SECTION 16484

ADJUSTABLE FREQUENCY DRIVE FOR A-C INDUCTION MOTORS

PART 1 GENERAL

1.01 SYSTEM DESCRIPTION

A. This specification describes the manufacture, assembly, and testing of an electronic adjustable frequency/speed drive (AFD) to control existing centrifugal fan motors for variable air volume systems.

1.02 REFERENCES 

A. National Electrical Manufacturers Association (NEMA) 

ANSI/NEMA 250 - Enclosures for Electrical Equipment

B. National Fire Protection Association (NFPA)

NSI/NFPA 70 - National Electrical Code (NEC) 1999

C. Institute of Electrical and Electronics Engineers (IEEE)  

IEEE Standard 519-1981, Guide for Harmonic Control and Reactive Compensation of Static Power Converters

D. Federal Communications Commission (FCC) 

FCC Part 15, Class A - Radio Frequency Interference (RFI) 

E. Underwriters Laboratories (UL) 

UL 508, Electrical Testing Laboratories (ETL)

1.03 QUALIFICATIONS

A. Manufacturer: The AFD shall be the product of one manufacturer who has been regularly engaged in the design and production of packaged adjustable frequency drives for a minimum of 10 years.

1.04 WARRANTY

A. Provide 3-year warranty to include coverage of travel, labor, parts, and  service.

1.05 MAINTENANCE SERVICE

A. Furnish service and maintenance of packaged AFD unit for 1  year from date of installation. 

1.06 QUALITY ASSURANCE

A. Quality Assurance Plan

The Supplier shall use a system of recording and reporting information  that will provide the Company with the required certified documentation  that the item, materials of construction, and performance are in conformance with the specification and the applicable standards. The Quality Assurance (QA) Plan shall describe this system of documentation and shall be submitted for review. Reports shall include the following: 

1. Certification that the materials and methods used in manufacturing meet the specification requirements. 

2. Technical and test data pertaining to the finished product are in accordance with the methods and standards referenced in this specification.

B. Wavier or Deviation Request 

In the event, as the equipment is being manufactured and tested, the Supplier determines that any requirement of this specification will not be met, a "Request for Waiver or Deviation" form shall be completed by the Supplier and  submitted to the Company for approval or rejection. Forms will be provided by the Company upon request. 

PART 2 PRODUCTS 

2.01 GENERAL

A. The AFD shall consist of a three-phase, variable torque, microprocessor- controlled inverter capable of driving the AC induction motors described in this specification from 10% to 100% of the motor's 60 Hz base speed.  The AFD shall operate the motor continuously at the setpoint speed without damage to the motor. 

B. The AFD shall include a converter and an inverter section. 

1. The converter section shall convert fixed frequency and voltage AC utility power to DC voltage. Input line filters shall be provided as an integral part of the input section of the AFD. 

2. The inverter section of the AFD shall invert the DC voltage into a quality output waveform, with adjustable voltage and frequency for stepless motor speed control. 

C. The AFD shall be capable of normal operation at a distance of 50 feet from the motor. It shall also be capable of operating without a motor or any other equipment connected to the drive output to facilitate start-up and troubleshooting.  

2.02 POWER QUALITY

A. Design of the AFD shall incorporate features necessary to minimize harmonic voltages and currents, radio frequency interference, maintain  high power factor, and provide maximum operating efficiency of the drive and motor combination. 

1. Line noise generated by the AFD to the Company's power system shall be no greater than 3% individual voltage harmonic distortion, and 5% total voltage harmonic distortion (THD), with respect to the fundamental frequency. Commutation notch area in the line-to-line voltage shall be no greater than 16,400 volt-microsecond, in accordance with IEEE Standard 519. 

2. Input line reactors shall be provided to minimize the harmonics introduced into the AC line and to provide additional protection from AC line transients. 

3. Drive efficiency shall exceed 97% at 100% speed and load, and 90% at 50% speed and load. Displacement power factor shall exceed 0.95 regardless of  speed and load. 

4. The AFD shall not emit radiated RFI in excess of the limits set forth in the FCC Rules and Regulations, Part 15 for Class A computing devices. RFI   filters shall be provided as necessary. The AFD shall carry an FCC compliance label. 

5. Motor noise resulting from the AFD shall be limited to 3dB over across the  line operation, measured at 3 feet from the motor. 

B. The manufacturer shall supply a report on the AFD distortion levels with the price quotation based on the Company's power system data provided on  Page 1 and Attachments A thru D of this specification. 

2.03 ASSEMBLY

A. The AFD shall be protected inside a NEMA 12, floor-mounted, front-access enclosure for use inside an industrial area. The enclosure shall be provided with  circulation fans and filters. The AFD shall be capable of operating at an ambient temperature range of 0o to 40o C (32o to 104o F) at 95% humidity. 

B. The enclosure shall have conduit entry points at the top for the input and  output power conductors and drive control cable. Two ground lugs shall be furnished, one for the incoming and one for the outgoing ground  conductors. Lifting eyes shall be provided at the top of the enclosure. 

C. All power semiconductors shall be located on a common heat sink for modularity and ease of service. The inverter and driver circuits shall contain LED's to indicate firing sequence and for troubleshooting.(See Section 2.05D) 

D. The AFD shall carry an Electrical Testing Laboratories (ETL) label.

2.04 PROTECTIVE FEATURES

A. AFD Input

1. Undervoltage

2. Phase Loss

3. AC Line Transients 

B. AFD Output 

1. Motor Overload

2. Overcurrent

3. Ground Fault

C. DC Bus Overvoltage 

D. Overtemperature 

E. Logic Card Battery Back-up

F. The AFD shall incorporate stall prevention techniques by adjusting output voltage and frequency to avoid overload conditions during acceleration,  deceleration, and continuous operation.

G. The AFD shall have the capability to start into a spinning motor. It shall be able to determine the motor speed in any direction and resume operation  without tripping. 

H. A door interlocked and pad-lockable switch shall be provided on the front of the unit to disconnect power to the AFD. 

2.05 STATUS INDICATION

A. Self-check diagnostic capability shall be provided each time the drive is powered up, and potential fault conditions monitored while running.  Critical parameters such as drive output current, voltage, kilowatts, frequency, and motor speed (as a percentage of base speed) shall be locally displayed on a multi-function digital meter. 
A "Power On" light to indicate that the AFD is receiving utility power,  a "Run" indication light, and a "Fault" light to indicate that the AFD  has tripped shall be provided on the front panel. 

B. Output form-C contacts from the "Run" and "Fault" modes shall be provided for customer use. A "Safety Shutdown" input shall also be provided to shut down the AFD when a normally closed remote contact opens. The customer input and output contacts shall be wired to a terminal strip.

C. The AFD shall contain internal, trouble-shooting LED's to include: 

1. Overvoltage LED

2. Undervoltage LED

3. Overcurrent LED

4. Chopper operation LED

5. Inverter operation LED's 

6. Driver operation LED's

7. Input Bus Charged LED

8. Output Bus Charged LED

D. The control card shall contain a multiple pin connector for use with a diagnostic test meter.

2.06 ADJUSTMENT FEATURES 

A. The AFD shall accept a 4 to 20mA follower signal from an external source provided by the Company. Connection points shall be provided for the control signal cable.

B. Internal Speed Adjustments 

1. Maximum speed, adjustable 50 to 100% base speed.

2. Minimum speed, adjustable 0 to 50% base speed.

3. Acceleration time, adjustable 3 to 60 seconds.

4. Deceleration time, adjustable 3 to 60 seconds, with override circuit to prevent nuisance trips if deceleration time set too short.

5. Offset and Gain to calibrate the customer input speed signal.

C. External Speed Control Potentiometer

D. Local/Remote Selector Switch

1. In the "Remote" position, motor speed is determined by the external follower signal.

2. In the "Local" position, motor speed is determined by the manual speed control potentiometer.

E. Current Limit, adjustable 0 to 105% of the drive's rated output current.

2.07 TEST AT SELLER'S PLANT

A. The AFD shall be tested (burned-in) and cycled with an induction motor  load or dynamometer, for a 24 hour minimum period without an unscheduled shutdown, in an ambient temperature of at least 40o C. The Supplier shall  submit a description of the test procedures and results with the equipment.

2.08 SHIPPING AND RECEIVING

A. The preparation for shipment shall protect the equipment against breakage, dampness, corrosion, or vibration damage encountered in transporting and handling. The packaging shall discourage tampering and pilfering and be acceptable to the transporting company. Each shipping container shall be identified with the following: Purchase Order No., Data Sheet No., Description of Contents, Manufacturer's Name & Address, Company's Name & Address, Destination.

PART 3 EXECUTION

3.01 START-UP SERVICE

A. The manufacturer shall provide start-up commissioning of the AFD by a factory certified service technician who is experienced in start-up and repair services. The commissioning personnel shall be the same personnel that will provide the factory service and warranty repairs at the customer's site. Sales personnel and other agents who are not factory certified technicians for field repair shall not be acceptable as commissioning agents.

B. Start-up services shall include verification of proper operation and installation of the AFD, its options, and its interface wiring to the Company's power and control system. Included in this service shall be (as a minimum):

1. Verification of wire terminations to the AFD and its optional circuitry.

2. Verification of proper operation and reliability of the AFD and the motor being driven.

3. Measurements of the input and output waveforms using a "power quality analyzer" capable of performing real-time harmonic distortion analysis.

4. Calibration and adjustment of the minimum speed, maximum speed, acceleration/ deceleration rates, and control input.

5. Company operator training on operation and service diagnostics at the time of the equipment commissioning.
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