
Section 15000
Variable Frequency Drives

PART 1-GENERAL

1.01 SECTION INCLUDES 

A. Variable Frequency Drive (VFD)

1.02 RELATED SECTIONS

A. Section 16195

1.03 REFERENCES

A.   NEMA250

B. EN 50178 (LVD)

C. EN 61800-3, EN 61000-4-2(-3,-4,-5-6)/A2, EN 61000-2-1, EN 60146-1-1/A1
D. IEEE 519

E. UL 508C (Power Conversion)

1.04 SUBMITTALS

A. Shop drawing shall include: Wiring diagrams, electrical schematics, front and side views of enclosures, overall dimensions, conduit entrance locations and requirements, nameplate legends, physical layout and enclosure details.

B. Product Data: Provide data sheets showing; voltage, ratings of customer use of switching and over-current protective devices, short circuit rating, and weights.

C. Manufacturer’s Installation Instructions and Technical Manuals: Indicate application conditions and limitations of use stipulated by product testing agency specified under regulatory requirements. Include instructions for storage, handling, protection, examination, preparation, installation, and starting of Adjustable Frequency Drive. Document the sequence of operation, cautions and warnings, trouble shooting procedures, spare parts lists and guidance.

1.05   
QUALIFICATIONS

A. Manufacturer must have minimum of 20 years of documented experience, specializing in variable frequency drives.
B. UL and ULc approval on all VFDs specified





1.06   
DELIVERY, STORAGE, AND HANDLING

A. Accept VFD on site in original packing. Inspect for damage.

B. Store in a clean, dry space. Maintain factory wrapping, or provide additional heavy canvas, or heavy plastic cover, to protect units from dirt, water, construction debris, and traffic.

C. Handle carefully, in accordance of manufacturer’s written instruction, to avoid damage to components, enclosure, and finish.

1.07   
WARRANTY

A. Provide VFD warranty, for 5 years from date of start up – P Drives for variable torque applications. Warranty shall include parts, and labor at factory for repair. Servicing technician on VFD does not need factory certification to preserve warranty. 

PART 2 – PRODUCTS

2.01 MANUFACTURERS

A. VFD shall be manufactured by Cerus Industrial.
2.02 RATINGS:

A. Input 380/415/440/460 VAC +/- 10%, 3 phase, 48-63 Hz or input 200/208/220/230 VAC +/- 10%, 3 phase, 48-63 Hz.

B. 
Output Frequency 0 to 120 Hz 
C. 
Environmental operating conditions: 0 to 40(C, 0 to 3300 feet above sea level,   less than 95% humidity, non-condensing.

D. Enclosure shall be UL Type 1.

E. Short Circuit Interrupting Rating shall be no less than 100,000A.
F. Starting Torque: 175% starting torque shall be available from .5 Hz to 60 Hz.

G. Must meet RFI requirements as specified by IEC STD EN 61000-2(-4)(2001) for variable frequency drives.
2.03 DESIGN

A. All VFD must be solid state, utilizing Space Vector PWM control for lower motor operating temperature and lower THD on the output.  The VFD package as specified herein shall be enclosed in a UL Type 1 enclosure, completely assembled and tested by the manufacturer.
B. All VFD shall include a digital display, and keypad, regardless of horsepower rating. The keypad is to be used for local control, for setting all parameters, and for stepping through the displays and menus.  The keypad shall be removable, capable of remote mounting, and shall have its own non-volatile memory.  The keypad shall allow for uploading and downloading of parameter settings as an aid for start-up of multiple VFD.

C. All VFD must have adjustable carrier frequency and up to 4 programmable V/Hz points.

D. All VFD must have BAS (Building Automation System) protocols such as Johnson Metasys N2, Modbus, and RS485 as standard and LonWorks, Profibus or BACnet as an option.
E. All VFD shall be selectable as in both Volts/Hertz or Sensorless Vector Control mode regardless of horsepower rating.
F. All VFD must have a motor preheat function to prevent moisture accumulation in an idle motor.
G. All VFD shall include two independent analog inputs as standard, 0 –10VDC and 4-20mA. Both analog inputs shall be utilized as speed references, or as PID inputs. The analog inputs shall be programmed as an individual reference at a time, or as a combined reference together. A second PID loop control shall be provided for control of external equipment.
H. All VFD shall include a minimum of 8 multi-function input terminals, capable of being programmed to a function on a change of state. These terminals shall provide up to 30 functions, including, but not limited to:

1. External Trip
2. Forward 
3. Reverse 
4. Three Wire Control

5. Multi-step Speed Selection

6. Interlock
7. Jog

8. Pre-excite/Motor Preheat

I. The VFD shall provide frequency setting resolution of 0.01 Hz when its Digital Reference is utilized below 100 Hz and 0.1 Hz over 100 Hz. The VFD shall provide frequency setting resolution of 0.03 Hz / 60 Hz when Analog Reference is utilized.
J. The VFD shall have the ability to automatically restart after an over-current, over-voltage, under-voltage, or loss of input signal protective trip. The number of restart attempts, trial time, and time between reset attempts shall be programmable. 

K. The VFD shall be capable of both Automatic and Manual Torque Boost function to overcome sudden fluctuation of the load.

L. The VFD shall be equipped with Auto-tuning feature for motor data analysis resulting in optimized motor performance.
M. The VFD shall be capable of starting into a rotating load (forward or reverse) and accelerate or decelerate to set-point without safety tripping or component damage (flying start).   The VFD shall also be capable of DC injection braking at start to stop a reverse spinning motor prior to ramp. 

N. The VFD shall be equipped with an automatic extended power loss ride-through circuit, which will utilize the inertia of the load to keep the drive powered. Minimum power loss ride-through shall be one-cycle, based on full load and no inertia.  Typical control power loss ride-through for a fan load shall be 2 seconds minimum.

O. All VFD shall have 1 analog output (0-10VDC) which can be programmed to function as one of the following: Output Frequency, Output Current, Output Voltage, DC Link Voltage. Default is set to Output Frequency. 
P. If the input reference (4-20mA or 0-10V) is lost, the VFD shall give the user the option of either (1) stopping and displaying a fault, (2) running at a programmable preset speed, or (3) hold the VFD speed based on the last good reference received.  The drive shall be programmable to signal this condition via a keypad warning, relay output and/or over the serial communication bus.  

Q. The customer terminal strip shall be isolated from the line and ground.

R. The drive shall employ current limit circuits to provide “trip-less” operation

S. The Maximum current limit shall be fixed at 150% (minimum, instantaneous) of the VFD normal duty current rating.

T. The overload rating of the drive shall be 120% of Rated Current for 1 Min., 150% of Rated Current for 0.5 sec. 
U. The VFD shall have 8 Step Speeds that are preprogrammed via Digital Input Terminals.

V. The VFD shall have standard Emergency Input and Jog Input Terminals.

W. The VFD shall provide from 0 to 6000 seconds of Acceleration and Deceleration time setting parameters. Up to 8 Acceleration and 8 Deceleration times shall be programmable. 

X. The VFD shall be optimized for various levels of carrier frequency programmable from 1 to 15 kHz (1 – 3 kHz above 40HP) to reduce motor noise and to provide high system efficiency.

Y. The VFD must have an option to operate multiple motors with single VFD and be able to turn on/off each motors independently as well as simultaneously.

Z. The VFD must have an Energy Saving function in auto and manual mode.
AA. The VFD must have Bi-directional "Speed search" capability.

AB. The VFD shall include provisions for multi-motor control as an option or as standard, enabling control of up to 4 motors.
AC. All VFD include the following programming adjustment capabilities:

1. Directional Lock selection to prevent the unexpected motor direction.

2. DC Injection start and stop frequency selection from Minimum output frequency to 60 Hz.

3. Three programmable critical frequency lockout ranges to prevent the VFD from operating the load continuously at an unstable speed.

4. Pre-magnetization selection for the motor to build up an adequate level of flux for enhanced starting torque or programmable Volts/Hertz points selection for flexible Variable and Constant load demand curve and fluctuation.

5. VFD Voltage-output to motor adjustment feature enabling the VFD to generate from 40% up to 110% of nominal input voltage to the VFD. 

6. Five (5) Fault Histories with detailed description of frequency, current, and other operational status at the time of each fault. 

7. Two independently adjustable acceleration and deceleration ramps.  These ramp times shall be adjustable from 1 to 6000 seconds. 

8. The VFD shall Ramp or Coast to a stop, DC Injection, as selected by the user.

9. The VFD shall have selectable ‘No-Motor’ parameter to facilitate startup and troubleshooting.

10. Manual speed control adjustable by the VFD Keypad shall be available.
AD. The VFD shall have the following protection circuits. In the case of a protective trip, the drive shall stop and announce the fault condition.

· IGBT overcurrent protection

· Overcurrent trip on load output 

· DC overvoltage

· Internal overtemperature 

· Ground Fault

· Low Voltage

· Open output phase

· Electronic Thermal Protection.  The Electronic Thermal Overload protection shall protect the motor based on speed, load curve, and motor parameters.  

AE. PC software and for parameter upload/download/graphing shall be provided at no additional charge.
2.04
PRODUCT OPTIONS  

A. Three switch Manual Bypass shall be provided when indicated by the schedule.  VFD and bypass components shall be mounted inside a common NEMA 1 enclosure, fully pre-wired, and ready for installation as a single UL listed device.  Bypass shall include the following:
1. Output, and bypass contactors, to switch power from the VFD to bypass.
2. UL 508E Manual Motor Starter with pad-lockable handle to isolate the drive and protect the motor while operating in the bypass mode.

3. Control and safety circuit terminal strip.

4. Drive/Off/Bypass selector switch and Hand/Off/Auto selector switch.
5. Switch selectable smoke purge, auto transfer to bypass and remote transfer functions.

6. Pilot lights (22 mm LEDs) for, “Drive Run” and  “Bypass”.

7. Hand/Off/Auto selector switch shall provide the following operation:

· Hand Position - The drive is given a start command, and the drive will run at preset speed- user adjustable.
· Off Position - The start command is removed, all speed inputs are ignored, and power is still applied to the drive.  If in bypass mode, the motor is stopped.

· Auto Position - The drive is enabled to receive a start command and speed input from a building automation system.  If in bypass mode, the motor start/stop is controlled by the building automation system
8. Annunciation contacts for drive run, drive fault, bypass run and motor OL/safety fault.

9. VFD operator/keypad selection, LCD multi-line display.
B. Enclosure:

1. NEMA 1 extended enclosure, to house additional equipment within the VFD enclosure for VFDs not requiring Bypass.

2. NEMA 12 FVFF (Forced Ventilation inlet Filter and outlet Filter) enclosures with filters and blower.

3. NEMA 3R enclosures for outdoor installations.

a. For installation in ambient temperature environment above 104˚F, de-rate VFD 20% to increase ambient temperature rating to 122˚F. 

b. For installation in sustained ambient temperature environment below 14˚F, include panel space heater.

C. Integral Disconnect: Motor Circuit Protector (MCP) The MCP shall be a UL listed 508 current limiting manual motor starter with magnetic trip elements only. The breaker shall carry a UL 508F rating (up to 100A frame size) with a minimum interrupting rating of 30,000 AIC.  
D. Minimum 3% Line reactors shall be provided on the input side of the drive for harmonic suppression and input rectifier protection. DC Link Reactors or Bus Chokes are not acceptable substitute.
E. Surge suppression shall be provided to protect the drive from input power disturbances.

F. Output Filtering:

1. For long VFD to motor lead lengths provide self contained, installation appropriate enclosed output reactor or filter:

a. Provide output line reactor when lead is greater than 75 ft. at 460V input line power application.

b. Provide output line reactor when lead is greater than 200 ft. at 208/230V input line power application.

c. Provide output dual element filter when lead is greater than 200 ft. at 460V input line power application.

d. Provide output dual element filter when lead is greater than 400 ft. at 208/230V input line power application.

G. Engraved cabinet nameplates shall be provided.

2.05
COOLING TOWER CONTROL PANEL
A. Variable Frequency Drive

1. The cooling tower control panel shall include complete Variable Frequency Drive (VFD) fan control and incorporate control of spray pumps and basin heaters when applicable.
2. A single point power connection for all controlled motors will be included. UL 489 breaker shall include thermal and magnetic trip mechanisms.
3. The VFD shall be capable of controlling the cooling tower fan motor over a range of 10% to 100% of the motor’s base frequency.  
4. The control panel shall include manual bypass functionality which isolates the VFD. 

5. VFD operator controls shall include a VFD/Off/Bypass switch and HOA switch mounted on the enclosure door.

6. The control panel shall include all necessary terminal inputs to control the sequence of operations from a Building Management System including at a minimum:  VFD start command, VFD reference speed, spray pump operation, basin heater operation.

7. In the absence of a Building Management System, the control panel shall include a solid state PID temperature controller to adjust the VFD frequency to maintain water temperature.  The cold water temperature shall be displayed on the PID controller.
8. The control panel must also include a Full Voltage Non-Reversing Starter for a Spray Pump if present. HOA switch to be included and mounted on the enclosure door.
9. If Basin Heater is Present, the control panel shall also include a basin heater contactor with Off/Auto switch installed and mounted on the enclosure door.

10. Terminal inputs shall be provided for Vibration Cut Out Switch.
11. All internal power and control wiring to be installed and tested in the factory.

12. A Five Year Warranty shall be provided as a standard option by panel manufacturer.
PART 3 – EXECUTION

3.01 INSTALLATION

A. Installation shall be the responsibility of the mechanical contractor.  The contractor shall install the drive in accordance with the recommendations of the VFD manufacturer as outlined in the installation manual.

B. Power wiring shall be completed by the electrical contractor.  The contractor shall complete all wiring in accordance with the recommendations of the VFD manufacturer as outlined in the installation manual.

3.02 START-UP

A. Remote VFD Start-up assistance and training shall be available by factory and/or VFD provider at no additional charge.  Start-up technician is not required to be factory certified to preserve factory warranty. A factory supplied start-up form shall be filled out for each drive with a copy provided to the owner, and a copy sent to be kept on file at the manufacturer.

3.03 PRODUCT SUPPORT

A. Factory trained application engineering and service personnel that are thoroughly trained with the supplied VFD and optional packages shall be available via factory remote technical assistance at both the specifying and installation locations. Additional local support to be available through VFD supplier or referred technician for hire or pre-negotiated service terms. Servicing technician does not need to be factory certified to preserve warranty.
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