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PART 1 - GENERAL REQUIREMENTS 

1.01 SUMMARY 

A. Variable speed drives shall be furnished for those units so indicated on the 
drawings. All variable speed drives provided under this section shall be by the same 
manufacturer.  

B. Type of variable speed drive specified in this Section include the following:  

1. Pulse Width Modulated 

1.02 QUALITY ASSURANCE 

A. Testing:  The variable speed drive, all components and subassemblies shall be 
factory tested.  The variable speed drive shall be tested and cycled under motor 
load.  

B. Reliability:  A complete description of supplier's Quality Assurance and Testing 
program shall be provided. 

1. Component Testing:  All power semiconductors and integrated circuits shall 
be 100% tested. 

2. Computerized ATE Testing:  Computerized Automated Testing Equipment 
(ATE) testing shall be used to evaluate functional performance of printed 
circuit boards.  Printed circuit boards shall receive a thermal stress test 
where temperatures are cycled between 0 C and 65 C and receive electrical 
power-on and power-off cycle tests. 

3. Burn In:  All VFD's shall be tested/run in the equivalent of a NEMA 1 or 
NEMA 3R enclosure and burned in at rated ambient (40 C) with a fully 
loaded motor. 

1.03 CODES AND STANDARDS:   

A. The VFD shall meet the following standards. 

1. Institute of Electrical and Electronic Engineers (IEEE) 

a) Standard 519-2014 IEEE Recommended Practice and Requirements 
for Harmonic Control in Electric Power Systems 

2. Nationally recognized testing lab such as UL or ETL 

a) UL 508C (Variable frequency drive) 
b) UL 508A (Bypass) 

3. NEMA  ICS 7.0, AC Adjustable Speed Drives 
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1.04 SUBMITTALS  

A. General:  Submit the following in accordance with Conditions of Contract and 
Division 1 Specification Sections. 

1. Product Data:  Submit manufacturer's technical product data for variable 
speed drive including dimensions, capacities, component performance data, 
ratings, features, motor electrical characteristics, over current protection 
rating, gages and finishes of material, and installation instructions.  

2. Shop Drawings:  Submit assembly-type shop drawings including unit 
dimensions, required clearances, control description, construction details, 
and field connection details.  

3. Wiring Diagrams:  Submit manufacturer's electrical requirements for power 
supply wiring to variable speed drives. Submit manufacturer's ladder-type 
wiring diagrams for interlock and control wiring.  Clearly differentiate 
between portions of wiring that are factory-installed and portions to be 
field-installed.  

4. Maintenance Data:  Submit maintenance instructions, including instructions 
for adjustments, troubleshooting, operation, testing and spare parts lists.  
Include this data, product data, shop drawings, and wiring diagrams in 
maintenance manuals; in accordance with requirements of Division 1 and 
Division 23  

5. Harmonic Analysis Report:  Provide project-specific calculations and 
 

1.05 WARRANTY 

A. Provide warranty including on site parts and labor for minimum 36 months from 
date of shipment. 

PART 2 - PRODUCTS AND MATERIALS 

2.01 GENERAL:  

A. Provide factory assembled and factory tested variable speed drives as indicated, of 
sizes and capabilities as scheduled, and as specified herein.  

2.02 MANUFACTURERS: 

A. Subject to compliance with requirements, manufacturers offering variable speed 
drives which may be incorporated in the work are limited to the following:  

1. ABB. 
2. Danfoss. 
3. Delta Controls 
4. Eaton/Cutler-Hammer. 
5. Franklin Control Systems. 
6. Invertek. 
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7. Square D, a division of Schneider Electric. 
8. Yaskawa Electric America. 

2.03 VARIABLE FREQUENCY DRIVES 

A. The VFD shall provide the following design features as standard: 

1. Input Section:  Full wave rectification shall be achieved with input diodes 
in a conventional bridge configuration and shall be used to supply voltage 
to the DC bus.  Drive shall be provided with dual DC bus chokes or AC line 
reactors, as required, for a total input impedance of 5% or better. 

2. Output Section:  The inverter shall use power transistors to provide three 
phase output power to the motor. 

3. Input Displacement Power Factor:  The input displacement power factor 
shall be 0.97 or higher at all operating speeds and loads. 

4. Microprocessor Logic:  The VFD shall be microprocessor based and utilize 
digital input for all parameter adjustments.  Use of potentiometers for 
parameter adjustment is not acceptable. 

5. Auto Restart:  The VFD shall automatically attempt to restart after a 
malfunction or an interruption of power.  The number of attempted restarts 
shall be customer selectable (0 to 5).  If the drive reaches the limit of restarts 
without successfully restarting and running for a customer selectable length 
of time (60 to 600 seconds), the restart circuit shall lockout and shall provide 
contact annunciation.  Delay between attempts to restart shall be customer 
selectable from 3 to 300 seconds. 

6. Current Limit:  A current limit circuit shall be provided to limit motor 
current to a preset adjustable maximum level by reducing the drive 
operating speed or acceleration rate when the limit is reached.  Range of 
adjustment shall be from 50 to 110%. 

7. Digital Output Displays and Input Parameter Programming:  The VFD shall 
include a digital display and digital input programming capability on the 
main logic board.  The display shall be programmable for indication of 
output speed in rpm, frequency, and percent of base speed, motor amps, 
output motor volts, and output load.  The display shall also function as a 
first fault indicator. 

8. Critical Frequency Avoidance (Frequency Jump Points):  The VFD shall 
provide selectable frequency jump points to be used to avoid critical 
resonance frequencies of the mechanical system. 

9. Input Signal Follower:  The input signal follower circuit shall have 
selectable differential inputs and accept an electrical speed command from 
an external source rated at 4-20 mA or 0-10Vdc.  The input follower circuit 
shall be capable of operating directly or inversely proportional to the listed 
speed commands. 

10. Motor Overload Protection:  Electronic motor protection shall be provided 
which is capable of predicting motor winding temperature based on 
inputting specific parameters including motor design type (TEFC, ODP, or 
other) and speed range.  The protection shall provide an orderly shutdown 
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should the motor's thermal capabilities be exceeded.  This protection also 
eliminates the requirement for motor overload relays on single motor 
applications when a bypass is not used. 

11. Open Collector Outputs:  The VFD shall include three (3) open collector 
outputs to indicate drive run, drive fault, and drive ready. 

12. Output Signals:  The VFD shall include analog output signals for output 
load, output speed, instantaneous kw and motor voltage.  The signals shall 
be 4-20 ma or 0-10 Vdc @ 1 mA. 

13. Stop Mode Functions:  The VFD stopping mode functions shall be 
selectable for coast-to-rest or stopping at programmed deceleration rate. 

14. V/Hz Profiles:  The VFD shall provide selectable V/Hz profiles. 
15. Loss of Control Signal:  The VFD shall revert to the last speed on loss of 

input control signal.  Owner shall be able to field select a preset speed for 
the VFD to run when control signal is lost, if preferred.  In either case, an 
open collector output shall be selected to indicate loss of control signal for 
remote indication purposes. 

B. The VFD supplier shall provide the same design/technology to cover the HP range 
for all VFD's. 

C. Output Ratings:  The VFD shall operate within the following ratings: 

1. Frequency range:  1-120 Hz 
2. Overload rating:  110% for one minute 

D. Motor Performance:  The VFD shall provide 3% speed regulation. 

E. Input Power:  The VFD shall operate within (+5%/-10%) of the nominal rated 
voltage. 

F. Set-up Adjustments:  Standard setup adjustments shall include: 

1. Minimum speed:  0 to 100% 
2. Maximum speed:  0 to 100% 
3. Linear accel:  0.5 to 600 seconds 
4. Linear decel:  0.5 to 600 seconds 
5. Maximum output voltage:  Adjustable 
6. V/Hz:  Adjustable with selectable profiles 
7. Current limit:  50 to 110% 

G. Environmental Ratings:  The VFD shall operate within the following parameters 
without the requirement for derating: 

1. Operating temperature:  0 C to 40 C 
2. Altitude:  Up to 1000m (3300 ft.) 
3. Humidity:  95% non-condensing 
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H. Enclosure:  Refer to VFD schedule or drawings for enclosure type.  At minimum, 
the enclosure shall be suitable for environment installed.    Finned heatsinks and/or 
cooling fans shall be provided as necessary for proper heat dissipation. 

I. Protective Features:  The VFD shall be designed to meet the following 
specifications and operate within the following parameters: 

1. AC Input Overcurrent Protection:  The VFD's power circuit shall be isolated 
internally with respect to ground and provided with a 100,000 AIC 
interrupting rated input circuit breaker.  As an alternate to the circuit 
breaker, fuses may be used to accomplish the 100,000 A interrupting rating. 

2. Logic Common:  The power unit's logic common shall be at ground 
potential. 

3. Phase Loss Protection:  Phase loss protection shall be provided to prevent 
single phasing. 

4. Power Loss Ride-Through:  The VFD shall be capable of continued 
operation during an intermittent loss of power.  Opening of the VFD's input 
and/or output line switches while operating shall not result in damage to the 
power circuit components. 

5. Short Circuit and Ground Fault Protection:  The VFD shall have an 
instantaneous electronic trip circuit to protect the VFD from output line-to-
line and line-to-ground short circuits.  The VFD must be capable of 
withstanding short circuits at nominal rated voltage plus 10%(i.e., 480V 
rated drive + 10% = 528V short circuit voltage).  The VFD shall be capable 
of providing 110% motor current intermittently.  The VFD shall include an 
instantaneous overcurrent trip and shall not restart after electronic 
overcurrent trip until reset through the run/stop circuit, or unless the auto 
restart function has been enabled. 

6. Transient and Surge Voltage Protection:  Transient and surge voltage 
protection shall be provided through the use of Metal Oxide Varistors 
(MOVs).  The VFD shall withstand a 6000 volt, 80 joule surge voltage when 
tested in accordance with UL 1449 with the test circuit adjusted for a 2100 
amp peak 8x20 us short circuit discharge current pulse. 

7. Rotating Motor Start:  The VFD shall be able to start into a motor rotating 
in either direction and at any speed, and accelerate to set speed without any 
time delay, tripping or component loss. 

8. DV/DT Filters:  Dv/dt filters shall be provided per the VFD schedule, or if 
recommended by the VFD manufacturer to ensure that the VFD is applied 

 

J. Maintainability 

1. All control circuit voltages (12VAC, 24VDC, 160VDC and 120VAC) shall 
be physically and electrically isolated from power circuit voltages (200 to 
600VAC, 600VDC) to ensure safety to maintenance personnel. 

2. The VFD shall be furnished with an alphanumeric diagnostic display with 
fault indications to include the following:  bus overvoltage, bus 
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undervoltage, overcurrent, overtemperature, ground fault, and timed 
overload. 

3. VFD shall be capable of starting and operating without a motor connected 
for ease of service. 

4. All setup and operating parameters shall be stored in nonvolatile memory.  
The static memory module shall be to be removed and installed in 
replacement logic boards with all setup and operating parameters intact 
requiring no adjustment of replacement boards. 

K. Communications 

1. The VFD shall have an RS-485 port as standard.  The standard protocols 
shall be BACnet, Modbus, Johnson Controls N2 bus, and Siemens Building 
Technologies FLN.  Optional protocols for LonWorks, Profibus, Ethernet, 
and DeviceNet shall be available.  Each individual drive shall have the 
protocol in the base VFD.  The use of third party gateways and multiplexers 
is not acceptable.  
authority.  Use of non-certified protocols is not allowed. 

2. Serial communication capabilities shall include, but not be limited to; run-
stop control, speed set adjustment, proportional/integral/derivative PID 
control adjustments, current limit, accel/decel time adjustments, and lock 
and unlock the keypad.  The drive shall have the capability of allowing the 
building management system to monitor feedback such as process variable 
feedback, output speed / frequency, current (in amps), % torque, power 
(kW), kilowatt hours (resettable), operating hours (resettable), and drive 
temperature.  The building management system shall also be capable of 
monitoring the VFD relay output status, digital input status, and all analog 
input and analog output values. All diagnostic warning and fault 
information shall be transmitted over the serial communications 
bus.  Remote VFD fault reset shall be possible.  The following additional 
status indications and settings shall be transmitted over the serial 
communications bus  
the ability to change the PID setpoint, and the ability to force the unit to 
bypass (if bypass is specified).  The building management system shall also 
be able to monitor if the motor is running in the VFD mode or bypass mode 
(if bypass is specified) over serial communications.  A minimum of 15 field 
parameters shall be capable of being monitored.   

3. The VFD shall allow the building management system 
digital and analog outputs via the serial interface.  This control shall be 
independent of any VFD function.  For example, the analog outputs may be 
used for modulating chilled water valves or cooling tower bypass 
valves.  
open a valve or control any other device that requires a maintained contact 
for operation.  
be capable of being monitored by the building management system.   

4. The VFD shall include an independent PID loop for customer use.  The 
independent PID loop may be used for cooling tower bypass value control, 
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chilled water value control, etc.  Both the VFD control PID loop and the 
independent PID loop shall continue functioning even if the serial 
communications connection is lost.  The VFD shall keep the last good set-
point command and last good DO & AO commands in memory in the event 
the serial communications connection is lost. 

L. Required Optional Features 

1. Operator Panel:  A door-mounted Softouch Operator Panel shall be included 
with the following features: 

a) Shall digitally display motor speed, load, amps, and output volts. 
(and controller setpoint and system pressure when setpoint 
controller is included). 

b) Shall have indication for  drive run, drive ready, drive fault, plus 
operator function/status indication such as auto speed reference, and 
auto restart. 

c) Shall provide selection for Hand/Off/Auto control.  In Hand mode, 
the VFD shall be started and stopped from the  panel.  In 
the Auto mode, the VFD shall be started and stopped by remote 
contact closure.  In the Off mode, the VFD shall be locked out. 

d) Shall provide selection for Manual/Auto Speed Reference.  In the 
Manual Reference mode, the VFD speed reference shall be set from 
the  panel.  In the Auto Reference mode, the VFD speed 
reference shall be set by the external source instrument signal.  
Selecting between Manual and Auto speed reference shall have no 
bearing on the Hand/Off/Auto start/stop selector, or vice versa. 

e) Shall name all parameters in English, not codes or numbers.   
f) Keypad shall include electronic lock-out feature to prevent 

unauthorized personnel from parameter access. 
g) Shall store from three to six drive faults in a history batch file in the 

order they occur to simplify trouble-shooting.  This file will 
automatically be updated should new faults occur. 

2. Input Overcurrent Protection Device:  The operating mechanism shall be 
designed so that the door can be padlocked in the "OFF" position. 

3. Elapsed Time Meter:   Meter shall provide indication of how long the drive 
has been running. 

4. Firestat/Freezestat:  VFDs for air system fans requiring shutoff from safety 
devices per sequences of operation shall provide terminals for connecting 
normally closed remote safety devices.  This emergency shutdown shall 
operate in any mode of operation. 
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PART 3 - EXECUTION  

3.01 INSPECTION 

A. Examine areas and conditions under which variable speed drive is to be installed.  
Do not proceed with work until unsatisfactory conditions have been corrected in 
manner acceptable to installer. 

3.02 INSTALLATION 

A. General:  Install systems and materials in accordance with manufacturer's 
instruction. 

B. Maintain minimum clearance of 12 inches on each side and 36 inches in front of 
the variable speed drive. 

C. Install variable speed drive in the vertical position. 

D. Provide separate conduits for input and output power cables. 

E. Provide separate conduits for control cables and the output cables to the motor. 

F. Install power and control cabling in separate conduits.   

G. Provide dedicated conduits for power cables to the motors. 

H. Load Side Disconnects:  Provide a disconnect switch on the load side of the VFD 
near the motor for ease of service and safety.  Disconnect switch shall be lockable 
in the open position when the VFD is not within sight of the motor.  Operating the 
switch with the VFD running shall not cause any component failure.  In dual motor 
applications, VFD shall be able to operate either motor with the other motor 
disconnected without requiring jumpers, parameter modifications, or other 
adjustments.  As part of start-up, VFD supplier shall certify all load side disconnects 
can be opened or closed with drive running at full speed without damage to the 
drive. 

1. When a separate disconnect is provided at the motor, provide auxiliary contact in the 
disconnect switch that will shut down the variable speed drive when the disconnect 
switch is turned off. 

3.03 START UP  

A. All units shall be started up at the jobsite by a factory trained and authorized 
representative. 

3.04 TRAINING 

A. General:  At a time mutually agreed upon between the Owner and Contractor, 
provide the services of a factory trained and authorized representative to train 
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Owner's designated personnel for a minimum of four hours on the operation and 
maintenance of the equipment provided under this section. 

B. Content:  Training shall include but not be limited to: 

1. Overview of the system and/or equipment as it relates to the facility as a 
whole. 

2. Operation and maintenance procedures and schedules related to startup and 
shutdown, troubleshooting, servicing, preventive maintenance and 
appropriate operator intervention. 

3. Review data included in the operation and maintenance manuals.  Refer to 
Division 1 Section "Operating and Maintenance Data." 

C. Certification:  Contractor shall submit to the Engineer a certification letter written 
designated representative has been 

trained as specified herein.  Letter shall include date, time, attendees and subject of 

representative indicating agreement that the training has been provided.  Copies of 
the startup report shall be attached to the certification letter. 

D. Schedule:  Schedule training with Owner with at least 14 days' advance notice. 

END OF SECTION  
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