Mitsubishi Electric Automation, Inc.  (MEAU)

Variable Frequency Drives Type FR-F700
Consulting engineer specification of Variable Frequency

Drives (1to 800HP) for Variable Torque Applications

Section 15172

Part 1 – General

1.01  Scope of Work


A. This section provides specification for AC variable frequency drives or herein identified as VFD’s for use with {NEMA A, NEMA B} design AC induction motors.

B. Any exceptions / deviations to this specification shall be indicated in writing and submitted with the quotation.
1.02    References
The products covered in this section shall be designed, manufactured, and tested in accordance with the latest applicable standards as follows:

CSA 22.2 N14-95
Industrial control equipment

EN 50178

Low Voltage Directive

EN 60204-1
Safety of machinery-electrical equipment of machines.  Part 1 - Specification for general requirement.

EN 60950
Safety of information technology equipment including electrical business equipment.

EN 61010-1
Safety requirement for electrical equipment for measurement, control, and laboratory use.  Part 1 – general requirement.

EN 61800-3
Electro Magnetic Compliance

UL 508
Industrial control equipment.

UL 508C
Power conversion equipment.

IEC 664
Insulation coordination for equipment within low-voltage systems.

IEC 60068-2-6
Environmental testing – Part 2 – Test Fc: vibration (sinusoidal).

IEC 60068-2-27
Environmental testing. Part 2: Tests. Test Ea and guidance: Shock

IEC 801-4
Electrical Fast Transient (Supplementary Wave).

NEMA ICS6
Industrial control and systems enclosures.

NEMA 250
Enclosures for electrical equipment.
1.03    Submittals 
A. Standard brochure sheets showing voltage, horsepower, and maximum current ratings shall be available.
B. Recommended spare part layout drawings with part numbers shall be available.
C. An instruction manual shall be included with each VFD at time of shipment.
1.04    Warranty
A. Mitsubishi Electric warrants that the VFD shall be free from defects in materials and workmanship under normal use and service for a period of twelve (12) months from the date of product installation at the premises of the original end user, or eighteen (18) months from the date of manufacture from Mitsubishi Electric, whichever occurs first.

1.05    Quality Assurance
A. The manufacturer of the VFD shall be a certified ISO 9001 and ISO 14000 facility.

B. The VFD, including its internal electronic thermal overload protection circuit, shall be UL and cUL Listed in accordance to UL 508C - Power Conversion Equipment.

C. UL / cUL labels shall be attached on the outside of each VFD as verification.

D. The VFD shall be designed in accordance with NEMA, IEC, EN, UL and CSA standards.

E. The VFD manufacturer shall have 20 years of experience, minimum, in the design, construction and application of variable frequency drives.

F. The VFD manufacturer shall have an existing service organization.

G. The manufacturer of the VFD shall have the ability to design and manufacture insulated gate bipolar transistors (IGBT) to be incorporated into the construction of the VFD.

H. The manufacturer of the VFD shall have the ability to evaluate any component failure at their own analysis lab.  The services available shall include x-ray magnification of components, complete electrical testing, and the ability to analyze failures within the components.

Part 2 – Product

2.01  Manufacturer

A. The VFD shall be provided by Mitsubishi Electric Automation, Inc. (MEAU), type FR-F700 VFD.   

B. The control technique shall employ pulse width modulated (PWM) control.
C. Brand labeled products shall not be allowed.
2.02 General Description

A. The VFD shall convert the input AC mains power to an adjustable frequency and adjustable voltage as defined in the following sections.

B. The input power section shall utilize a full wave 6-pulse bridge design incorporating diode rectifiers.  The diode rectifiers shall convert AC line power of fixed voltage and frequency to fixed DC voltage.  This power section shall be insensitive to phase sequence of the AC line voltage.

C. The DC bus shall have external connections for external braking and allow for customer common DC Bus for multiple drive regeneration.

D. The output power section shall change fixed DC voltage to adjustable frequency AC voltage.  This section shall utilize insulated gate bipolar transistors (IGBT’s).

2.03  Construction

A. The VFD shall be rated UL Type 1 and shall be UL Listed as a plenum rated VFD.

B. The VFD shall employ built-in RS-485 communication via an RJ45 connection or terminal block.

C. The VFD shall employ built-in Modbus-RTU communication via a terminal block connection.

D. The VFD shall employ a standard control panel with built-in parameter copy functionality.

E. The VFD shall utilize one (1) connector slots for internally mounting plug-in options.

F. The VFD shall employ a removable control terminal block.

G. The VFD shall employ sink/source selectable control logic.

H. The VFD shall employ modular cooling fans – no tools required to exchange (up to 75Hp).

I. The VFD shall include a standard DC link reactor for ratings 100Hp and above.

2.04    Application Data

A. The VFD shall be sized to operate a {Variable Torque, Variable Torque Low Noise, Constant Torque} load.

B. The speed range shall be from a minimum speed of 0.5 Hertz to a maximum speed of 400Hertz.
2.05    Environmental Ratings

A. The VFD shall be designed to operate in the following Ambient Temperature range: Non-freezing.

a) Variable Torque and Constant Torque loads:  –10C to +50C  (14 to 122F).

B. The storage temperature shall be –20C to +65C (-4 to 149F), non-condensing.  Applicable for short periods, such as during transit.

C.   The maximum relative humidity shall be 90% at 50C (122F), non-condensing.

D.   The VFD shall be rated to operate at altitudes less than or equal to 1000m (3280ft).  

For altitudes above 1000m (3280ft):

a) Sizes up to 75Hp: Reduce the rated output current (Amperes) by 3% for every 500m (1640ft), up to 2500m (8200ft) maximum  (91% of rated).

b) Sizes 100Hp and larger: Reduce the rated output current (Amperes) by 2% for every 500m (1640ft), up to 3000m (9842ft) maximum (92% of rated).

c) Consult factory for higher altitudes.

E. The VFD shall be designed according to IEC 60068-2-6 to resist vibration.

2.06    VFD Ratings

A. The VFD shall be designed for operation with the following input voltages.

a) FR-F720, 1Hp to 75Hp:  170-242Vac 50HZ, 170-264Vac 60Hz, 200-240Vac (+10%/-15%).

b) FR-F740, 1Hp to 800Hp:  323-528Vac 50/60Hz, 380-480Vac (+10%/-15%).

B. The speed range shall be from a minimum of 0.5 Hz to a maximum of 400Hz, adjustable by increments of 0.01Hz.  Operation above 60Hz shall require programming changes to avoid over speeding the application.
C. The input voltage frequency range shall be 47.5 to 63 Hz.

D. The displacement power factor shall not be less than 0.93 with optional DC line reactor at 100% load factor.  (DC reactor included as standard for VFD’s 100HP and above.)

E. The efficiency of the VFD at 100% speed and load shall not be less than 95%.

F. The VFD shall conform to the European Union ElectroMagnetic Compatibility directive, CE labeled.  The VFD shall meet product standard EN61800-3 for Second (2nd) Environmental.
G. Frequency precision shall not be less than:

a) Using analog input: Within +/- 0.2% of maximum output frequency.  (25C +/-10C)

b) Using digital input: Within +/- 0.01% of set output frequency.

H. The Over-current capacity shall be:

a) Variable torque (LD): 120% for 1 min or 150% for 3sec, at 50C (continuous).
b) Variable torque (SLD): 110% for 1 min or 120% for 3sec, at 40C (continuous).
I. The VFD shall minimize the audible motor noise through the use of an adjustable carrier frequency.
J. The Speed Control Range shall be:

a) 20:1 while running between 3 and 60 Hz.  
2.07  Protection

A. The VFD shall be UL 508C Listed for use on distribution systems with 65kArms available fault current, based upon the UL short-circuit test.

B.   Upon power-up and before operational control is allowed to begin, the VFD shall check for valid operation of memory, pre-charge circuit, fan operation, and option board communication.  
C. The VFD shall be protected against short circuits between the output phases & ground and the logic & analog outputs.

D. Once operational, monitoring shall continually take place and an abnormality will result in an alarm. 

E. The following Circuit protection shall be allowed:

a) The VFD shall be rated for use with the appropriate UL class fuse.  

b) Alternately, circuit breakers may be used, provided that they are listed or certified by an accredited electrical testing laboratory such as Underwriters Laboratories. 

F. For a fault condition other than an internal fault, an auto restart function shall provide up to 10 programmable restart attempts.  The programmable time delay before each restart shall range from 0 to 10 seconds.

G. The deceleration ramp of the VFD shall be programmable for normal and fault conditions.  Stop modes shall include: dc injection braking, controlled deceleration to stop and coast to stop.

H. Upon loss of the analog speed reference signal:

a) The VFD shall follow the programmed deceleration ramp to a controlled stop.

b) Hold the VFD speed based upon the last good value and trigger a warning alarm.

I. The VFD shall have solid state I2t protection that is evaluated in accordance with UL 508C.  The minimum adjustment range shall be from 0 to 150% of the current output of the VFD. 

J. The VFD shall include Metal Oxide Varistors (MOVs) wired to the incoming AC terminals.

K. STOP key on the keypad shall be functional at all time, drive mode insensitive.

L. The VFD shall be insensitive to input power phase sequence.

M. The VFD shall include 3 skip frequency ranges that can each be programmed with a selectable bandwidth of the user’s choice.  The skip frequencies shall allow independent programming for back-to-back or overlap.

N. The output frequency shall be parameter setting enabled to fold back when the motor is overloaded.

O. The VFD shall monitor the main circuit capacitors, control circuit capacitor, in-rush suppression circuit, and cooling fan and shall provide a pre-alarm so that maintenance can be scheduled.

P. The VFD shall include an output timer function so that peripheral equipment maintenance can be scheduled.

Q. The VFD shall include parameter selectable input and output phase loss protection.
R. The VFD basic insulation level shall be tested based upon ANSI/IEEE C62.41-1999.
2.08    Adjustments and Configurations

A. The VFD shall be factory pre-set to operate most common applications.

B. Choice of four (4) types of acceleration and deceleration patterns shall be available: linear, S-curve shaped – two types, and backlash compensated.

C. The acceleration and deceleration ramps shall be individually adjustable from 0.00 to 3600 seconds.

D. The volts per hertz ratios shall be user selectable.

E. The VFD shall store the last eight (8) alarm faults and data at time of fault.  The data shall include output frequency, output current, output voltage and VFD operation time at fault occurrence.

F. The VFD shall have user programmable DC injection braking to stop the motor’s rotation.  DC injection braking voltage is adjustable between 0 to 30% and up to 10 seconds of continuous operation.

G. Cooling fan control shall be selectable: Operates continuously during run operation, and dependent upon temperature at stop.

H. The VFD shall have adjustable accel/decel ramp profiles.

I. The VFD shall have the ability to start into a reverse rotating motor (anti-windmill) and achieve the set speed.

J. The VFD shall have two (2) different selectable settings for accel/decel times, torque boost, base frequency, stall prevention frequency and current, and output frequency detection functions.

K. The VFD shall have coast to stop functionality by parameter setting.

L. The VFD shall automatically compute the motor’s slip compensation.

M. The VFD shall be able to limit motor rotation to only one direction.

N. The VFD shall have two (2) output current detection functions which are able to trigger individual alarms.

a) Zero current detection level.

b) High output current detection.

O. The VFD shall include two (2) parameters for user entry. (Unit or machine number, install date).

2.09   Operational Features

A. The VFD shall allow the motor to be switched in sequence to line power when operating at the base frequency.

B. The VFD shall be able to start into a rotating motor (any speed or direction) and accelerate (decelerate) to set speed without tripping or component loss.

C. There shall be a regenerative avoidance function to minimize the effect of opposite rotation of another fan within the same duct.

D. The VFD shall allow for automatic optimization of the VFD output, during accel/decal and constant speed, characteristic based upon the application and load.

E. The VFD shall incorporate PID control for process controls such as flow rate, air volume, or pressure.

a) The VFD shall include programmable PID shutoff for energy savings in low speed region.  (PID sleep)

b) The VFD shall include the capability to monitor values of PID setpoint, process value, and deviation.

c) The VFD shall include PID forward/reverse operation switchover by external signal.

F. The VFD shall allow for controlled deceleration to stop following an input power loss.

G. The VFD shall included automatic pump sequencing, which will allow the VFD to sequence up to 4 pumps across the line without additional controllers or software.

H. The VFD shall contain three (3) skip frequency ranges that can be programmed within a selectable range of 0-400Hz with a minimum bandwidth of 0.01Hz.  Each skip range shall be independently programmable.

I. The VFD shall be able to perform bi-direction rotation following a –10 to +10Vdc input.

J. The VFD shall be able to run for at set hold time at the start frequency to smooth motor start.

K. Communication options include:

a) RS-485 (standard).
b) Modbus RTU.
c) LonWorks™

d) CC-Link

e) Profibus DP

f) DeviceNet™

g) Metasys-N2

L. The VFD output signals shall be able to be utilized in lieu of a remote output terminal of a programmable logic controller when the VFD is being controlled via RS 485 or network.

2.010   Operator Interface

A. Six (6) key Control Panel, with setting dial, shall be mounted on each drive and shall be removable & interchangeable regardless of the Hp rating.  The customer control shall include the following functionality.

a) Furnished with each VFD as standard.

b) Batch parameter read, copy and verification functionality.

c) Four (4) digit numerical display.

d) Standard RS-485 communication through a RJ 45 port.

e) Allows direct access for parameter changes.

f) Includes an electronic parameter write disable feature. 

g) Stores/displays last four (4) alarm faults and data at time of fault.  The data shall include output frequency, output current, output voltage and VFD operation time at fault occurrence.

h) Forward, Reverse and Stop keys command normal starting and stopping as programmed when the VFD is in keypad control mode.

i) Display of I/O and output terminal ON/OFF states.

j) STOP key is functional at all time, drive mode insensitive.

k) Can be mounted at a distance of 20 meters from the VFD.

B. Twenty-four (24) key parameter unit shall be available as an optional accessory and shall be removable & interchangeable regardless of the Hp rating.  The customer control shall include the following functionality.

a) Batch parameter read, copy and verification functionality.

b) Standard RS-485 communication through a RJ 45 port.

c) Alpha numeric LCD display.  

· 4 Lines x 16 characters.  

· Adjustable LCD contrast. 

d) Includes a parameter write disable feature.

e) Stores last eight (8) alarm faults and operation data (frequency, voltage, current, and VFD run time) at time of fault occurrence.

f) Forward, Reverse and Stop keys command normal starting and stopping as programmed when the VFD is in keypad control mode.

g) STOP key is functional at all time, drive mode insensitive.

h) Can be mounted at a distance of 20 meters from the VFD.

i) Eight (8) languages available selectable among English, Japanese, German, French, Spanish, Italian, Swedish and Finnish.

j) Allows direct access for parameter changes individually, by function set and by user selected groups.  Parameters can be listed by definition, factory default setting, or user changed values.

k) Calibration of frequency meter or bias/gain settings.

l) Arrow keys shall provide the ability to scroll through menus and screen, select or activate functions or change the value of a selected parameter.

m) HELP functionality shall include the following:

1) Monitoring of data: Running frequency, motor current, output voltage, set frequency, running speed (RPM), DC bus voltage, over-current load %, peak output current, peak dc bus voltage, input & output power used (kW), input and output signal state (ON or OFF).

2) Stores/displays last eight (8) alarm faults and data at time of fault.  The data shall include output frequency, output current, output voltage and VFD operation time at fault occurrence.

3) Troubleshooting hints shall reference alarm definitions in plain English and point to applicable parameter settings.

4) Display of installed options and software version shall be available.

C. Computer  interface via RS-485 option

a) An optional VFD Software program shall be available which supports serial communication between a PC and network of 1 to 32 variable frequency drives (VFD’s) through the Parameter Unit ports.  

Capabilities include:

· Edit drive parameters, transfer settings to and from the drive, and save them to disk

· Monitoring of I/O, analog outputs, and VFD status using a variety of available displays

· Diagnostics

· Help screens that include detailed parameter descriptions

· Access to parameters grouped by function (for example, all parameters related to accel / decel, braking, or options).

2.011  Control

A.
The control power for the digital inputs and outputs shall be 24Vdc, selectable to sink or source.  Optional 120Vac control power for the digital inputs and outputs shall be available.

B.  All logic connections shall be furnished on a removable terminal strip.

C. External devices shall be able to be connected to the terminal strip for starting/stopping the VFD, speed control and indicating operation status.

D. Speed command input shall be by means of:

a) Keypad.

b) Analog input.

c) Serial communications.

d) Floating point input shall accept a three-wire input from a Dwyer Photohelic (or equivalent type) instrument.

E. There shall be three (3) parameter assignable analog inputs.  

a) The selection consists of the following configurations: 0-5Vdc, 0-10Vdc, 4-20mA dc, -5 to +5 Vdc, and –10 to +10 Vdc.

b) Two (2) terminals shall be selectable for either voltage or current reference input.

c) Combinations of the above speed references can be selected and be switched via remote terminal.

F. There shall be twelve (12) logic inputs that are parameter assignable. 

a) The selection consists of PTC, 15 preset speeds (up to four inputs), second functions, jog, current input selection, auto restart, external thermal relay, PID control, Advanced PID control to allow motor sequencing, PU to external switch-over.

b) Optional 3-digit BCD or 12-bit binary input terminals (3) shall be available as relay contact or open collector signals.

G. Output signals shall consist of:

a. Five (5) open collector outputs shall be available, which are parameter assignable and are optically isolated.

1) Can be selected for positive or negative logic.

2) The selection of assignments shall consist of: Running, Up to speed, Power failure/Under-voltage, Overload, Output frequency detection (first & second), Electronic over-current pre-alarm, PU mode, Inverter ready, Zero current detection, PID upper limit, PID lower limit, PID reverse rotation output, Commercial power supply switch over (MC1-MC3), Fan fault, Fin (heatsink) overheat pre-alarm, Power savings, Minor and Major fault outputs as standard selections. 

3) The VFD’s output terminals shall allow control through network commands.
4) Optional relay output contact signals (3) shall be available and selectable.

5) Optional digital outputs (5) shall be available and selectable through open collector terminals.

b. Pulse or Analog output signal shall be selectable in the form of either:

1) Analog output signal, 4-20mAdc.

2) Analog output signal, 0-10Vdc
c. Two (2) Form (C) relay outputs with selectable Normally Open or Normally Closed alarm outputs shall be available.

1) Alarm terminals shall be individually parameter assignable.

2.012  Braking

A. The VFD shall provide terminals for adding an external braking unit to allow for dissipation of excessive electrical energy from the motor.

B. The following shall be available:

a) DC dynamic braking – Including adjustable operation frequency, time and voltage.

b) External line regeneration.

c) Can be used for common bus systems for multiple drive regeneration.

Part 3  Execution
3.01   Inspection

A. Verify that the location is ready to receive work and the dimensions are as indicated.

B. Do not install the VFD until the building environment can be maintained in accordance with the manufacturer’s specifications.

3.02   Protection

A. Before and during the installation, the VFD shall be protected from site and environmental contaminants.

3.03   Installation

A. Installation shall be in compliance with the manufacturer’s instructions, drawings and recommendations.

B. Installation shall be the responsibility of the mechanical contractor.  

C. The power wiring shall be the responsibility of the electrical contractor.  The contractor shall complete all wiring in accordance to NEC guidelines.

3.04   Start-up Assistance

A. On-site assistance shall be available from a factory certified technical representative who shall supervise the contractor’s installation, testing and start-up of the VFD.  

B. The start-up assistance shall be quoted as a separate line item.

3.05   Training

A. Maintenance and operational classes shall be available for the operators and maintenance personnel on-site.

B. The training course shall be quoted as a separate line item.

End of Section
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