((Specifier leave this line)) SBBC Design & Material Standards, January 01, 2010 Edition)

 SECTION 15052 (26 29 23)
VARIABLE FREQUENCY DRIVES

PART 1 GENERAL

1.1 SECTION INCLUDES

A. Variable frequency drive consisting of a pulse width modulated inverter designed for use on a standard NEMA Design B motor.

1.2 RELATED SECTIONS

A. Section 15055 - Motors.

B. Division 16 - Electrical.

1.3 QUALITY ASSURANCE

A. Manufacturer: Company specializing in the manufacture/production of variable frequency drive (VFD) motors having a two-contactor contained in one housing assembly for a minimum of ten years.

B. All variable frequency drives (VFDs) and their components shall be provided by a single manufacturer.  The single source manufacturer is MANDATORY.

C. The VFD and its components shall be UL listed as a complete assembly.  VFDs that require the Contractor to supply external fuses for the VFD to be UL listed are not approved.

D. VFDs that are manufactured by a third party and are “brand labeled” shall not be approved.

E. The VFD manufacturer shall maintain as part of a national network, engineering and parts service facilities to provide startup service, emergency service calls, repair work, service contracts, maintenance and training to the Owner.

F. The VFD manufacturer shall comply with the latest edition of IEEE 519 - Recommended Practices and Requirements for Harmonic Control in Electrical Power Systems in additions to the latest applicable ANSI, NEMA and NEC standards.  As a minimum, the full load output current rating of the drive shall be equal to 1.2 times the equivalent motor horsepower full load current as listed by NEC Table 430-150.

G. The Harmonic distortion reflected onto the source distribution system shall be limited to voltage and current distortion levels as defined by IEEE 519.  Harmonic calculations shall be provided with the submittal.  Field testing and certification shall be required as indicated separately in this specification.
1.4 REFERENCES

A. ANSI/IEEE 112 - Test Procedure for Polyphase Induction Motors and Generators.

B. IEEE 519 - Recommended Practices & Requirements for Harmonic Control in Electrical Power System.

C. ANSI/NEMA MG 1 - Motors and Generators.

D. NEMA - ICS 7.0, AC Adjustable Speed Drives.

E. ANSI/NFPA 70 - National Electrical Code.

F. IEC 16800, Part  1 and 2

G. UL - UL508C

1.5 SUBMITTALS

A. Submit product data under provisions of Section 01330 - Submittal Procedures.

B. Submit technical information on the VFD motors and all specified options indicating all cabinet dimensions and space requirements for the VFD including automatic bypass contactors and line reactors, UL listing and information of bypass switch operation.

C. The following questions shall be answered as completely as possible.  The information shall be used to run a computer simulation of the system in order to generate an estimate of the harmonic levels produced by the inverter.
1. What is the utility voltage and frequency to the main transformer?
2. What is the utility system short circuit duty amperage immediately before the main transformer for the facility?

3. What is the main transformer kVA and percentage impedance?
4. What is the impedance ratio of the transformer?

5. What is the bus fault current after the main transformer?

6. What is the main bus voltage?

7. What is the inductance or distance of the power line from the main transformer to the main plant power bus?

8. What is the inductance or distance of the power line from the main plant bus to the VFD isolation transformer?

9. What is the VFD input isolation transformer kVA and the percentage of impedance?

D. Submit calculations specific to this installation, showing total harmonic voltage distortion to be less than 5 percent.  Input line filters shall be sized and provided as required by the VFD manufacturer to ensure compliance with IEEE Standard 519.  All VFDs shall include a minimum of 5 percent impedance reactors.  There shall be no exception to this requirement.
E. Site specific electrical system information shall be supplied to the VFD manufacturer in order to attain a free harmonic analysis using the attached questionnaire.  The analysis will determine whether or not the system will be complaint.

F. Submit performance data showing complete efficiency versus load and speed data for all VFD ratings showing that the VFD motors with line reactors are capable of providing full motor nameplate rated horsepower.

G. Submit diagram with all control and power wiring for the VFD including detailed documentation of protection devices such as fuses, breakers, ground fault protection, harmonic suppression, surge suppression, etc.

H. Submit manufacturer’s maintenance and startup/checkout instructions

I. Submit manufacturer's installation instructions under provisions of Section 01330 - Submittal Procedures.

1.6 REGULATORY REQUIREMENTS

A. Conform to applicable electrical codes.

1.7 DELIVERY, STORAGE AND HANDLING

A. Deliver products to site under provisions of Section 01663 - Product Delivery, Storage and Handling Requirements.  

B. Store and protect products under provisions of Section 01663 - Product Delivery, Storage and Handling Requirements.

C. Protect motors stored on site from weather and moisture by maintaining factory covers and suitable weatherproof covering.

PART 2 PRODUCTS

2.1 ACCEPTABLE MANUFACTURERS 

A. ABB ACH Series.

B. Toshiba

C. District Approved Equal.
2.2 WIRING

A. Power:  All electrical wiring for motors, heating elements, components, etc. which serves a part of any equipment or system is defined as power wiring.

B. Interlock:  A series of interlocks applied to associated equipment in such a manner as to prevent or allow operation of the equipment in a prearranged sequence.

C. Control:  Broadly defined as the method and means of governing the performance of any electrical apparatus, machine or system.

2.3 GENERAL CONSTRUCTION AND REQUIREMENTS

A. The VFD shall be enclosed in a UL listed Type 1 enclosure completely assembled and tested by the manufacturer in an ISO9001 facility and carry a UL508 label.  The VFD shall comply with the latest standards of ANSI, IEEE, NEC and be suitable for controlling NEMA Design B motors on continuous duty in variable speed applications.  The VFD shall be capable of a minimum interruption capacity of 50,000 Ampere (AIC) and of converting the input voltage to variable frequency, three phase AC power for variable torque motor control continuously from 10 percent to 100 percent of the base speed.  A transformer shall not be used to adjust the input or output voltage.  All general options and modifications shall mount within the VFD enclosure.  The voltage-to-frequency ratio shall be automatically adjusted to maximize energy savings.

B. The VFD shall have the same Owner interface, including digital display and keypad regardless of the horsepower rating.  The keypad shall be removable, capable of remote mounting and allow for uploading and downloading of parameter settings as an aid for startup of multiple VFDs.  The keypad shall include Hand-Off-Auto (H.O.A) selections and manual speed control.  The drive shall incorporate “bumpless transfer” of speed reference when switching between “Hand” and “Auto” modes.  Keypad shall contain a fault reset and “Help” buttons.  The “Help” button shall include “Online” assistance for programming and troubleshooting.

C. The VFD shall be provided with the following standard options:

1. A complete factory wired and tested bypass system consisting of an output contactor and bypass contactor.  Overload protection shall be provided in both the drive and bypass modes.

2. Door interlocked, pad lockable circuit breaker that will disconnect all input power from the drive and all internally mounted options.

3. Fused VFD only disconnect (service switch).  Fast acting fuses exclusive to the VFD.  Fast acting fuses allow the VFD to disconnect from the line prior to clearing upstream branch circuit protection, maintaining bypass capability.  Bypass designs which have no such fuses or that incorporate fuses common to both the VFD and the bypass shall not be approved.  In addition, three contactor bypass schemes are not acceptable.

4. Dedicated digital input that will transfer the motor from VFD mode to bypass mode upon dry contact closure for fireman’s override.  Two modes of operation are required.

5. One mode forces the motor to bypass operation and overrides both the       VFD and bypass H.O.A. switches and forces the motor to operate across the line (test mode).  The system shall only respond to the digital inputs and motor protections.

6. The second fireman’s override mode remains as above, but will also defeat the overload and single phase protection for bypass and ignore all keypad and digital inputs to the system (run until destruction).

D. The VFD shall have a built-in time clock in the keypad which shall contain a battery backup with ten years minimum life span.  The clock shall date and time stamp faults and record operating parameters at the time of fault.  If the battery fails, the VFD shall automatically revert to hours of operation since initial power up.  The clock shall be programmable to control Start/Stop functions, constant speeds, PID parameter sets and output relays.  The VFD shall have a digital input that allows an override to the time clock when it is in the OFF mode for a programmable time frame.  It shall contain four separate and independent timer functions that have both weekday and weekend settings.

E. The VFD shall have cooling fans that are designed for easy replacement.  Fan replacement shall be performed without requiring removal of the VFD from the wall or removal of circuit boards.  The cooling fans shall operate only when required.  In order to extend the fan and bearing life, operating temperatures will be monitored and used to cycle the fans ON and OFF as required.
F. The VFD shall have the ability to automatically restart after an over-current, over-voltage, under-voltage or loss of input signal protective trip.  The number of restart attempts, trial time and time between attempts shall be programmable.

G. The VFD shall have an integral five percent impedance line reactors to reduce the harmonics to the power line and add protection from alternating current line transients.  The five percent impedance may be from dual (positive and negative direct current bus) reactors or five percent alternating current line reactors.  VFDs with only one direct current reactor shall add alternating current alternating current line reactors.

H. The VFD shall be capable of sensing a loss of load such as a broken belt, broken coupling and signal loss of load condition.  The drive shall be programmable to signal this condition via a keypad warning, relay output and/or over the serial communications bus.  Relay outputs shall include programmable time delays that will allow for drive acceleration from zero speed without signaling a false underload condition.

I. The VFD shall have programmable “Sleep” and Wakeup” functions to allow the drive to be started and stopped from the level of a process feedback signal.

J. The VFD shall include password protection against parameter changes.

K. The VFD shall include a fireman’s override input.  Upon receipt of a contact closure from the fireman’s control station, the VFD shall operate at an adjustable preset speed.  The mode shall override all other inputs (analog/digital, serial communication and all keypad commands) and force the motor to run at the adjustable preset speed.  The “Override Mode” shall be displayed on the keypad.  Upon removal of the override signal, the VFD shall resume normal operation. 

L. The VFD shall contain an automatic bypass which shall include a two contactor system.  The two contactor system shall not be made available for VFDs required for use on irrigation systems.

M. All VFDs through 50 HP shall be protected from input and output power mis-wiring. The VFD shall sense this condition and display an alarm o the keypad.

N. Electrical Service: Refer to Division 16 for required electrical characteristics.  Motors to be turned over to electrical personnel for installation.

O. Single phase motors for shaft mounted fans shall be split phase or permanent split capacitor type.
PART 3 EXECUTION

3.1 INSTALLATION

A. Provide the services of the manufacturer’s technical representative during startup to ensure that the VFD units have been installed, programmed and wired correctly and that the factory recommended startup procedures are followed for each of the VFD units installed.

B. Support shall be provided by factory trained application engineering and service personnel that are thoroughly familiar with the VFD and be locally available at both the specifying and installation locations. A 24 Hour/365 Day technical support line shall be available on a toll free line.

C. Warranty shall be two years from the date of certified startup and not exceed two and one-half years from the date of shipment.  The warranty shall include all parts, labor, travel time and expenses.
D. A computer based training CD shall be provided to the Owner’s maintenance personnel by the VFD manufacturer’s technical representative to provide instruction on the design, operation and maintenance of the VFD.
3.2 PWM HARMONIC QUESTIONNAIRE
A. The following Power Width Modulation (PWM) Harmonic Questionnaire shall be filled out by the consultant engineer.  

1. What is the utility input voltage and frequency to the main transformer (PCC1)?

Answer: __________________________________________
2. What is the utility system short circuit duty amperage (Isc) immediately before the main transformer for the facility (PCC1)?  (optional – provided by the utility – required only if PCC1 is the PCC of concern)

Answer: __________________________________________

3. What is the main transformer (T1) kVA and % impedance?
Answer: __________________________________________



4.

What is the impedance ratio of the main transformer (T1)?



(Inductance: Resistance – Typically 10:1 for large transformers, ratio higher than 10:1 will have negligible impact on results)




Answer: __________________________________________

4. What is the bus fault current (Isc) after the main transformer (at PCC 2)?
Answer: __________________________________________

5. What is the main bus voltage (secondary of main transformer T1)?

Answer: __________________________________________

6. What is the inductance or distance of the power line from the main transformer (PCC2) to the main plant power bus (PCC 3)?

Answer: __________________________________________

7. What is the inductance or distance of the power line from the main plant bus (PCC 3) due to the VFD isolation transformer?

Answer: __________________________________________



9.
What is the VFD input isolation transformer (TK2) KVA and % impedance?




(Transformer directly before inverter)




Answer: __________________________________________



10.
What is the impedance ratio of the input transformer (T2)?



(Inductance: Resistance – Typically 10:1 for large transformers, ratios higher than 10:1 will have negligible impact on results)

Answer: __________________________________________



11.
Is an AC line reactor going to be used?   YES / NO




If so, what is the impedance ___________ or reactance __________ (uH)?




Answer: __________________________________________



12.
What is the building’s nominal fundamental (other) load current on the main plant power bus?




Answer: __________________________________________



13. 
What size and type of drivers are going to be used?




Answer: __________________________________________



14.
How many of each size and type are going to be used on the system?  If more than one is to be used, you must identify separate transformers, reactors and distances from PCC3.




Answer: __________________________________________



15.
Are there any other harmonics already on the main plant bus?   YES / NO




If so, should these be considered in this analysis?   YES / NO




Identify and provide values for these harmonics if these are to be considered.




Answer: __________________________________________



16.
Which point of Common Coupling is of concern for harmonics (PCC1-7)?




Answer: __________________________________________

END OF SECTION
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