SECTION 26 29 23
VARIABLE FREQUENCY CONTROLLERS (VFDs)

PART 1 - seq level0 \h \r0 

seq level1 \h \r0 

seq level2 \h \r0 

seq level3 \h \r0 

seq level4 \h \r0 

seq level5 \h \r0 

seq level6 \h \r0 

seq level7 \h \r0 GENERAL

1.1 WORK INCLUDED

A. Provide variable frequency drives (VFDs) as called for in these specifications and noted on the Drawings for controlling electric motor speeds.

1.2 seq level2 \h \r0 RELATED SECTIONS

A. Section 23 05 00:  General Provisions

B. Section 23 05 13:  Motors and Drives

C. Section 23 21 23:  HVAC Pumps

D. 
E. Section 23 73 23:  Factory Assembled Air Handling Units

F. Section 23 34 16:  Fans

G. 
H. Section 23 09 00:  Building Control Systems

I. Section 23 09 19:  Hydronic Flow Control Systems

J. Section 23 09 16:  Air Flow Control Systems

1.3 seq level2 \h \r0 QUALITY ASSURANCE

A. Provide only Variable Frequency Drives suitable for application to NEMA Design B induction motors.  Provide drives compatible with standard production, 480 Volt, 3 phase high efficiency motors.  Never purchase drives that require any modifications of the motor or any special motor design.  Use only drives approved by Underwriters Laboratories or ETL as well as by the other regulatory agencies listed in this specification.  

B. No VFD on the Project shall produce line noise (power line voltage or current distortion) in excess of that defined in the IEEE Standard 519-1981.  In part, this standard states that the voltage distortion factor shall not exceed 3%, and line notch depths shall not exceed 10%.




	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


C. Audible noise from any VFD operating anywhere in its range shall not exceed 85 dBa, measured at a point 3 feet from the VFD.

D. Referenced Standards:

1. Underwriters Laboratories

2. UL 508

3. National Electrical Manufacturer’s Association (NEMA)

4. ISC6, Enclosures for Industrial Controls and Systems

5. IEC 801-2, 801-4, 255-4

6. Institute of Electrical and Electronic Engineers (IEEE)

7. Standard 519-1992 IEEE Guide for Harmonic Content and Control

1.4 seq level2 \h \r0 SUBMITTALS

A. Submit complete technical data sheets for each VFD showing all pertinent data including at least the following:

1. Connected motor nameplate full load amperage.

2. VFD characteristics:

a. Motor amperage capacity. – If available.

b. Power factor at full load.

c. Efficiency at full load.

d. Electrical power input characteristics.

e. Control interface requirements.

f. Status display systems.

g. Physical dimensions and weight.

h. Options not listed in the specifications.

i. Exceptions and variations from the specifications.


3. Compliance to IEEE 519 for the particular job site including total harmonic analysis for voltage and current.

1) Provide calculations for job site showing total harmonic voltage distortion is 5 3% or less. Input line filters shall be sized and provided as required by the VFD manufacturer to ensure compliance with IEEE standard 5519-1992. The acceptance of this calculation must be accepted prior to VFD installation.

2) Prior to installation, the VFD manufacturer shall provide the estimated total harmonic distortion (THD) for voltage caused by the VFDs at the point of common coupling. The results based on a computer aided circuit simulation of the total actual system, with information obtained from the engineer and contract documents.

3) If the voltage THD exceeds 5 3% the VFD manufacturer is to recommend/include the additional equipment required to reduce the voltage THD to an acceptable level.

4. seq level4 \h \r0 Submit complete wiring diagrams and dimensional drawings of all equipment including at least the following information:

a. Monitoring and control terminals, designations and locations.

b. Power circuit diagram, including the disconnect, [bypass] and motor.

c. Control circuit diagram.

d. Wiring of options and auxiliary devices.

5. Submit certification of factory functional final testing

B. seq level3 \h \r0 

seq level4 \h \r0 Upon completion of the work, the Contractor shall include all the above information in his inserts for the Owner's Manual.  The Contractor shall also include all information about operating, maintaining and ordering replacement parts for their VFDs.

PART 2 - seq level1 \h \r0 

seq level2 \h \r0 PRODUCTS

2.1 ACCEPTABLE MANUFACTURERS


A. Allen Bradley

B. ABB

C. Danfoss Graham
D. Acceptance of a manufacturer's products does not release him from the requirements of the specifications.  All suppliers listed above may submit their products, but each shall also submit a letter describing any part of these specifications he can not meet.  If he has taken no exceptions to the specifications in his submittal, the supplier shall meet all requirements of the specifications.



E. The Contractor shall obtain all the VFDs for the entire Project from a single manufacturer.

2.2 seq level2 \h \r0 GENERAL REQUIREMENTS

A. Provide each VFD as a solid‑state electronic device consisting primarily of an input converter section (which converts AC power to DC power) electrically linked to an output invertor section (which produces output power to the motor with controllable frequency and voltage).  Solid‑state electronic devices packaged with the VFD shall perform all the necessary control functions that sense and control specific operating parameters and protect the motor and the drive.  Speed control shall be continuous and stepless throughout the control range from 10% torque and RPM to the design operating conditions.  Use only the best quality electronic devices operating well within their design operating ranges as components in these drives.

B. Unless noted otherwise, provide only VFDs that will accept 460 Volt (± 10%), 3 phase, 60 hertz power to produce a 3 phase output for positive motor speed and torque control.   The output frequency and voltage shall track at a constant volts per hertz ratio over the entire operating range.

C. Provide each VFD to meet or exceed the motor current stated in NEC 430-150 to serve the motor to which it is connected.  Rate output for at least the motor nameplate full load amperage.  Nevertheless, size VFDs equipped with an internal bypass to deliver starting current to their motors.  Include a 115% service factor in the current rating for each VFD so the VFD can operate safely and continuously at 115% of its rated ampacity.

D. Select VFDs so they are at least 95% efficient at 100% speed and at least 85% efficient at 50% speed.  Provide each VFD with a power factor of at least 95% at 100% speed and at least 90% at 25% speed.


E. Use only VFDs compatible with an environment maintained in a range between 0( C. and 40( C. with relative humidity up to 95% (assuming no condensation) at elevations up to 3,300 feet above sea level.


F. Each VFD enclosure shall be NEMA 1.

G. In accordance with applicable safety codes, all capacitor voltages within each VFD shall reduce to a safe value after power is disconnected.

H. Each bidding supplier of VFDs shall review all the Contract Documents for Division 15 and 16 and shall become completely familiar with the power source(s) and transformers and with the nature of the loads on the Project's power distribution system.  After this review, each VFD supplier shall verify that the equipment supplied will be compatible with the electrical distribution system and capable of continuous, stable operation.  They shall also verify that the equipment will be capable of starting and stopping while connected to the electrical system under any anticipated operating condition.  VFD operation shall not cause any malfunction or interaction with any other loads or devices connected to the electrical system.  Conversely, no VFD operation shall be adversely affected by any other loads or VFD operations.

I. Select VFDs carefully so harmonics produced by all the VFDs in the facility, combined, do not exceed the following limits:

1. 3% total harmonic voltage distortion.

2. Line notching of one (1) zero crossing per cycle.

3. Where required to meet the harmonics requirements listed above, furnish and install UL listed, dry-type, isolation transformers or line reactors or harmonic filters to attenuate the affect of the VFDs upon the rest of the electrical system.  Isolation transformers shall comply with Section 16460 - Transformers, and shall have a UL rating of K-13.

2.3 seq level2 \h \r0 

seq level3 \h \r0 CONVERTER SECTIONS

A. Provide an input converter based upon a full wave diode bridge design.  Provide an isolation transformer or a line reactance on the incoming power supply.  The isolation transformer or line reactors shall provide a minimum of 3 % line reactance. Drives with internal line reactance or internal chokes that provide for the equivalent of 3 % line reactance are considered acceptable.



2.4 seq level2 \h \r0 INVERTOR SECTION

A. Provide an inverter section that is solid state, with Pulse Width Modulated (PWM) output waveform. Six step and current source drives are not acceptable.

2.5 seq level2 \h \r0 CONTROL SECTION

A. Electrically isolate the following circuit systems from the main power circuits:

1. The internal control circuitry used to regulate the DC bus voltage and invertor output frequency.

2. The circuitry that supplies the various microprocessors, controllers, sensors, etc., to provide the drive's operational and safety features. 

B. seq level3 \h \r0 Provide devices to limit operational parameters including at least the following:

1. Devices to permit field adjustment of the minimum output frequency.  The range shall go from a 4 Hz minimum to a 60 Hz maximum.

2. Devices to permit field adjustment of the maximum output frequency.  The range shall go from a 4 Hz minimum to a 60 Hz maximum.


3. Devices to permit individual field adjustment of the acceleration rate from 0% to 100% speed in from 2 to at least 120 seconds.  Unless noted otherwise, set full range acceleration rates initially at 60 seconds.

4. Devices to permit individual field adjustment of the deceleration rate from 0% to 100% speed in from 2 to at least 120 seconds.  Unless noted otherwise, set full range deceleration rates initially at 60 seconds.

5. Devices to permit field input of at least two output frequency ranges that will be locked out for the VFD.  These controls shall allow the VFD to accelerate or decelerate through these rages, but shall not allow it to operate constantly within them.

6. Devices to permit field adjustment of the maximum output current limit to at least 115% of the invertor ampacity.  Unless noted otherwise, set current limits initially at 100% of the invertor ampacity.

7. Devices to permit adjustment of the volts per hertz ratio which shall be factory set and sealed at a value equal to the drive's rated voltage divided by 60 Hz.  The adjustment range shall encompass the range 7.6 V/Hz ± 50% (460 volt) or 3.5V/Hz ( 50% (208 volt) as well as V/Hz squared.


8. A field adjustable output carrier frequency range of 1 kHz to 12 kHz, factory set at 3 kHz. This allows field adjustment to compensate for motor noise. Using higher frequencies causes a greater stress to be placed on the motor due to the increase of reflected wave applied to the motor. VFD shall be fully rated for rated HP at all carrier frequencies. No derating will be allowed. If acoustical motor noise created by the VFD is deemed objectionable by the engineer, the VFD supplier shall remedy the situation at no cost to the project or engineer.


C. seq level3 \h \r0 Provide at least the following protection controls:

1. Input AC circuit breaker or disconnect with fuses and a lockable handle.

2. Protection from transients and surges in either voltage or current on the input line.

3. Input line, non‑momentary, under-voltage self‑protection of 5% and over-voltage self‑protection of 10% of the rated operating voltage.  Over-voltage protection shall protect against input line over-voltage and excessive regenerative energy from the motor and the load.  The VFD shall ride through momentary power outages of up to 5 cycles (83 milliseconds).

4. Over-temperature protection of the VFD solid‑state devices.  These devices shall sense temperatures and shut down the drive when temperatures exceed the manufacturer's rated temperature limits.

5. Running over-current protection to keep the VFD operating within the limits established for the various types of motors specified in Section 15170.  These current limiting devices shall function automatically to prevent an over-current trip due to a momentary overload condition.

6. An automatic reset and restart circuit that will restart the motor 20 seconds after a self‑protection shut down.  The VFD shall attempt 5 automatic restarts.  Each successive attempt shall occur at least 2 minutes after the last.

7. Protection against damage caused when the VFD attempts to start a motor that is already rotating.  Provide this protection only for VFDs that can not start a rotating motor.

D. seq level3 \h \r0 The following list of required VFD operating controls is a generic list that applies to all VFDs provided on the Project.  In additional, certain applications (such as variable speed pumping) may require their own unique operating controls.  Refer to the separate Sections of the Specification for the operating controls unique to each application.  Provide at least the following operating controls with each VFD used on this Project:

1. An all-electric, solid-state operating control system that shall cause the invertor section output frequency and voltage to modulate in response to signals generated by the Sequence of Operation specified in Section 15985.  The output frequency shall be accurate to within 3 Hz and stable to within ± 0.5% of the setting.  The output voltage shall be stable to within ± 2% of the setting.  The output frequency control shall respond to any of the following control signals:

a. Potentiometers:  6000 Ohm and 135 Ohm.

b. Direct Current Analog Voltages (VDC):  0 - 10 VDC and 0 - 5 VDC.

c. Direct Current Analog Milliamps (ma): 4 ‑ 20 ma and 0-5 ma.


d. 
e. Direct digital network serial communication capability.

f. Controls shall be scalable as needed.

g. Inputs shall be grounded or floating as needed.

2. Any VFD shall respond to any of the above signals in either a direct or a reverse mode of operation.  Refer to Section and the Equipment Schedule for the required interface in each case.


3. seq level4 \h \r0 Any VFD shall provide an analog output signal (VDC) proportional to either output frequency, volts or amps.  The controls on the VFD shall allow a manual selection of the type of output signal.  They shall also provide a field adjustment of the range of this signal from 0 to 1 through 0 to 10 VDC.

4. Equip each VFD with a built-in self-diagnostic section that indicates at least the following:

a. Control power supply failure.

b. Short circuit or ground fault.

c. Open circuit.

d. The presence of logic gate pulses for both the invertor and the converter sections.

5. seq level4 \h \r0 The VFD control system shall start and stop the motor in response to any of the following:

a. A contact closure.

b. The speed control signal dropping below or rising above a minimum setting.

6. seq level4 \h \r0 Provide the following monitoring switches rated for at least 1 amp at 120 VAC:

a. Run Contact ‑ toggles when the motor is started or stopped.

b. Trip Contact ‑ toggles when a protective circuit shuts down the unit.  The trip contact shall signal continuously until it is manually reset, even if the unit automatically restarts.

7. seq level4 \h \r0 To facilitate testing and troubleshooting, provide invertors and controls capable of operating without a motor or load of any kind.  This stand-alone operation allows monitoring of the invertor response to all control signals without affecting the motor or the driven equipment.

8. Provide a cabinet and other enclosures for each VFD that include at least the following:

a. Either a wall mounted or a free standing NEMA 1 enclosure(s) shall house the converter, invertor, inductors, capacitors, control transformer and PC boards, relays, fuses, motor overloads, electric sensing devices and contactors.

b. Provide an electrical input disconnect switch between the controller and all phases of incoming electrical power.  Include a through-the-door interlocking handle with provisions for padlocking.


c. For AH-19,AH-21 and AH-22, provide a separate, manual bypass section containing a starter and all bypass wiring, contactors, relays and motor protection equipment so they are isolated from the solid-state VFD.  This separate bypass shall permit maintenance of the VFD internals under zero power conditions with the motor running at full speed in isolated bypass.


9. seq level4 \h \r0 Miscellaneous Devices

a. Provide three-leg motor overload protection for each motor connected to the invertor section output.  Size and install this protection in conformance with the NEC.


10. seq level4 \h \r0 The following devices shall be door mounted:

a. Displays – Plain English Readout Only.

1) Six digit, elapsed time meter indicating system run time.

2) Ammeter displaying input current, or KW meter displaying input power (True RMS Values).

3) Meter displaying output frequency.

b. seq level5 \h \r0 Indicators

1) "On/Off" Status.

2) Input power status.

3) Input power fault.

4) Over-current fault.

5) Over-voltage or under-voltage fault.

6) Ground fault.

7) Over-temperature fault.

8) Motor overload fault.

c. seq level5 \h \r0 Manual Controls

1) Hand-Off-Auto" selector switch for control system selection.

2) Manual speed potentiometer calibrated in % maximum speed.

3) Calibrated adjustment of current limit for fault protection.

PART 3 - seq level1 \h \r0 

seq level2 \h \r0 

seq level3 \h \r0 

seq level4 \h \r0 

seq level5 \h \r0 EXECUTION

3.1 COORDINATION

A. The VFD manufacturer shall provide a control interface that will accept input from a standard control interface.  The manufacturer shall coordinate with the temperature control contractor to provide signal compatibility. Direct serial communication is preferable. Common systems for interface include:

1. 
2. 
3. Siemens Technology Controls

4. 
B. The VFD manufacturer shall coordinate with the driven equipment manufacturer to obtain information about any critical speeds, which must be locked out in the VFD controls to avoid problems with noise or vibration caused by harmonic resonance in mechanical systems.

C. Electrical Contractor shall coordinate final location of VFD with Manufacturer and Mechanical Contractor.

D. Drive should be located as close as practical to the motor. If the location cannot be maintained within the manufacturers guidelines, manufacturer shall provide an output filter to minimize the effects of reflected wave considerations for the motor. The drive supplier shall coordinate the distance and location of the VFD with the contractor and shall include any required output filtering required with no additional cost to the project.


3.2 seq level2 \h \r0 TESTING AND STARTUP

1. seq level4 \h \r0 Startup and Acceptance Tests:

a. Factory trained personnel shall participate and advise in the initial startup of all systems connected to a VFD.  In cooperation with the Mechanical Contractor, they shall perform the tests listed below.  Arrange the tests with the Engineer and the Mechanical Contractor.  Perform them at no additional cost to the Project.

b. Perform at least the following field operation tests and write a report to the Engineer that each VFD met the stated guidelines.

1) Minimum output frequency = 4 hz ± 1 hz.

2) Maximum output frequency = 60 hz ± 1 hz.

3) Acceleration rate from dead stop to full speed tested at the maximum and the minimum rate adjustment.

4) Deceleration rate from full speed to dead stop tested at the maximum and the minimum rate adjustment.

5) Control signal setpoint ± 10% of that specified.

6) Control setpoint offset ± 10% of that specified.

7) Simulated power outage and control system reaction.

8) Manual bypass switchover tested. If so equipped.

9) Attempt starting into a rotating load to determine if self protection is adequate.


10) Test the installation to determine that the voltage distortion factor does not exceed 3% and the line notch depth does not exceed 10% as defined in IEEE Standard 519‑1981 "IEEE Guide for Harmonic Control and Reactive Compensation of Static Power Converter."  Provide the necessary line reactors to achieve these values.  Provide a written report to the engineer showing all test results.

3.3 seq level2 \h \r0 

seq level3 \h \r0 

seq level4 \h \r0 

seq level5 \h \r0 INSTALLATION

A. Fasten cabinets and enclosures permanently to the building structure.

B. Coordinate control connections with other contractors.

C. All internal wiring should be factory connected.  The VFD supplier shall install all wiring between each VFD enclosure and verify that all internal wiring is complete.

D. Provide all power connections, including all power wiring associated with any isolation transformers disconnect switches, and accessories.  Include power wiring from drive to motor. Ground condition.

E. The temperature control contractor shall provide all control connections from outside sensors or from control devices.

F. Install each VFD in sight of the motor it controls.  If this is not possible, provide an auxiliary disconnect switch at the motor as required by the NEC or as required elsewhere in the specifications.  If this becomes necessary, the Contractor shall notify the Engineer before proceeding.

G. Provide a separate grounding conductor to the drive and from the drive to the motor in addition to and to supplement the conduit system. Ensure that the ground path is continuous to the building source of supply. 


H. Ensure that any motor overload protection is properly set, sized or programmed for the motor nameplate current of the motor, which it served, by the VFD. In the case of multiple motors being supplied from one VFD, provide separate overload protection for each motor.

I. Provide separate metallic conduit for line, load and control conductors.

J. Insure that rotation is correct in both normal mode of operation and in the bypass mode if the VFD is so equipped.

3.4 seq level2 \h \r0 TRAINING

A. The manufacturer shall arrange for and conduct a user training session at the Project site to explain the operation of each type of factory assembled VFD package.  Allow at least eight (8) hours for the first drive, then four (4) hours for each drive beyond the first up to a maximum of twenty-four (24) hours for all installed drives.  The supplier shall schedule the training sessions with the Owner and advise the Engineer of all such arrangements.

END OF SECTION
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