



SECTION 26 2923
VARIABLE-Frequency MOTOR Controllers

*************************************************************************************************************

LANL MASTER SPECIFICATION

Word file at http://engstandards.lanl.gov
This template must be edited for each project.  In doing so, specifier must add job-specific requirements.  Brackets are used in the text to indicate designer choices or locations where text must be supplied by the designer.  Once the choice is made or text supplied, remove the brackets.  The specifications must also be edited to delete specification requirements for processes, items, or designs that are not included in the project -- and specifier’s notes such as these.  Additional tailoring requirements are contained in ESM Chapter 1 Section Z10 Att. F, Specifications.

To seek a variance from requirements in the specifications that are applicable, contact the Engineering Standards Manual Electrical POC. Please contact POC with suggestions for improvement as well.
When assembling a specification package, include applicable specifications from all Divisions, especially Division 1, General requirements.
Specification developed for ML-4 projects.  For ML-1, 2, and 3 applications, additional requirements and independent reviews should be added if increased confidence in procurement or execution is desired; see ESM Chapter 1 Section Z10 Specifications and Quality Sections.
Seismic:  If the VFD isn’t exempt from seismic design per ASCE 7 paragraph 13.1.4 then, prior to attempting to edit this Section to be Project-specific, refer to Sections 26 0548.16, Seismic Controls for Electrical Systems, and 01 8734, Seismic Qualification of Nonstructural Components (IBC), as applicable.   
*************************************************************************************************************

PART 1 GENERAL

1.1 SECTION INCLUDES

A. Configured Variable-Frequency Drives (VFDs) for use with NEMA B design, squirrel-cage induction motors.
*************************************************************************************************************

Seismic: If the VFD is exempt from seismic design then delete both of the following subparagraphs.
· Otherwise, see the seismic-portion of the previous author note.

*************************************************************************************************************
1.2 RELATED SECTIONS

A. Section 01 8734, Seismic Qualification of Nonstructural Components (IBC), for requirements.

B. Section 26 0548.16, Seismic Controls for Electrical Systems, for [seismic-design criteria,] submittal requirements, devices for seismic restraint, and installation requirements for these devices.

1.3 SUBMITTALS

A. Submit the following in accordance with project submittal procedures.

B. Action submittals:
1. Catalog Data: Submit catalog data describing each type of VFD.  Include data substantiating that materials comply with specified requirements.  Provide catalog sheets showing voltage, controller size, ratings and size of switching and overcurrent protective devices, short circuit ratings, dimensions, and enclosure details.  
2. Calculations: 
Submit calculations showing de-rating and selection of each VFD for the specified altitude, ambient temperature, and carrier frequency.

Note:  Because the motor is already de-rated for altitude, the VFD is as well.  Additional de-rating may not be necessary.
*************************************************************************************************************

Edit the following article to match Project requirements.  If no field technician will be present for startup, delete paragraph 3.  If formal testing is not required, delete paragraph 7.
*************************************************************************************************************

3. Certification: Submit certification by manufacturer’s field technical representative that the Subcontractor has installed, adjusted, and tested each VFD according to the manufacturer’s recommendations.

4. Shop Drawings: Submit shop drawings for each VFD including dimensioned plans and elevations and component lists. Include front and side views of enclosure showing overall dimensions, enclosure type, enclosure finish, unit locations, and conduit entrances.

5. Installation Instructions: Indicate application conditions and limitations of use stipulated by Product testing agency specified under Regulatory Requirements. Include instructions for storage, handling, protection, examination, installation, and starting of Product.

6. Operation and Maintenance Instructions: Submit operation and maintenance instructions. 
7. Test Reports: Submit results of required factory tests.

C. Closeout Submittals:  Submit the following in accordance with Section 01 7839, Project record Documents:

1. Parameter Settings: For each VFD, provide a listing of all drive parameter settings that were changed from the manufacturer’s default settings.

2. Test reports and certifications indicated in FIELD QUALITY CONTROL section.  

1.4 CLOSEOUT SUBMITTALS, Con’T--EXTRA MATERIALS

A. Fuses: Furnish six spares of each size and type required.

*************************************************************************************************************

Edit the following article to match project requirements; use only for VFDs on life safety, safety systems, safety significant systems, or mission critical systems. Coordinate with the ES-EPD Process and Automation team. Delete if not applicable to the project.

*************************************************************************************************************

B. VFDs:  Provide one spare VFD to match the size and type required for each of the VFDs listed below:

1. ___________________________

2. ___________________________

3. ___________________________

1.5 QUALITY ASSURANCE

A. Referenced Standards and Guidelines:

1. Institute of Electrical and Electronic Engineers (IEEE)

a. IEEE 519, Guide for Harmonic Content and Control

2. Underwriter’s Laboratories (as appropriate)

a. UL 508

b. UL 508A

c. UL 508C

3. National Electrical Manufacturer’s Association (NEMA)

a. ISC 7.0, AC Adjustable Speed Drives
4. National Electrical Code (NEC)

a. NEC 430 Section X, Adjustable Speed Drive Systems

5. International Code Council 
a. Int’l Building Code chapters referencing ASCE 7-10 and ICC AC156 for seismic.
B. Provide products that are listed and labeled by a Nationally Recognized Testing Laboratory (NRTL).
C. Comply with the National Electrical Code (NEC) for installation requirements.

D. Comply with the applicable requirement of the latest NEMA ICS 3.1 – Safety Standards for Construction and Guide for Selection, Installation and Operation of Adjustable Speed Drive Systems, IEEE 519, and FCC Part 15 Subpart J.
E. If testing is specified, perform the following factory tests on each VFD:

1. Test every power converter (a component of the VFD) with an actual AC induction motor 100% loaded and temperature cycled to the full range of the VFD.  Monitor the power converter for correct phase current, phase voltages, and motor speed. Verify current limit operation by simulating a motor overload.
2. Test all VFD door mounted pilot devices to verify proper function. 
3. Functionally test all options. Verify proper setting of motor overload protection.

4. Test the VFD wiring for continuity, shorts, and unintended grounds with all enclosed devices mounted and wired. 

1.6 COORDINATION

A. Coordinate the features of each VFD with the ratings and characteristics of the supply circuit, the motor, the required control sequence, the duty cycle of the motor, drive, load, the pilot device, and control circuit affecting controller functions.  Furnish VFDs rated to suit the motor controlled in the specified conditions.

B. Coordinate the communications protocol with the building automation system; refer to Section 25 5000, Integrated Automated Facility Controls.

1.7 SERVICE CONDITIONS

A. VFDs shall perform satisfactorily in the following conditions without mechanical or electrical damage or degradation of operating characteristics:

1. Operating elevation of 7500 feet above sea level.

2. Operating ambient temperature extremes of 32 to 104 degrees F.

3. Operating relative humidity: 0 to 80 percent, without condensation.

*****************************************************************************************************

Edit the following article to match project requirements; use only for outdoor equipment.

*****************************************************************************************************

B. Maximum solar heat gain: 110 W/sq ft.

1.8 Receiving, Storing and Protecting

A. Receive, store, and protect, and handle products according to NECA 1—Standard Practices for Good Workmanship in Electrical Construction.

PART 2 PRODUCTS
*************************************************************************************************************

For VFDs that are not exempt from seismic, if Project Spec includes 26 0548.16, and if mounting and/or anchorage devices are to be used that differ from those specified in 26 0548.16, they must be described herein (in PART 2).

*************************************************************************************************************

2.9 PRODUCT OPTIONS AND SUBSTITUTIONS

A. Alternate products may be accepted; follow Section 01 2500, Substitution Procedures.
*************************************************************************************************************

Seismic: Delete Article 2.2 if VFD is exempt from seismic design.  

Otherwise retain the section and edit its content based on the following: 

- 
1st paragraph is for a VFD that doesn’t have to operate/function post seismic event

- 
2nd paragraph is for a VFD that must operate/ function after a seismic event (i.e., it’s a Designated Seismic System, or DSS).

· If paragraph applies, the “E” drawings for the VFD shall also state that the VFD is a Designated Seismic System 

If paragraph applies, edit it in accordance with content of 26 0548.16 and/or 01 8734.
*************************************************************************************************************

2.10 SEismic Performance requirements

A. The VFD shall remain in place without separation of any parts when subjected to the design basis earthquake [per Section 01 8734, Seismic Qualification of Nonstructural Components (IBC)] [as represented by the seismic forces derived from the criteria indicated [on the drawings] [in Section 26 0548.16, Seismic Controls for Electrical Systems]].

B. The VFD is a Designated Seismic System and, as such, it shall remain in place and be fully operational following the design basis earthquake [per Section 01 8734, Seismic Qualification of Nonstructural Components (IBC)] [as represented by the seismic forces derived from the criteria indicated [on the drawings] [in Section 26 0548.16, Seismic Controls for Electrical Systems]].

2.11 variable frequency Drive 
A. Provide UL508C listed and labeled configured Variable Frequency Drives) (VFDs) as indicated on the Drawings and specified in this Section. Where required on approved construction documents, NEMA 1 enclosed VFDs shall be UL1995 listed for mounting in plenums and compartments handling environmental air.
*************************************************************************************************************

Edit the following article to match project requirements. 
*************************************************************************************************************

B. Each configured VFD shall be an integrated assembly with an externally operated disconnect device, transient voltage surge suppression, current-limiting fuses, line input reactor, power converter, cooling fans, operator interface, control system interface, control power transformer, and a suitable enclosure.  
C. Provide fusible switch type externally operable disconnect.  Disconnect handle shall have provisions for locking in the OFF position.  Mechanical interlocks shall prevent opening the enclosure door with disconnect in the ON position and shall prevent moving disconnect to the ON position with enclosure door open, unless an interlock defeat mechanism is provided for use by qualified persons
D. The manufacturer’s instructions shall include a designated capacitor discharge wait time, or procedure, before opening cover.

E. The VFD shall have a test point for the DC link such that zero voltage may be confirmed with the use of a voltmeter

F. Provide current-limiting drive branch circuit fuses in the disconnect switch.  Select fuses to protect the input rectification circuit.  Use Class J fuses with interrupting rating of 200,000 AIC.  The series interrupting rating of the VFD and fuses shall be a minimum of 30,000 AIC, or as shown on drawings, and shall be stated in the VFD Instruction Manual as required by UL

G. Provide a three phase 3% minimum impedance input line reactor in the VFD cabinet to minimize drive harmonics on the AC line and protect the drive from damaging electrical system transients.  Provide additional input filtering as required to limit line current total harmonic distortion (THD) to less than 10 percent.
H. Provide power converter that is microprocessor based using insulated gate bipolar transistors and pulse width modulation (PWM) technology and is suitable for low-noise operation of adjustable torque loads such as centrifugal pumps and fans. 
1. Input voltage shall be either 200-230 or 380-480 VAC, as indicated on the drawings.
a. Power converter shall be able to withstand voltage variations of -15 percent to +10 percent and imbalance of 3 percent without tripping or affecting drive performance.
b. Power converter shall operate with input frequency of 60 Hz and shall withstand a frequency variation of +5 percent to -5 percent.
c. Power converter power factor shall be not less than 0.95 lagging under any speed or load condition.

d. The efficiency of the power converter shall be not less than 96 percent at full speed and full load.

e. Line notches, transients, and harmonics on incoming line shall not affect power converter performance.

f. Power converter shall include provisions for a DC link inductor.  Power converters 100 HP and above shall be supplied with DC link inductor in addition to the input line reactor.
2. Power converter output shall be capable of continuously operating the connected variable torque motor load over the complete speed range at an elevation of 7500 feet in an ambient temperature of +40 degrees C operating at the specified carrier frequency.
a. Power converter output voltage shall vary with frequency to maintain a constant volts/hertz ratio up to 60 Hz output.  Constant or linear voltage output shall be provided above 60 Hz.
b. Power converter rated output voltage shall be programmable to match motor nameplate voltage.

c. The power converter one-minute overload rating shall be not less than 120 percent of rated current, adjusted for altitude.

d. The power converter shall be able to operate with its output disconnected for troubleshooting and startup.

e. PWM carrier frequency shall be field adjustable with a minimum range of 2 kHz to 6 kHz to minimize the level of audible motor noise.
f. Motor acceleration and deceleration shall be programmable from one second to not less than 60 seconds.
g. For fan service, provide controller with not less than 3 programmable critical frequencies that can be skipped to avoid mechanical resonances.
h. Power converter shall not generate damaging voltage pulses at the motor terminals when located within 200 feet of the motor.  Power converter shall comply with NEMA MG1 section 30.40.4.2.

3. Supply the power converter with interface modules as required to provide the following control functions and external signals:

*************************************************************************************************************

Edit the following article to match project requirements. Select the protocol that will be compatible with the building automation system or process control system. Coordinate with Section 25 5000 and the LANL ES-EPD Process and Automation Team.
*************************************************************************************************************

a. Automatic control using [ModBus RTU compatible] [ANSI/ASHRAE Standard 135, ISO 16484-5 approved BACnet compatible] network protocol over an RS-485 communications system from the building automation system.  This comm port shall provide direct communication between the drive microprocessor and the building automation system.  All configuration and control functions shall be accessible through this port and fault diagnostics, start/stop, speed commands, and all drive feedback variables shall be available.  Discrete signals such as Bypass Run or Interlock Open shall also be mapped through the drive terminal strip to the system for unitary control.  The communications port shall have the ability to be used in a "monitor only" mode where control shall be from a digital controller directly wired to the drive.
b. Six configurable digital inputs, factory pre-set for common HVAC control interface to minimize customization at start up.

*************************************************************************************************************

Edit the following article to match project requirements. Coordinate with the ES-EPD Process and Automation Team.
*************************************************************************************************************

c. Two isolated analog inputs with 0-20 mA, 4-20 mA or   0-10 V selectable parameters.  Both shall be capable of providing speed feedback for internal PI setpoint control loop.  Either may be mapped to communication port for unitary control of temperature, pressure, or other analog control functions.

d. Isolated 0-10 V, or 4-20mA output signal proportional to speed or load as required to interface with control system.
e. Not less than two sets of NEMA ICS 2, field-convertible auxiliary contacts to signal the following conditions:

1) Drive run.

2) Drive fault.

4. Provide the power converter with the following protective features:

a. Class 10 or 20 electronic overload circuit designed to protect AC motor operated by the VFD output from extended overload operation.  No additional hardware such as motor overload relays or motor thermostats shall be required.
b. Output phase-to-phase short circuit protection. 

c. Output ground fault protection. 

d. High input line voltage. 

e. Low input line voltage. 

f. Loss of input or output phase. 

g. Drive overcurrent.

h. Drive over-temperature.

i. Stall protection.

j. Transient voltage surge suppression up to 6000 volts peak per IEEE C62.41.

I. The VFD shall have the capability of riding though power dips up to 10 seconds without a controller trip depending on load and operating condition. The VFD shall automatically restart after a longer power interruption.

J. Provide the following operator interfaces mounted on the cover of the unit:

1. Touch keypad and LCD screen that digitally indicates:
a. Frequency output

b. Voltage output

c. Current output

d. Motor RPM

e. Elapsed Time

f. Time Stamped Fault Indication

g. DC Bus Volts

h. Faults

i. PI running, PI setpoint

j. Parameter settings

2. Heavy duty, 22 mm or 30 mm, metal operator, oil-tight pilot devices as listed below with NEMA ICS 2, Form Z, A600 rated contacts:

a. Push buttons: Mushroom head, maintained action, turn-to-release emergency STOP pushbutton.

b. Push-to-test LED type indicating lights: 

3) White POWER ON pilot light.

4) Yellow FAULT pilot light.

5) Red RUNNING pilot light.

6) Green STOPPED pilot light.

c. Speed Control Selector Switch: Rotary type LOCAL - OFF - REMOTE.

3. Provide legend plates for pushbuttons, pilot lights, potentiometer, and selector switch.

K. Provide labeled terminal block connections for safety interlocks, fault contacts, normal operational functions such as run/stop, remote references, mode control, external emergency stop, and external emergency full-speed.
L. Provide a control power transformer in each enclosed VFD.  The transformer shall have sufficient capacity to operate all connected cooling fans, pilot, indicating and control devices, plus 100 percent spare capacity.  Provide fused primary and secondary.  Bond un-fused leg of secondary to enclosure.  Provide fuse blown indicating fuses.

M. Provide auxiliary control relays where required to accomplish interlocks and control sequences.  
N. Provide the VFD with cooling air fan(s) and/or heat sink construction as required for maintaining the temperature of components within operating limits.  Provide filtration for cooling air as required for the installation and operating environment.

O. Provide VFD enclosure in accordance with ANSI/NEMA ICS 6 - Enclosures for Industrial Controls and Systems as required to meet conditions of installation and operation.

P. VFDs shall meet the radio frequency energy emission limits of FCC Part Class A and IEC 61800-3 – EMC Product Standard for Power Drive Systems emission limits for Restricted Distribution and installation in the First Environment.  Installation manual shall include instructions for installing the drive equipment so that it meets the specified emission limits as installed.

Q. Manufacturer: Allen-Bradley “1336 Plus II”, ABB “ACH 550,” or “ACS 550”.
PART 3 EXECUTION

*************************************************************************************************************

For a VFD that is not exempt from seismic, if Project Spec includes 26 0548.16, and if requirements associated with installation, testing, and inspection of mounting and/or anchorage devices differ from those requirements in 26 0548.16, they must be described herein (in PART 3).  Also, if this is applicable, identify special types of seismic-control devices required for each application using the same terminology used for those devices in PART 2.
*************************************************************************************************************


3.12 EXISTING WORK

*************************************************************************************************************

Delete this article when existing construction is not affected.

*************************************************************************************************************

A. Maintain access to existing VFDs and other installations that are to remain active and to require access. Modify installation or provide access panel.

B. Clean and repair existing VFDs, within the scope of the project, that are to remain or be reinstalled.

3.13 EXAMINATION

A. Examine surfaces to receive control equipment for compliance with installation tolerances and other conditions affecting performance of the control system.  Do not proceed with installation until unsatisfactory conditions have been corrected.

3.14 INSTALLATION

A. Install VFDs indicated on the Drawings and according to manufacturer's instructions.  Manufacturer’s installation instructions shall be available at the construction site.
B. Mount with digital display panel 5 feet above floor, or as indicated on the Drawings.

C. Provide supports per Section 26 0529, Hangers and Supports for Electrical Systems [and Section 26 0548.16, Seismic Controls for Electrical Equipment].
D. Ground and bond motor controllers and control devices per Section 26 0526, Grounding and Bonding for Electrical Systems.
E. Identify motor controllers and install warning signs per Section 26 0553, Identification for Electrical Systems.

F. Tighten electrical connectors and terminals according to manufacturers published torque‑tightening values. Where manufacturer's torque values are not furnished, use those specified in UL Standard 486A-486B.

G. Set overload parameters to match installed motor characteristics.

H. Provide neatly typed label inside each motor starter enclosure door identifying motor supplied, nameplate horsepower, full load amperes, code letter, service factor, and voltage/phase rating.  Place label in clear plastic holder.

I. Install flexible connections to VFDs where shown on drawings.
3.15 FIELD QUALITY CONTROL

A. Clean, inspect, test, adjust, and energize VFDs in accordance with the manufacturer’s instructions.

1. Inspect each VFD for physical damage, proper alignment, and proper anchorage.

2. Configure VFD parameters to match requirements of the supplied system.

3. Keep records of inspections, tests, configurations, and adjustments for each VFD; submit them to the LANL STR.

*****************************************************************************************************

Edit the following article to match project requirements. Delete if formal electrical acceptance testing is not required; refer to LANL Master Specification Section 26 0813.

In very few cases will the VFD installation requires the services of a manufacturer’s representative.  Delete article 3.5 if not needed.

*****************************************************************************************************

B. Coordinate inspections and tests with those required by Section 26 0813, Electrical Acceptance Testing.

C. After completing installation, cleaning, and testing, touch-up scratches and mars on finish to match original finish.

3.16 MANUFACTURER'S FIELD SERVICE
A. Provide the services of a factory trained representative from the VFD manufacturer to inspect and certify the installation and to oversee energizing and testing.

B. Manufacturer’s representative shall certify in writing that each VFD has been installed, adjusted, and tested in accordance with the manufacturer’s recommendations.

C. Provide one full work day of training for up to three owner’s representatives at the project site.  A manufacturer’s qualified representative shall conduct training session.  The training program shall consist of instruction on the operation and maintenance of the VFD.
END OF SECTION

*********************************************************

Do not delete the following reference information.

*********************************************************
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