Variable Frequency Drive (VFD) Specification

SECTION 16XXXX VARIABLE FREQUENCY DRIVES

1.0
SCOPE OF WORK

1.1
General:  This specification defines the minimum requirements for Variable Frequency Drives (VFD) and accessories for speed control of either constant or variable torque loads.

1.2
Related Work:  None.

1.3
References:

A. UL 508C

B. CE

C. NEC

D. Canadian Underwrites Laboratory (CUL)

E. ISO 9001

F. IEEE519-1992

2.0
PRODUCTS

2.1
Acceptable Manufacturers:

A. Danfoss VLT® AQUA Series VFD (Variable Frequency Drive)

2.2
General:

A. Furnish complete VFD as specified herein or in the equipment schedule for loads designated to be variable speed. VFD’s shall be user-selectable for either constant or variable torque loads.

B. The VFD shall convert incoming fixed frequency three-phase AC power into a variable frequency and voltage for controlling the speed of three-phase AC induction motors.  The VFD shall be a six-pulse input design, and the input voltage rectifier shall employ a full wave diode bridge; VFD’s utilizing controlled SCR rectifiers shall not be acceptable.  The output waveform shall closely approximate a sine wave. The VFD shall be of a PWM output design utilizing current IGBT inverter technology and voltage vector control of the output PWM waveform.

C. The VFD shall include a full-wave diode bridge rectifier and maintain a displacement power factor of near unity regardless of speed and load.

D. The manufacturer of the VFD shall demonstrate a continuous period of manufacturing and development of VFD’s for a minimum of 30 years.  VFD’s that are brand-labeled are not acceptable.

E. The VFD shall produce an output waveform capable of handling maximum motor cable distances of up to 1,000 ft. (unshielded) without tripping or derating.

F. The VFD shall utilize VVCPLUS, an output voltage-vector switching algorithm, or equivalent, in both variable and constant torque modes.  VVCPLUS provides rated RMS fundamental voltage from the VFD.  This allows the motor to operate at a lower temperature rise, extending its thermal life.  VFD’s that cannot produce rated RMS fundamental output voltage or require the input voltage to be increased above motor nameplate value to achieve rated RMS fundamental output voltage are not acceptable. VFD’s that utilize Sine-Coded PWM or Look-up tables shall not be acceptable.
G. The VFD selected must be able to source the motor’s full load nameplate amperage (fundamental RMS) on a continuous basis, and be capable of running the motor at its nameplate RPM, voltage, current, and slip without having to utilize the service factor of the motor.

H. The VFD shall offer a programmable motor parameter that allows the total number of poles of a motor to be programmed to optimize motor performance.
I. VFD shall automatically boost power factor at lower speeds.

J. The VFD will be capable of running either variable or constant torque loads.  In variable torque applications, the VFD shall provide a CT-start feature and be able to provide full torque at any speed up to the base speed of the motor.  In either CT or VT mode, the VFD shall be able to provide its full rated output current continuously and 110% of rated current for 60 seconds.

K. An Automatic Energy Optimization (AEO) selection feature shall be provided in the VFD to minimize energy consumption in variable torque applications.  Feature shall optimize motor magnetization voltage.  This feature shall dynamically adjust output voltage in response to load, independent of speed.  Output voltage adjustment based on frequency alone is not acceptable for single motor VT configurations.

L. For multi-motor variable torque configurations, user-selectable load profile curves including VT-High, VT-Medium, and VT-Low shall be provided to ensure easy commissioning and improved energy efficiency.  VFD’s requiring the operator to assign load torque data-points to create a V/Hz profile, are not acceptable.

M. An initial ramp function shall be available to provide a different beginning ramp time, up to 60 seconds, for applications requiring a faster or slower ramp than the normal ramp.

N. VFD shall offer up to 4 separate PID controllers.  One controller shall operate the drive in closed loop, while the other 3 provide control signals to other equipment.  VFD’s with PI controllers only are not acceptable.  
O. An empty pipe fill mode shall be available to fill an empty pipe in a short period of time, and then revert to the PID controller for stable operation.  Pipe fill mode shall have a programmable time to reduce water hammer in the system or fill the pipe at a unit per time rate.
P. VFD shall offer a motor spinning test that will run the motor at 5 Hz until the OK button is pressed to allow the user to determine if the motor is running in  the correct direction

Q. An embedded cascade pump controller shall be included to provide lead pump alternation, improved redundancy and, with an option card, shall operate with unequal sized pumps.

R. Switching of the input power to the VFD shall be possible without interlocks or damage to the VFD at a minimum interval of 2 minutes.  

S. Switching of power on the output side between the VFD and the motor shall be possible with no limitation or damage to the VFD and shall require no additional interlocks.

T. An Automatic Motor Adaptation (AMA) function shall measure motor stator resistance and reactance to optimize performance and efficiency. It shall not be necessary to spin the motor shaft or decouple the motor from the load to accomplish this optimization.  Additionally, the parameters for motor resistance and motor reactance shall be user-programmable.

U. The VFD shall have temperature controlled cooling fans for quiet operation, minimized internal losses, and greatly increased fan life.

V. VFD shall provide full torque to the motor given input voltage fluctuations of up to +10% to -15% of the rated input voltage.
                  2.3   Harmonics

A. The VFD shall provide internal DC link reactors to minimize power line harmonics and to provide near unity power factor.  VFD’s without a DC link reactor shall provide a 5% impedance line side reactor.

(Further Optional Harmonic Mitigation)
B. The VFD shall be provided with line-side harmonic reduction, as required, to insure that the current distortion limits, as defined in table 10.3 of IEEE 519-1992, are met. PCC1, defined as the low voltage side of the distribution transformer, is used for purposes of calculation and referred, by the turns ratio of the transformer, to the PCC defined by the IEEE Recommended Practices as the Consumer-Utility interface. The tables of limits set forth therein are with reference to the PCC (primary side of the main transformer).

C. Harmonic solutions shall be designed to withstand up to 2% line imbalances with the maximum Current Distortion not to exceed 11% at 100% load.  

D. Harmonic solutions shall be capable of withstanding up to 2% ambient voltage distortion with the maximum Current Distortion not to exceed 12% at 100% load.

E. To ascertain the harmonic contribution of the VFD’s at the PCC and to show compliance with IEEE 519-1992, harmonic analysis shall be performed and submitted with the bid package, provided that the VFD vendor is in receipt of the below listed information 10 working days prior to the bid date.

a. kVA rating of the low voltage distribution transformer(s)

b. X/R Ratio of utility low voltage distribution transformer(s)

c. Primary voltage

d. Secondary voltage

e. Secondary %IZ (impedance)

f. Length, size, & number of conductors between transformer LV side and distribution panel

g. System Single Line Diagram and electrical equipment list showing transformer and VFD detail

h. Total linear load kW to be connected to the distribution transformer

i. Anticipated maximum demand load (15 minute or 30 minute) on the distribution transformer (IEEE 519)
2.4
Protective Features:

A. VFD shall have input surge protection utilizing MOV’s, spark gaps, and Zener diodes to withstand surges of 2.3 times line voltage for 1.3 msec.

B. VFD shall include circuitry to detect phase imbalance and phase loss on the input side of the VFD.  

C. VFD shall auto-derate the output voltage and frequency to the motor if an input phase is lost. This result will maintain operation without decreasing the life expectancy of the VFD. The use of this feature shall be user selectable and export a warning during the event.

D. Automatic “No-Flow Detection” shall be available to detect a no-flow situation in pump systems where all valves can be closed. This shall be functional in closed loop control or when controlled by an external signal.

E. Dry-pump detection shall be available to detect if the pump has run dry and trip the drive.  A timer shall be included to prevent nuisance tripping.

F. End-of-Pump curve detection shall stop motor when the pump is operating outside of its programmed pump curve.  
G. VFD shall provide flow compensation to reduce energy by adjusting the Setpoint to match changes in flow (friction loss).  Flow compensation shall also operate in Cascade control mode.
H. VFD shall include current sensors on all three-output phases to detect and report phase loss to the motor. The VFD will identify which of the output phases is low or lost.

I. VFD shall auto-derate the output voltage and frequency to the motor in the presence of sustained ambient temperatures higher than the normal operating range, so as not to trip on an inverter temperature fault.  The use of this feature shall be user-selectable and a warning will be exported during the event.  Function shall reduce switching frequency before reducing motor speed.
J. VFD shall auto-derate the output frequency by limiting the output current before allowing the VFD to trip on overload.  Speed can be reduced, but not stopped.

K. The VFD shall have the option of an integral RFI filter.  VFD enclosures shall be made of metal to minimize RFI and provide immunity.

2.5
Interface Features:

A. VFD shall provide an alphanumeric backlit display keypad (LCP) which may be remotely mounted using standard 9-pin cable. VFD may be operated with keypad disconnected or removed entirely.  Keypad may be disconnected during normal operation without the need to stop the motor or disconnect power to the VFD.  
B. VFD Keypad shall offer an INFO key that, when pressed, shall offer the contents of the programming manual for the feature that is currently in the display.  The contents shall explain the feature and how the settings can be made
C. VFD shall display all faults in plain text; VFD’s which can display only fault codes are not acceptable. 

D. The keypad shall feature a 6-line graphical display and be capable of digitally displaying up to five separate operational parameters or status values simultaneously (including process values with the appropriate engineering unit) in addition to Hand/Off/Auto, Local/Remote, and operating status. 

E. Two lines of the display shall allow “free text programming” so that a description, or the actual name, of the equipment being controlled by the VFD can be entered into the display.

F. Keypad shall provide an integral H-O-A (Hand-Off-Auto) and Local-Remote selection capability, and manual control of speed locally without the need for adding selector switches, potentiometers, or other devices. 

G. All VFD’s shall be of the same series, and shall utilize a common control card and LCP (keypad/display unit) throughout the rating range.  The control cards and keypads shall be interchangeable through the entire range of drives used on the project.

H. VFD keypad shall be capable of storing drive parameter values in non-volatile RAM uploaded to it from the VFD, and shall be capable of downloading stored values to the VFD to facilitate programming of multiple drives in similar applications, or as a means of backing up the programmed parameters.

I. VFD Display shall have the ability to display 5 different parameters about the VFD or load including: current, speed, DC bus voltage, output voltage, input signal in mA, or other values from a list of 92 different parameters.
J. VFD display shall indicate which digital inputs are active, and the status of each relay.  
K. It shall be possible to toggle between three status read-out screens by pressing the [Status] key.  Different operating variables with different formatting can be shown in each status screen.
L. VFD display shall indicate the value of any voltage or current signal connected to the analog input terminals.  

M. VFD display shall indicate the value of the current on the analog output terminals.

N. A red FAULT light, a yellow WARNING light and a green POWER-ON light shall be provided. These indications shall be visible both on the keypad and on the VFD when the keypad is removed. 

O. Two-level password protection shall be provided to prevent unauthorized changes to the programming of the VFD. The parameters can be locked via a digital input and/or the unit can be programmed not to allow an unauthorized user to change the parameter settings.

P. A quick setup menu with factory preset typical parameters shall be provided on the VFD to facilitate commissioning. Use of macros shall not be required. 

Q. A digital elapsed time meter and kilowatt hour meter shall be provided in the display.

R. VFD shall offer as standard an internal clock. The internal clock can be used for: Timed Actions, Energy Meter, Trend Analysis, date/time stamps on alarms, Logged data, Preventive maintenance, or other uses.  It shall be possible to program the clock for Daylight Saving Time / summertime, weekly working days or non-working days including 20 exceptions (holidays etc.). It shall be possible to program a Warning in case clock has not been reset after a power loss.

S. VFD shall provide full galvanic isolation with suitable potential separation from the power sources (control, signal, and power circuitry within the drive) to ensure compliance with PELV requirements and to protect PLC’s and other connected equipment from power surges and spikes. 

T. All inputs and outputs shall be optically isolated.  Isolation boards between the VFD and external control devices shall not be required.

U. There shall be six fully programmable digital inputs for interfacing with the systems external control and safety interlock circuitry. Two of these inputs shall be programmable as inputs or outputs.
V. The VFD shall have two analog signal inputs. Inputs shall be programmable for either 0 -10V or 0/4-20 mA.

W. One programmable analog output shall be provided for indication of a drive status. This output shall be programmable for output speed, voltage, frequency, motor current and output power. The analog output signal shall be 0/4-20 mA.
X. The VFD shall provide two user programmable relays with 75 selectable functions. Two form ‘C’ 230VAC/2A rated dry contact relay outputs shall be provided.

Y. Floating point control interface shall be provided to increase/decrease frequency in response to external switch closures.

Z. The VFD shall accept a NC motor temperature over-temperature switch input, as well as possess the capability to accept a motor thermistor input.

AA. The VFD shall store in memory the last 10 faults with time stamp and recorded data.

AB. Run permissive circuit shall be provided to accept a “system ready” signal to ensure that the VFD does not start until isolation valves, seal water pumps or other types of auxiliary equipment are in the proper state for VFD operation. The run permissive circuit shall also be capable of sending an output signal as a start command to actuate external equipment before allowing the VFD to start.

AC. The VFD shall be equipped with a standard RS-485 serial communications port and front-of-drive accessible USB port.  Danfoss FC or ModBus RTU shall be integrally mounted.
AD. A Windows® compatible software to display all monitoring, fault, alarm, and status signals shall be available.  This software shall allow parameter changes, storage of all VFD operating and setup parameters, and remote operation of the VFD.

2.6
Adjustments:

A.
The VFD shall have an adjustable output switching frequency.

B.
Four complete programming parameter setups shall be provided, which can be locally selected through the keypad or remotely selected via digital input(s), allowing the VFD to be programmed for up to four alternate control scenarios without requiring parameter changes.

C.
In each programming set up, independent acceleration and deceleration ramps shall be provided.  Acceleration and deceleration time shall be adjustable over the range from 0 to 3,600 seconds to base speed.

D.
The VFD shall have four programmable “skip frequencies” with adjustable bandwidths to prevent the driven equipment from running at a mechanically resonant frequency.

E.
VFD shall include an automatic acceleration and deceleration ramp-time function to prevent nuisance tripping and simplify start-up.

F.
In each programming setup, independent current limit settings, programmable between 50% and 110% of the drives output current rating, shall be provided.

G.
PID parameter settings shall be adjustable while the VFD is operating, to aid in tuning the loop at start up.  The VFD will also be capable of simultaneously displaying set-point reference and feedback values with appropriate engineering units, as well as output frequency, output current, and run status while programming the PID function.

H.
The VFD will include a “loss of follower” function to detect the loss of process feedback or reference signals with a live-zero value, with a user-selectable choice of responses (go to set speed, min speed, max speed, stop, stop and trip).

I.
A Sleep Mode function shall be provided to reduce wear and heating of the pump and other equipment in periods where system demands are minimal. This function will operate in both open and closed loop modes:

1.
In closed loop process control, when the output speed drops to a user-programmed minimum value (“sleep frequency”) for a specified time (“sleep mode timer”), the drive will enter sleep mode and either go into standby, or boost mode before entering standby. The drive shall automatically restart the motor once the output of the PID processor exceeds a programmable value “wake up frequency”.

a. Boost mode shall prevent short-cycling of the motor by temporarily adjusting the set-point by a user programmable percentage. Upon reaching this value, the unit will go into standby.

2.
In open loop, the drive shall be capable of entering sleep mode if the input reference drops below a user programmable value. When the input reference increases above a programmable reference, the drive will automatically start.

K.
An integral motor alternation function shall be provided to enable the drives output to alternate between two motors. The alternation interval shall be programmable in hours. This function shall operate external relays as required to control the motor alternation sequence. A dwell time shall be integral to the function and can prevent damage to the motor contactors.

L.
The VFD will include a user selectable Reset function, which enables the selection of between zero and twenty restart attempts after any self-clearing fault condition (under-voltage, over-voltage, current limit, inverter overload and motor overload), or the selection of an infinite number of attempts.  The time between attempts shall be adjustable from 0 through 600 seconds.

M.
An automatic “on delay” function may be selected from 0 to 120 seconds.

N.
The VFD will include a user-selectable Auto-Restart function that enables the VFD to power up in a running condition after a power loss, to prevent the need to manually reset and restart the VFD.

O. VFD shall catch a rotating motor operating either in forward or reverse at up to full speed. 

2.7
Options (Select appropriate options):

A.
Where required, other options such as bypass, soft-start bypass, motor selection contactors, etc. shall be available as part of the package.  Soft starters, if used, shall be fully digital, closed-loop (current ramp), with bypass capability, and be the Danfoss MCD Series.
B.
Provide a manual bypass consisting of a door interlocked main fused disconnect padlockable in the off position, a built-in motor starter and a four position DRIVE/OFF/BYPASS/TEST switch controlling three contactors. In the DRIVE position, the motor is operated at an adjustable speed from the drive. In the OFF position, the motor and drive are disconnected. In the BYPASS position, the motor is operated at full speed from the AC power line and power is disconnected from the drive so that service can be performed. In BYPASS Position, a Danfoss MCD Softstarter will be in the circuit to allow the motor to avoid an across the line start. In the TEST position, the motor is operated at full speed from the AC line power. This allows the drive to be given an operational test while continuing to run the motor at full speed in bypass. Customer supplied normally closed dry contact shall be interlocked with the drives safety trip circuitry to stop the motor whether in DRIVE or BYPASS mode in case of an external safety fault.

C.
 VFD and all required options will be incorporated by the VFD manufacturer into an integrated package, with a single input feed and main disconnect.  Semi-conductor rated fuses shall be included to provide additional equipment protection.  The VFD shall be rated for 100,000 AIC when the manufacturer’s recommended fuses are used.  The VFD enclosure will be available as a NEMA 1, NEMA 12, NEMA 3R, or other rating(s) as required by the specification drawings.  All enclosures shall be UL Listed, and assembled by the VFD manufacturer in an ISO 9001 registered facility.
D.
The VFD shall have an available integral pump controller option to automatically stage and de-stage up to five pumps in either standard cascade or leader follower mode, utilizing the VFD’s PID loop controller feature to regulate either pressure, level or flow in a system.  The controller shall be compatible with systems having multiple VFD’s, or with a VFD “master” and either soft starter or across-the-line follower units.
E.  VFD shall offer the ability to have back-up 24 VDC power to keep control logic powered in the event of a power failure.  Back-up power shall keep communications, PID Loops, and drive logic operational until power is restored.
F.  The VFD shall offer a relay option board that includes three additional Form ‘C’ 240V relays that are mounted inside the drive.
G.  The VFD shall provide all Printed Circuit Boards with Conformal Coating to reduce the corrosion effect from environmental gases and other conditions.
H. The VFD shall offer an I/O board as an option that adds 3-digital inputs, 2-digital outputs, 2-analog inputs, and 1-analog output.

2.8
Service Conditions:

A.
Ambient Temperature of the VFD, -10 to 45ºC (14 to 113(F)

B.
0 to 95% relative humidity, non-condensing.

C.
Elevation to 1000 meters (3,300 feet) without derating.

D.
VFD’s shall be rated for line voltage of 525 to 690VAC, 380 to 480VAC, or 200 to 240VAC; with +10% to -15% variations.  Line frequency variation of ± 2% shall be acceptable.

E.
No side clearance shall be required for cooling of the units.
A. EXECUTION

3.1
Submittals:

A. Submit manufacturer's performance data including dimensional drawings, power circuit diagrams, installation and maintenance manuals, warranty description, VFD's FLA rating, certification agency file numbers, catalog information and catalog cut-sheets for all major components.

B. All drawings shall be in an 8.5 X 11” reproducible format, and incorporate the manufacturer’s title block on the drawing.  

C. This specification lists the minimum VFD performance requirements for this project. Each supplier shall list any exceptions to the specification. If no departures from the specification are identified, the supplier shall be bound by the specification.

D. Three copies of all submittals shall be provided.

E. Submit a computer generated Harmonic Distortion Analysis for the jobsite location.

3.2
Quality Assurance:

A.
The manufacturer shall be both ISO-9001 and ISO-14001 certified.

B.
All products shall be CE marked; UL labeled, and meet the requirements of UL-508C.

C.
To ensure quality and minimize infantile failures on the jobsite, all VFD’s shall be completely tested by the manufacturer. The VFD shall operate a dynamometer at full load and speed under elevated temperature conditions.

D.
All optional features shall be functionally tested at the factory for proper operation.

E.
Factory test documentation shall be available upon request.

3.3
Examination:

A.
Contractor to verify that job site conditions for installation meet factory recommended and code-required conditions for VFD installation prior to start-up, including clearance spacing, temperature, contamination, dust, and moisture of the environment. Separate conduit installation of the motor wiring, power wiring, and control wiring, and installation per the manufacturer's recommendations shall be verified.

B.
The VFD is to be covered and protected from installation dust and contamination until the environment is cleaned and ready for operation. The VFD shall not be operated while the unit is covered.

3.4        Start-up and Warranty

1. A factory-authorized service technician shall perform start-up on each drive.  ("Start up" shall not include installation or termination of either power or control wiring.)  The service technician shall perform start-up on up to 8 drives per day.  Start-up costs provided with the bid shall include time and travel for the estimated number of visits required, but shall not be less than at least one half-day with travel.  Additional labor or return trips to the site shall be billed at Danfoss' published straight-time rates.  Upon completion, a start up service report shall be provided.

2. A 6-year on-site warranty shall be provided such that the owner is not responsible for any warranty costs including travel, labor, parts, or other costs for a full 6 years from the date of manufacture of the Drive.  The cost of the warranty shall be included in the bid.

END OF SECTION
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