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BUILDING NO.	SC#
PROJECT NAME


SECTION 262923 - VARIABLE FREQUENCY DRIVES

GENERAL
SUMMARY
Related Documents:
Drawings and general provisions of the Subcontract apply to this Section.
Review these documents for coordination with additional requirements and information that apply to work under this Section.
Section Includes:
Variable Frequency Drives, with or without Bypass Panels.
Related Sections:
Division 01 Section "General Requirements."
Division 01 Section "Special Procedures."
Division 25 Section "Integrated Automation Facility Controls".
Division 26 Section "Common Work Results for Electrical".
Division 26 Section “Inspections and Testing of Electrical Work”.
Division 26 Section "600 Volt Conductors and Cable".
Division 26 Section “Low Voltage Electrical Power Conductors and Cables (24 Volt AC/DC or Less)”.
Division 26 Section "Secondary Grounding for Electrical Systems".
Division 26 Section "Electrical Conduit".
Division 26 Section “Variable Frequency Drives”.
REFERENCES  
General:
The following documents form part of the Specifications to the extent stated. Where differences exist between codes and standards, the one affording the greatest protection shall apply.
Unless otherwise noted, the edition of the referenced code or standard that is current at the time of the “date of record” for the Work shall be considered the effective code or standard for the duration of the project.
Refer to Division 01 Section "General Requirements" for the list of applicable regulatory requirements.
Refer to specific Division 26 Sections for additional referenced codes and standards.
ANSI/NFPA 70 - National Electrical Code.
LBNL Construction Details and Design Guidelines; Vol. 3 Construction Details; Part VI Electrical Details.
LBNL Electrical Authority Having Jurisdiction: Standard Procedure for Safe Electrical Installations (IAHJ Program)
LBNL Electrical Safety Manual
LBNL Facilities Department Lateral Force Design Criteria.
LBNL Pub-3000 Chapter 8 – Electrical Safety Program
LBNL Pub-3000 Chapter 14 – Electrical Equipment Safety Program
LBNL Pub-3000 Chapter 18 – Lockout/Tagout Program
NECA "Standard of Installation."
NEMA – National Electrical Manufacturers Association:
NEMA ICS 3.1  	Safety Standards for Construction and Guide for Selection, Installation and Operation of Adjustable Speed Drive Systems
NETA ATS - Acceptance Testing Specifications for Electrical Power Distribution Equipment and Systems
<Delete the following standards if no Bypass Panels are to be provided>
ANSI – American National Standards Institute:
ANSI/NEMA ICS 6 - Enclosures for Industrial Controls and Systems.
ANSI/UL 198C - High-Intensity Capacity Fuses; Current-Limiting Types.
Federal Specifications:
FS W-C-375 - Circuit Breakers, Molded Case; Branch Circuit and Service.
FS W-F-870 - Fuseholders (For Plug and Enclosed Cartridge Fuses).
FS W-S-865 - Switch, Box, (Enclosed), Surface-Mounted.
NEMA – National Electrical Manufacturers Association:
NEMA AB 1 - Molded Case Circuit Breakers.
NEMA ICS 2 - Industrial Control Devices, Controllers, and Assemblies.
NEMA KS 1 - Enclosed Switches.
DEFINITIONS
VFD - Variable Frequency Drive.
The VFD - Applies to VFDs furnished and installed by the Subcontractor.
EMCS - Energy Monitoring and Control System.
FMCS - Facility Monitoring and Control System.
SYSTEM DESCRIPTION
Furnish and install VFD(s) as indicated on the subcontract drawings and provide wiring and interconnection, and start-up and test services to provide variable speed motor operation.
It is the Subcontractor's responsibility to determine if the existing motor is suitable for operation with VFD control.  If not suitable, the Subcontractor shall notify the University Project Manager who may, at his option, furnish new replacement motors which are suitable for the purpose intended.  It is the Subcontractor's responsibility to not start or otherwise operate existing motors until it has been determined that they are suitable for operation with VFD control.
The Subcontractor shall furnish and install the VFD as specified, complete with auxiliary components as required to conform with this specification and drawings, including enclosures, transformers, filters, fuses, motor protection, circuit breakers, switches, indicating lights, engraved nameplates, signal transducers, and other components and accessories.  The VFD shall be surface mounted in the locations indicated on the drawings.
The Subcontractor shall furnish and install necessary control relays, transducers, power supplies, or other instrumentation equipment within the VFD as required to interface with the Facility [Energy] Monitoring and Control System (FMCS) [(EMCS)] to produce a completely operational system in accordance with these specifications.  The instrumentation furnished shall permit the FMCS [EMCS] to control the VFD so as to maintain stable operation at a programmable set point.
The Subcontractor shall provide an enclosure for the VFD.  The enclosure shall be ventilated or otherwise adapted to control heat and prevent entrance of moisture, or corrosive or hazardous materials in accordance with the VFD manufacturer's specifications.
<Delete the following paragraph if no Bypass Panels are to be provided.>
[The Subcontractor shall furnish and install switching and wiring to permit the VFD to be removed from operation while allowing the motor to operate.  This bypass switching system shall be fully automatic [manual] and shall allow motors to be operated at full speed when the VFD is out of service.  Bypass shall be automatic [manual] upon a VFD fault.]
The Subcontractor shall provide panel-front manual controls for auto/manual switching of the VFD mode, for adjustment of VFD output in manual mode (10-100 percent speed or 6-60 Hz), and for VFD/bypass operation.  In the bypass mode, the VFD shall be electrically isolated from both the input power and the motor load wiring.
SUBMITTALS
Submit under provisions of Division 01 Section "General Requirements" Paragraph 1.8.F, Submittals, and Division 01 Section "Special Procedures" Paragraph 1.7, Drawings and Specifications, Division 26 Section "Common Work Results for Electrical - Submittals" and as required by other sections of the Specifications."
Shop Drawings: The Subcontractor shall submit for approval Shop Drawings prepared in accordance with Division 01 Section "General Requirements", Paragraph 1.8.F and as required by other sections of the Specifications.
All submittals and shop drawings shall be reviewed and approved by the Facilities Division Utility Group Electrical Engineer before procurement or fabrication of material and equipment.
Pre-Construction Submittals:
Submit under provisions of Division 01 Section "General Requirements" for equipment prior to ordering or fabrication.  No deviations from the submittals as approved shall be permitted and materials purchased prior to approval shall be at the sole risk of the Subcontractor.
All submittal data shall be the same size for groups of information and shall be bound or in a three-ring binder as appropriate.  Information shall be indexed and tabbed with reference to the specific section of the specification.  Clearly indicate the exact model to be provided for each item.
Manufacturer's Installation Instructions:  Submit for components being provided under this section.  Indicate application conditions and limitations of use stipulated by product testing agency.
Labeling:  Submit a sample of the proposed labeling method.
Shop Drawings:  Indicate front and side views of variable frequency drive enclosures with overall dimensions.  Include conduit entrance locations and requirements; nameplate legends; electrical characteristics including voltage, frame size and trip ratings; termination numbers and identificationof purpose; and time-current curves of equipment and components.  Drawings prepared by the Subcontractor shall be developed using the AutoCAD™ computer-aided drafting software.  Drawings shall be a maximum ANSI size D.
VFD Product Data:  Provide complete product data on the variable frequency drive.
<Delete the following if no Bypass Panels are to be provided.>
[Bypass Panels Product Data:  Provide complete product data on bypass contactors, disconnect switches, relays, transformer, enclosure, and switching and overcurrent protective devices.]
Project Record Documents:
The construction subcontract drawings shall be submitted with the Subcontractors markings which record the installed conditions from which the University will produce the "as-builts".
Additional shop drawings produced by the subcontractor shall be revised to show the "as-built" conditions prior to submittal.  Submit as-built shop drawings and copies of computer files developed for this subcontract.
Equipment locations:  Show actual locations of VFDs.
Mounting details:  Accurately record mounting details.
Software configuration:  Submit documentation on the VFD software configuration including the values of parameters and constants, showing both factory settings and modifications for each application.
Operation and Maintenance Data:
Maintenance Data:  Furnish five (5) original copies and 1 compact disc of recommended maintenance procedures and intervals.  Documentation shall include manufacturers model number, manufacturer's installation instructions, switch settings, adjustment procedures, inspection period, recommended cleaning methods and materials, testing methods, and calibration tolerances.  Include spare parts data listing; source and current prices of replacement parts and supplies.
Furnish five (5) hardcopies and one (1) compact disc of as-built drawings which include the elementary and connection diagram.  Electronic drawing files shall be in AutoCAD 2008 format.
Warranty: Warranty period shall start at the date the equipment is energized after acceptance by the University.  Submit five copies of the warranty certificate.
Name, address, and phone number of the service representative to be called in the event of equipment failure.
QUALITY ASSURANCE
Products shall be tested, approved and labeled/listed by Underwriters Laboratories, Inc., or by a nationally recognized testing laboratory (NRTL) as listed in Division 26 Specification "Common Work Results for Electrical."
Electrical equipment and materials shall be new and within one year of manufacture, complying with the latest codes and standards. No used, re-built, refurbished and/or re-manufactured electrical equipment and materials shall be furnished on this project.
Manufacturer's Qualifications:  Company experienced in manufacturing the products specified in this Section with minimum five (5) years documented product development, testing, and manufacturing experience.
Installer Qualifications:  Company experienced in applying the work of this Section with minimum five (5) years documented experience.
The installer shall have a complete sales, installation, and service operation within the area.
Subcontractor must be licensed for C-10 (Electrical) operations.
DELIVERY, STORAGE AND HANDLING
Deliver, store, protect and handle products under provisions of Division 26 Section "Common Work Results for Electrical".
Care shall be taken to prevent damage to materials and equipment during loading, transporting and unloading.  Packaged units shall be delivered in their original crates.  Store in a clean, dry space.  Maintain factory wrapping or provide an additional heavy canvas or heavy plastic cover to protect units from dirt, water, construction debris, and traffic.
Handle in accordance with manufacturer's written instructions.  Lift only with lugs provided for the purpose.  Handle carefully to avoid damage to variable frequency drive components, enclosure, and finish.
coordination
Refer to Division 01 Section "General Requirements" Paragraph 1.7.
Refer to Division 01 Section “Special Procedures” Paragraph 1.6 and Supplement for Equipment Energization Plan and Energization Validation and Authorization Package.
Refer to the LBNL Electrical Authority Having Jurisdiction: Standard Procedure for Safe Electrical Installations (IAHJ Program) in regards to the Facilities Energization Validation and Authorization Package (EVAP) process necessary before equipment energization.
Coordinate installation of system components with other mechanical and electrical systems equipment being interfaced such as motors and motor control centers.
Determine required physical distance between The VFD and other work.
WARRANTY
Warranty: Warranty period of one (1) year minimum shall start at the date the equipment is energized after acceptance by the University.  Submit five (5) copies of the warranty certificate to the University.
MAINTENANCE
Maintenance Service:
Maintenance services shall be provided by the Subcontractor for one (1) year after final system acceptance in accordance with Division 01 Section "General Requirements" without additional cost to the University.  These services shall consist of manufacturer's factory-trained representatives providing emergency repair service with on-site response within 24 hours of call, test equipment and hardware necessary for maintenance and repair work and installation of hardware or software modifications designed to improve system performance or eliminate known problems or deficiencies.
During the warranty period, provide new or revised documentation showing changes required to solve system problems.
Submit written reports on each service or inspection to the LBL Project Manager during the warranty period.
PRODUCTS
MANUFACTURERS
Yaskawa Model P7.
Substitutions:  No substitutes allowed.
MATERIALS
The VFD shall be new and contained in the original manufacturer's packaging.
Unless approved in writing by the University, the VFD shall have the same manufacturer’s model numbers installed in at least ten sites prior to this installation.  Sites shall be located in the United States.
The VFD shall be currently under manufacture and shall be expected to have available, for at least ten years after completion of the subcontract, a complete line of spare parts.
The VFD shall be listed as suitable for the purpose specified and shown on the drawings by Underwriters Laboratory (UL), Electronic Testing Laboratories (ETL), or other nationally-recognized testing service certified for testing in accordance with UL standards.
VARIABLE FREQUENCY DRIVE (VFD)
Horsepower Rating:  As scheduled on the drawings, and compatible with the motors to be driven.
Voltage Rating: [480] [208] volts, three phase, [three] [four] wire, 60 Hertz.  [As scheduled on the drawings.]
Integrated Equipment Short Circuit Rating: [65,000] [18,000] [14,000] amperes rms symmetrical at [480] [208] volts.  [As scheduled on the drawings.]
Remote Control and Feedback Terminals:  Provide for Class 2 wiring terminations to accept a dry contact closure for external start/stop control, a 0-10Vdc analog input signal for external control of speed from 0-60 Hz, a 0-10Vdc output signal to provide frequency feedback, and an alarm dry contact output.
The VFD shall incorporate a disconnect switch sensing function.  This sensing function shall allow the VFD to shut down normally when a power disconnect switch located between the VFD and the associated motor is opened during operation.
Enclosure: ANSI/NEMA ICS 6; Type [NEMA 1.] [NEMA 4] [NEMA 4X] [NEMA 12.]
Upon a fault detection and VFD trip, the alarm contact shall open on the VFD, for external connection and remote indication, to signify a fault condition (contact rating of 0.5 amps resistive at 120 VAC).
<Delete the following if not desirable to connect to the Metasys.>
[FMCS Interface:  Provide terminals to connect a Johnson Controls Inc. Metasys N2 Bus directly to the VFD for remote monitoring of VFD software information including the values of parameters, constants, measured variables, and calculations.]
<Delete the following article if no Bypass Panels are to be provided.>
[BYPASS PANEL
Bypass Panel: The bypass panel shall be of the three magnetic contactor type, fully isolating both the VFD input and output from the line and load sides, and providing full speed motor operation with internal thermal overloads providing overload protection.
Main Overcurrent Protection: Molded case motor protection circuit breaker.
Selector Switches (2): NEMA ICS 2; MANUAL/OFF/AUTO and BYPASS/DRIVE in front cover.
Indicating Lights: NEMA ICS 2; Power On: white; RUN: green; Drive Fault: red; Running on Bypass: amber; Running on Drive: amber; in front cover.
Remote Feedback Terminals:  Provide for Class 2 wiring terminations for normally open and normally closed dry contact outputs which indicate the status of the Bypass Panel (bypass or normal).
Relays: NEMA ICS 2.
Control Power Transformers: Provide one for the bypass panel which provides complete isolation from the VFD when bypassed.
Configuration: [Units front mounting only, accessible from the [front only.] [front and rear.]] [Units front and rear mounting.]
Enclosure: ANSI/NEMA ICS 6; Type [NEMA 1.] [NEMA 4] [NEMA 12.]
Seismic Requirements: ANSI/IEEE 344; Class IV.
Finish: [Manufacturer's standard enamel.] [_______.]
Upon a fault detection and VFD trip, the VFD shall fail to the bypass condition.
[Upon a restoration of the VFD, the VFD shall automatically resume operation and the bypass panel shall automatically transfer control back to the VFD.]]
EXECUTION
EXAMINATION
Verify that systems are ready to receive work.
Once construction has commenced, the Subcontractor shall be fully responsible for modifications necessary to meet the requirements of the Subcontract documents.
VFD INSTALLATION
Install VFD equipment in accordance with manufacturer's instructions.
The VFD shall be totally enclosed in either wall-mounted or free-standing enclosures as specified elsewhere, NEMA 1, 4 or 12 if installed indoors, NEMA 4 or 12 if installed outdoors.
VFD Data: Provide neatly typed label on each variable frequency drive enclosure identifying motor served, nameplate horsepower, full load amperes, code letter, service factor, and voltage/phase rating.
The VFD shall be located as shown on the drawings.  The VFD shall be wall mounted or furnished with steel freestanding panels, as appropriate to the location and as specified.
Freestanding panels shall be securely anchored to the floor with steel bolts, the number and size of which shall be consistent with the size and weight of the enclosure, and consistent with seismic restraint requirements for seismic zone 4.
Wall mounted panels shall be secured to structural walls with steel bolts, the number and size of which shall be consistent with the size and weight of the enclosure, and consistent with seismic restraint requirements for the location.
Installations shall meet the applicable requirements for seismic restraints as required by codes and standards.  Enclosures shall be located so as to provide ready access to controls and displays, and to allow full, unimpeded opening of doors and covers.  Access and clearance shall conform the requirements of the National Electrical Code, Article 110, and OSHA.  Installations shall be subject to University's approval as to location, mounting, and wiring. 
For retrofit applications, remove the existing motor starter, and install the VFD between the existing circuit breaker and the motor disconnect switch, where existing, so that the motor disconnect switch can still be used to isolate the motor.
VFD power output wiring shall be in its own dedicated conduit, it shall not be installed in conduit with wiring for the VFD input wiring or other load.  If existing wiring is in conduit with other wiring, then Subcontractor shall locate VFD appropriately and install new conduit and wiring for the VFD output to the motor.
VFD power input, power output and signal wiring shall be installed in separate and appropriate metallic electrical conduit and raceways, which shall be suitably grounded for VFD installations and in accordance with the VFD manufacturer's recommendations.  Flexible conduit is specifically prohibited.
The Subcontractor shall verify, prior to installing conduits, the free clearance in front of the VFD enclosure will extend out a minimum of 42 inches (10767 mm), and be at least 30 inches (762 mm) wide.  Working clearances shall comply with NEC 110-26.  VFD shall not intrude on codes-required access to, or clearances of, other electrical equipment.
When a Safety Disconnect Switch is required on the Load Side of the VFD, it shall be provided with factory installed normally open auxiliary contacts which are late-make, early-break relative to the switch main contacts.
Where a Subcontractor elects to provide and install a VFD with a horsepower rating in excess of the specified or scheduled rating, circuit conductors and conduit sizes shall be increased as necessary to comply with NEC 430-2.
<Delete the following A if no Bypass Panels are to be provided>
BYPASS PANEL INSTALLATION
The VFD shall be installed with a fully automatic bypass panel in accordance with the enclosure type, location, and mounting requirements in the previous subsection.
For retrofit applications, remove the existing motor starter, and install the VFD/Bypass Panel between the existing circuit breaker and the motor disconnect switch, where existing, so that the motor disconnect switch can still be used to isolate the motor.
Bypass Panel power and signal wiring shall be installed in appropriate metallic electrical conduit and raceways, which shall be suitably grounded for Bypass Panel installations and manufacturer's recommendations.  Flexible conduit is specifically prohibited.
The Subcontractor shall verify, prior to installing conduits, that the free clearance in front of the Bypass Panel enclosure will extend out a minimum of 42 inches (10767 mm), and be at least 30 inches (762 mm) wide.  Working clearances shall comply with NEC 110-26.  The Bypass Panel shall not intrude on codes-required access to, or clearances of, other electrical equipment.
field quality control
Tests shall be made in the presence of an LBNL Inspector or the Electrical AHJ’s designated representative.  The application or interruption of power shall be programmed and directed in accordance with the approved EVAP, inclusive of the Equipment Energization Plan and necessary permits, work tasks and safety compliance steps.
Electrical Tests:  Measure and record insulation resistance of the VFD and its components (phase-to-phase and phase-to-ground) prior to energization.  The Subcontractor shall not be responsible for defective insulation in equipment that has been supplied by the University, unless such damage is due to negligence or incorrect handling or installation workmanship of the Subcontractor.
Visual and mechanical inspection.  Using a calibrated torque wrench, test and record values at all terminations
The insulation resistance of each circuit phase-to-phase and phase-to-ground shall be measured.  For circuits rated less than 600 volts, the resistance shall not be less than 100 megohms.
Systems rated above 240 volts shall be tested with a 1000-volt Megohmmeter. Circuits rated 240 volts and below shall be tested with a 500-volt Megohmmeter. The D.C. potential shall be applied for thirty (30) seconds.
The Subcontractor shall submit to the Project Manager five (5) copies of test results, certified in writing, witnessed, signed and dated, immediately upon completion of work for review and acceptance by the University.  An unsatisfactory condition revealed by these test results, or unsatisfactory methods of tests and/or testing apparatus and instruments, shall be bought to the attention of the Project Manager, Responsible Design Professional and the Facilities Division Utilities Group Electrical Engineer and/or the AHJ designated representative.  Corrections by the Subcontractor shall be validated by re-tests to the satisfaction of the Project Manager, the Registered Design Professional and the Facilities Division Utilities Group Electrical Engineer and/or the AHJ designated representative.
The Project Manager reserves the right to require that the Subcontractor perform and repeat tests that are deemed necessary to complete or check the tests or the certified records of the Subcontractor at any time during the course of the work.  The Subcontractor shall correct unsatisfactory portion of his work that is revealed by the tests or that may be due to progressive deterioration during this period, unless the item in question was a direct specification.
ACCEPTANCE AND ENERGIZATION
[bookmark: _GoBack]Final acceptance shall depend upon the satisfactory test results as performed in accordance with the manufacturer’s instructions.  After tests have been reviewed and approved by the University, energization may proceed in accordance with the approved Equipment Energization Plan and the Energization Validation and Authorization Package (EVAP).
The Subcontractor shall provide labor and equipment necessary to perform a comprehensive acceptance test of the VFD under the supervision of the University.  The Subcontractor shall contact the University to schedule the testing at least two (2) weeks prior to the time at which the system will be prepared to undergo the tests.  Acceptance testing shall be in accordance with manufacturer's written start-up and testing instructions.
Upon energization test and record readings for proper voltages, correct (clockwise) phase rotation and phase sequence (A-B-C).  Provide the University with five (5) certified copies of field test reports.
The Subcontractor shall provide labor and equipment necessary to perform operational testing shall in coordination with specification section Division 25 Section "Integrated Automation Facility Controls".
END OF SECTION 262923
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