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SECTION 23 09 69

VARIABLE-FREQUENCY CONTROLLERS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 1 Specification Sections, apply to this Section.

1.2 SUMMARY

A. This Section includes solid-state, PWM, VFCs for speed control of three-phase motors.

1.3 DEFINITIONS

A. BMS: Building management system.

B. IGBT: Integrated gate bipolar transistor.

C. LAN: Local area network.

D. PID: Control action, proportional plus integral plus derivative.

E. PWM: Pulse-width modulated.

F. VFC: Variable frequency controller.

1.4 SUBMITTALS

A. Product Data: For each type of VFC, provide dimensions; mounting arrangements; location for 
conduit entries; shipping and operating weights; and manufacturer's technical data on features, 
performance, electrical ratings, characteristics, and finishes.

B. Shop Drawings (for each VFC):

1. Include dimensioned plans, elevations, sections, and details, including required 
clearances and service space around equipment. Show tabulations of installed devices, 
equipment features, and ratings. Include the following:
a. Each installed unit's type and details.
b. Nameplate legends.
c. Short-circuit current ratings of integrated unit.
d. UL listing for series rating of overcurrent protective devices in combination 

controllers.
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2. Wiring Diagrams: Power, signal, and control wiring for VFC. Provide schematic wiring 
diagram for each type of VFC.

C. Qualification Data: For testing agency and manufacturer.

D. Field Test Reports: Written reports specified in Part 3.

E. Manufacturer's field service report.

F. Operation and Maintenance Data: For VFCs, all installed devices, and components to include in 
emergency, operation, and maintenance manuals. In addition to items specified in Division 1 
Section " Operation and Maintenance Data," include the following:

1. Routine maintenance requirements for VFCs and all installed components.
2. Manufacturer's written instructions for testing and adjusting overcurrent protective 

devices.

G. Load-Current and Overload-Relay Heater List: Compile after motors have been installed and 
arrange to demonstrate that selection of heaters suits actual motor nameplate full-load currents.

H. Load-Current and List of Settings of Adjustable Overload Relays: Compile after motors have 
been installed and arrange to demonstrate that dip switch settings for motor running overload 
protection suit actual motor to be protected.

1.5 QUALITY ASSURANCE

A. Manufacturer Qualifications: Maintain, within 100 miles of Project site, a service center capable 
of providing training, parts, and emergency maintenance and repairs.

B. Testing Agency Qualifications: An independent testing agency, acceptable to authorities having 
jurisdiction, with the experience and capability to conduct the testing indicated, as documented 
according to ASTM E 548.

C. Source Limitations: Obtain VFCs of a single type through one source from a single 
manufacturer.

D. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, 
Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for 
intended use.

E. Comply with NFPA 70.

1.6 DELIVERY, STORAGE, AND HANDLING

A. Store VFCs indoors in clean, dry space with uniform temperature to prevent condensation. 
Protect VFCs from exposure to dirt, fumes, water, corrosive substances, and physical damage.
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1.7 COORDINATION

A. Coordinate layout and installation of VFCs with other construction including conduit, piping, 
equipment, and adjacent surfaces. Maintain required workspace clearances and required 
clearances for equipment access doors and panels.

B. Coordinate features of VFCs, installed units, and accessory devices with pilot devices and 
control circuits to which they connect.

C. Coordinate features, accessories, and functions of each VFC and each installed unit with ratings 
and characteristics of supply circuit, motor, required control sequence, and duty cycle of motor 
and load.

1.8 EXTRA MATERIALS

A. Furnish extra materials described below that match products installed and that are packaged 
with protective covering for storage and identified with labels describing contents:

1. Spare Fuses: Furnish one spare for every five installed, but not less than one set of three 
of each type and rating

2. Indicating Lights: Two of each type installed.

PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. Available Manufacturers: Subject to compliance with requirements, manufacturers offering 
products that may be incorporated into the Work include, but are not limited to, the following:

B. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following:

1. ABB Power Distribution, Inc.; ABB Control, Inc. Subsidiary.
2. Yaskawa, Inc.
3. Danfoss

2.2 VARIABLE FREQUENCY CONTROLLERS

A. Microprocessor based Bypass Controller - Manual or automatic (selectable) transfer to line 
power via contactors. A keypad to control the bypass controller is to be mounted on the 
enclosure door. The bypass keypad shall include a one line diagram and status LEDs to indicate 
the mode of operation and “External Fault” conditions. When in the “Normal” mode, the bypass 
contactor is open and the drive output contactor is closed. In the “Test” position, both contactors 
are open, in the “Bypass” position, the drive output contactor is open, and the bypass contactor 
is closed. Start/stop via customer supplied maintained contact shall be 24V or 115V compatible 
and shall function in both the “Normal” and “Bypass” modes. The voltage tolerance of the 
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bypass power supply shall be ± 35% to eliminate the problem of contactor coil burnout. The 
design shall include single-phase protection in both the AFD and bypass modes.

B. Customer Interlock Terminal Strip – provide a separate terminal strip for connection of freeze, 
fire, smoke contacts, and external start command. Include fireman’s override and damper 
control circuit as standard. All external safety interlocks shall remain fully functional whether 
the system is in Hand, Auto, or Bypass modes.

C. Automatic bypass operation shall be selectable in the standard microprocessor based bypass 
design.

D. Door / cover interlocked circuit breaker disconnect switch which will disconnect all input power 
from the drive and all internally mounted options. The disconnect handle shall be through the 
door, and be padlockable in the “Off” position.

E. Fast acting semi-conductor fuses exclusive to the AFD – fast acting semi-conductor fuses allow 
the AFD 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 AFD and the bypass will not be accepted. In such designs, a fuse 
clearing failure would render the bypass unusable.

F. Class 10 or 20 (selectable) electronic motor overload protection shall be included in the 
microprocessor bypass to protect the motor in bypass mode.

G. 3% DC line reactor

H. Input AC Line Reactor

I. The following operating information displays shall be standard on the AFD digital display. All 
applicable operating values shall be capable of being displayed in engineering (user) units. A 
minimum of two operating values from the list below shall be capable of being displayed at all 
times. The display shall be in complete English words (alpha-numeric codes are not acceptable):

1. Output Frequency
2. Motor Speed (RPM, %, or Engineering units)
3. Motor Current
4. Calculated Motor Torque
5. Calculated Motor Power (kW)
6. DC Bus Voltag
7. Output Voltage
8. Heatsink Temperature (0F)
9. Analog Input Values
10. Analog Output Value
11. Keypad Reference Values
12. Elapsed Time Meter (resettable)
13. kWh meter (resettable)
14. mWh meter
15. Digital input status
16. Digital output status
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J. Communications: Provide an ethernet interface allowing VFC to be used with an external 
system within a multidrop LAN configuration. Interface shall allow all parameter settings of 
VFC to be programmed via a BACNet IP BMS. Provide capability for VFC to retain these 
settings within the nonvolatile memory.

2.3 ENCLOSURES

A. Enclosure: NEMA 250 Type I, with hinged full front access.

2.4 FACTORY FINISHES

A. Finish: Manufacturer's standard paint applied to factory-assembled and -tested VFCs before 
shipping.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine areas, surfaces, and substrates to receive VFCs for compliance with requirements, 
installation tolerances, and other conditions affecting performance.

B. Examine roughing-in for conduit systems to verify actual locations of conduit connections 
before VFC installation.

C. Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 INSTALLATION

A. Anchor each VFC assembly to steel-channel sills arranged and sized according to 
manufacturer's written instructions. Attach by bolting. Level and grout sills flush with VFC 
mounting surface.

B. Controller Fuses: Install fuses in each fusible switch. Comply with requirements in Division 26 
Section "Fuses."

3.3 IDENTIFICATION

A. Identify VFCs, components, and control wiring according to Division 15 Section "Mechanical 
identification."

B. Operating Instructions: Frame printed operating instructions for VFCs, including control 
sequences and emergency procedures. Fabricate frame of finished metal, and cover instructions 
with clear acrylic plastic. Mount on front of VFC units.
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3.4 FIELD QUALITY CONTROL

A. Manufacturer's Field Service: Engage a factory-authorized service representative to inspect

B. field-assembled components and equipment installation, including pretesting and adjusting 
VFCs.

C. Test Reports: Prepare a written report to record the following:

1. Test procedures used.
2. Test results that comply with requirements.
3. Test results that do not comply with requirements and corrective action taken to achieve 

compliance with requirements.

3.5 STARTUP SERVICE

A. Engage a factory-authorized service representative to perform startup service.

B. Complete installation and startup checks according to manufacturer's written instructions.

3.6 CLEANING

A. Clean VFCs internally, on completion of installation, according to manufacturer's written 
instructions. Vacuum dirt and debris; do not use compressed air to assist in cleaning.

3.7 DEMONSTRATION

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to 
adjust, operate, and maintain VFCs.

END OF SECTION 23 09 69
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