and regeneration protection during deceleration.

6. Drive shall automatically adjust the volts/Hz ratio to the motor in proportion to its load without changing speed in order to conserve the maximum amount of energy.

7. Separately adjustable maximum and minimum frequency limits shall be provided.

8. Low frequency/low voltage start with linearly adjustable ramp up to pre-selected speed.

9. All components shall be accessible from the cabinet door for service.  Drive must be designed for side‑by‑side, back‑to‑back and against‑the‑wall installation.

10. Digitally displayed AC ammeter and percent load meter, located on door.

11. Digitally displayed speed control and speed indicator, located on door.

12. Digitally displayed voltmeter, located on door.

13. Hand/off/auto switch with start/stop pushbuttons or  switches.

a. In the "hand" position, the speed is controlled by the door mounted speed control and the start/stop commands are controlled by the door mounted start/stop pushbuttons or switches.

b. In the "off" position, the drive cannot be started.

c. In the "auto" position, the speed is controlled by a remote electronic signal and the drive can receive only a remote start command (momentary contact closure).  The stop command in the auto position can be either remote or from the door mounted stop pushbutton or switch (to ensure maximum safety).

d. To facilitate equipment setup, the drive shall not undergo complete shutdown when moving the selector switch from the hand position to the auto position.

14. Drive fault alarm contact for remote indication.

15. Automatic reset of drive to receive start command after any normal shutdown, including power outages.

16. Remote electrical input signal for speed control(to be coordinated with control Contractor).

17. Critical speed rejection circuit.

18. Drive shall be constructed with integral protection against all normal transients and surges in the incoming power line, any grounding or disconnecting of the output power line, and any interruption or runaway of the incoming speed reference signal.  Protection is defined as a normal shutdown or return to original speed with no component damage.

19. Drive shall protect itself against all phase‑to‑phase and phase‑to‑ground faults.

20. Drive shall protect itself against any removal of load.

21. Drive shall employ adjustable torque limit control to override the speed command and decrease the frequency while maintaining the correct volts/Hz ratio whenever the load level surpasses the drive design level.

22. Drive shall protect itself against single‑phasing and power outages and shall be insensitive to input phase rotation.

23. Drive shall start into a spinning motor or shut down with no component damage.

24. Drive shall ride through any input power dip of three cycles or less.

25. Drive shall go through an orderly shutdown when the incoming voltage low limit is surpassed.

26. Instantaneous overcurrent trip (IOT) shall continuously monitor peak currents.  It shall provide instantaneous shutdown without component failure when high limit setting is surpassed.

27. Torque limit shall be settable from 50 to 100 percent of full drive rating on variable torque loads.  When torque limit engages, the output frequency is steadily reduced until the load reduces to the design capacity.  At that point, the speed will stabilize.  If the load reduces further, the drive shall re-accelerate to the preset speed.

28. Manual bypass shall be provided when indicated by the schedule.  VFD and bypass components shall be mounted inside a common NEMA 1 enclosure, fully pre-wired and ready for installation as a single UL listed device.  Bypass shall include the following:

a. Input, output, and bypass contactors, to disconnect power to the VFD, when the motor is running in the bypass mode.

b. 115 V.A.C. control transformer, with fused primary.

c. Thermal overload relay, to protect the motor while operating in the bypass mode.

d. Circuit breaker/disconnect switch, with a “through-the-door” handle mechanism.

e. Control and safety circuit terminal strip.

f. “Drive-Off-Bypass” selector switch.

g. Pilot lights for “Power On” and “Fault”.

h. “Normal/Test” selector switch, to allow testing and adjustment of the VFD while the motor is running in the bypass mode.

NOTE:
TO SPECIFIER: CHOOSE OPTION 1 OR OPTION 2.  REVIEW WITH ELECTRICAL ENGINEER FOR REQUIREMENTS OF THIS PROJECT.

 MACROBUTTON NoiseReductionOption1 Select Noise Reduction Option 1 REVIEW WITH ELECTRICAL ENGINEER TO FILL IN BLANKS.

29. Drive shall include line reactors or DC bus chokes of minimum 3% impedance to reduce line noise generated by the drive.  The drive manufacturer shall prepare and submit calculations to estimate harmonic distortion levels prior to the installation.  Individual or simultaneous operation of the VFD’s shall not add more than 5 percent total harmonic voltage distortion to the normal bus, nor more than 10 percent while operating from standby generator (if applicable) per IEEE 519, 1992.  The _______________ shall be the point of common coupling.  The short circuit current at point of common coupling under utility operation is _______ Amps.  Maximum allowable total and individual harmonic current distortion limits for each odd harmonic shall not exceed limits as set forth by IEEE 519, 1992.  The utility connection shall be the point of common coupling for current distortion.  The utility short circuit current at the utility interface is ______ Amps.  The total amps of all equipment powered from the utility connection is______ Amps.  Line notch area shall not exceed 22,800 (V/S) and minimum 5 (Rho) line notch depth.  The manufacturer shall provide additional equipment to ensure that this standard is met as necessary. End of option
 MACROBUTTON NoiseReductionOption2 Select Noise Reduction Option 2 REMOVE IF ISOLATING TRANSFORMER IS NOT USED.
30. UL listed, nonlinear isolation transformer to prevent noise and harmonic feedback to electrical system.  Shall be mounted in NEMA 1 enclosure and be of dry type construction with Class H insulation.  Transformer shall be provided by variable frequency drive manufacturer to match performance of variable frequency drive(s). End of option
31. The VFD must meet the requirements for Radio Frequency Interference (RFI) above 7 MHz as specified by FCC regulations, part 15, subpart J, Class A devices.

32. A digital diagnostic system which monitors its own control functions and displays faults and operating conditions.

33. Operating conditions:

a. Line voltage variations:  +10 percent, -5 percent.

b. Line frequency variations:  (2 hertz.

c. Overload capability of up to 130 percent of full drive rating for variable torque loads.

d. Ambient temperature:  0oC to 40oC.

e. Maximum altitude limit:  3,300 feet.

f. Maximum humidity:  95 percent (non‑condensing).

g. Efficiency in excess of 95 percent at full load/full speed and in excess of 80 percent at half speed on a variable torque load (cubic load).

34. Serial communication.

35. VFD shall be capable of PID (Proportional, Integral, Derivative) logic, to provide closed-loop setpoint control capability, from a remote reference.  In addition, an energy saving sleep function should be used in conjunction with the PID control.  The SLEEP function reduces the unnecessary operation of equipment.  When the SLEEP function senses a minimal deviation of a sensor (pressure, temperature), the system reacts by removing the run signal from the equipment.  Upon receiving an ample sensor signal deviation, the equipment returns the run signal and resumes normal operation.

3.00 EXECUTION

3.01 INSTALLATION

A. Install in accordance with manufacturer's recommendations.

B. Coordinate drive equipment with motors supplied under MOTORS AND MOTOR CONTROLLERS.

C. Factory representative shall inspect final installation of all drives and connected wiring and make all final adjustments to meet specified performance.  

3.02 TESTS

A. Manufacturer shall conduct factory tests to assure conformance to specification requirements.

B. All power components shall be run‑tested under specified temperature and load conditions.

C. Complete records of test procedure and results shall be made available at no cost to Owner's representative.

3.03 TRAINING

A. Factory representative shall provide on‑site training of operating personnel after the system is fully operational.

3.04 warranty

A. Three-year warranty from date of shipment.

NOTE:
REVIEW THE WORK INCLUDED IN PARAGRAPH 1.01.  FOR EACH ITEM LISTED, THERE MUST BE A CORRESPONDING PARAGRAPH IN PART 2 AND/OR PART 3.

END OF SECTION
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