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PULSE WIDTH MODULATED VARIABLE FREQUENCY DRIVE


SPECIFICATION

This specification covers the performance, design and manufacture of 380, 415, or 460 Volt Variable Frequency Drives to control the speed of a 3-phase, squirrel cage induction motor.  


SPECIFICATION

for


PULSE WIDTH MODULATED VARIABLE FREQUENCY DRIVE











[ ] Instructions










( ) Select as desired

PART 1 - GENERAL

1.01 Scope of Work

A.
Provide all labor, materials, equipment and incidentals required, and install, place in operation and field test (Qty.         ) variable frequency drive(s).


B.
The adjustable frequency controller shall be a space vector sine-coded Pulse-Width Modulated (PWM) design as manufactured by Siemens LD-R. Modulation methods which incorporate "gear-changing" techniques are not acceptable.  The final responsibility of distributor or packager modifica​tions to a third-party standard product will reside with the VFD manufacturer.  All drives shall be supplied by one manufacturer. The VFD will be manufactured within the United States of America to alleviate concerns of future serviceability and parts availability.  Drives shall be purchased and furnished by                       (pump manufacturer, electrical contractor, other).


C.
The VFD system must fit in the space  indicated on the drawings.


1.02 Quality Assurance

A.
The entire VFD system as described in section 2.01B shall be factory assembled and system tested by the VFD manufacturer to assure a properly coordinated system.


B.
Codes:  Provide equipment in full accordance with the latest applicable rules, regulations, and standards of:



1.
Local Laws and Ordinances.



2.
State and Federal Laws.



3.
National Electric Code (NEC).



4.
Underwriters Laboratories (UL).  



5.
American National Standards Institute (ANSI).



6.
National Electrical Manufacturers Association (NEMA).



7.
Institute of Electrical and Electronics Engineers (IEEE).


C.
The complete drive system shall be UL listed.


D.
Acceptable Manufacturers:



1.
Siemens LD-R Robicon 454GT.



2.



3.



4.
Pre-bid approved equal, meeting the detailed requirements of these specifications.  [Optional Alternate:  No substi​tu​tions are permitted.]

1.03 Submittals

A.
Submittals shall conform in all respects to Section                                          .


B.
Submittals shall be custom prepared by the VFD manufacturer for this specific applica​tion.   


C.
Submittal information shall include, but not be limited to:



1.
Equipment dimensions, including stub-up locations, shipping splits and shipping weights.



2.
Catalog cuts of major components.



3.
Spare parts list, per Paragraph 3.03.



4.
Certifications, including:




a.
Warranty, per section 1.04.




b.
Efficiencies, per section 2.02.A.1.


1.04 Warranty

A.
All equipment furnished under this section shall be warranted for parts and labor by the contractor and the equipment manufacturers for a period of one (1) year after completion of startup or 18 months after shipment, whichever occurs first.

PART 2 - PRODUCTS

2.01 Material and Equipment

A.
Any modifications to a standard product required to meet this specification shall be performed by the VFD manufacturer only. Distributor or system integrator changes to the VFD manufacturer's product are specifically disallowed.



B.
Input circuit breaker, interlocked with the enclosure door, with through-the-door handle to provide positive disconnect of incoming AC power.  The circuit breaker shall be rated for                 AIC.


C.
VFD system shall maintain a .95 minimum true power factor throughout the entire speed range.


2.02 Variable Frequency Drives

A.
Ratings



1.
The drive system shall be 96% efficient at full load and full speed and 95.5% efficient at 51% load and 80% speed. Losses to be utilized in drive system efficiency calculation shall  include input transformer, harmonic filter and power factor correction if applicable, VFD converter and output filter if applicable.  Auxiliary controls,  such as internal VFD control boards, cooling fans or pumps, shall be included in all loss calculations.


2.
Rated Input Power:  380, 415 Volts 50 Hz, 460 Volts 60 Hz (choose one), +10%, -10% (at rated load), 3-phase. 




a.
Voltage Dip Ride-Through: VFD shall be capable of sustaining continued operation with a 40% dip in nominal line voltage. Output speed may decline only if current limit rating of VFD is exceeded.




b.
Power Loss Ride-through: VFD shall be capable of a minimum 3 cycle power loss ride-through without fault activation.



3.
Output Power             HP,             RPM (380, 415, 460V) motor voltage             50/60 Hz.  Motor current _________ Amps.



4.
Ambient Temperature Range:  0 to 40°C.



5.
Elevation:  Up to 3300 feet (1000 meters) above MSL without derating.



6.
Atmosphere:  Non-condensing relative humidity to 95%.



7.
AC Line Frequency Variation:  +/- 3 Hertz.



8.
Power Unit Rating Basis:  110% rated current for one minute, at rated temperature for variable torque applications.  150% rated current for one minute, at rated temperature for constant torque applications.

B.
Construction


1.
The controller shall produce an adjustable AC voltage/frequency output. It shall have an output voltage regulator to maintain correct output V/Hz ratio despite incoming voltage variations.


2.
The controller shall have a continuous output current rating of 100% of motor nameplate current.



3.
The converter section shall be 6-pulse utilizing diodes. 


4.
The inverter output shall be generated by IGBTs. Pulse Width Modulation strategy will be of the space vector type implemented to generate a sine-coded output voltage.  The VFD shall not induce exces​sive power losses in the motor.  The worst case RMS motor line current measured at rated speed, torque and voltage shall not exceed 1.05 times the rated RMS motor current for pure sine wave operation.



6.
The controller(s) shall be suitable for use with any standard NEMA-B squirrel-cage induction motor(s) having a 1.15 Service Factor or with existing standard NEMA-B squirrel-cage induction motor(s) with name​plate data as shown on the plans. The drive can be located up to 300 feet from the motor without requiring special cabling or separate motor protection devices.  If special cabling or separate motor protection devices are required, they shall be supplied by the VFD supplier at the VFD manufacturer’s expense.  At any time in the future, it shall be possible to substitute any standard motor (equivalent horsepower, voltage and RPM) in the field.



7.
The control logic section shall be fully digital and not require analog adjustment pots or fixed selector resistors. A power failure will not necessitate a reload of any drive parameter or configuration.


C.
Basic Features



1.
The door of each power unit shall include a keypad with a manual speed device, a mode selector  marked "Manual / Automatic", a "POWER ON" light, a VFD fault light, a VFD "RUNNING" light, manual start pushbutton, manual stop pushbutton and fault reset pushbutton.



2.
The VFD shall include a customer selectable automatic restart feature. When enabled, the VFD shall automatically attempt to restart after a trip condition resulting from instantaneous overcur​rent, overvoltage, out of saturation or overload.  For safety, the drive shall shut down and require manual reset and restart if the automatic re​set/restart function (programmable for up to 9 attempts) is not successful within a customer programmable time period. Auto-Restart shall be programmable to allow for individual fault selection.


3.
A door-mounted membrane keypad with integral 2-line, 24 character LCD display shall be furnished, capable of controlling the VFD and setting drive parameters. The keypad shall include the following features:




a.
The digital display must present all diagnostic message and parameter values in English engineering units when accessed, without the use of codes.




b.
The digital keypad shall allow the operator to enter exact numerical settings in English engineering units.  A plain English user menu (rather than codes) shall be provided in software in nonvolatile memory as a guide to parameter setting and resettable in the field through the keypad.  Nine (9) levels of password security shall be available to protect drive parameters from unauthorized person​nel.  The drive set up parameters must be able to be transferred to new boards to reprogram spare boards.




c.
The following digital door-mounted keypad indications may be selectively displayed:





 1.
Speed demand in percent.





 2.
Output current in amperes.





 3.
Output Frequency in hertz.





 4.
Input voltage.





 5.
Output voltage.





 6.
Total 3-phase KW.





 7.
Kilowatt hour meter.

                      

 8.
Elapsed time running meter.





 9.
RPM.





10.
DC bus voltage.



d.
VFD shall have the capability of communicating via an RS-232, RS-422, or RS-485 port.




e.
VFD shall have integral Modbus or Metasys communication capability.




f.
VFD parameters, fault log and diagnostic log shall be downloadable via the RS-232, RS-422, or RS-485 port.



4.
VFD will support an integral PID algorithm.

D.
Enclosure


All VFD components shall be factory mounted and wired on a dead front, grounded, NEMA-1 enclosure.  If a free-standing enclo​sure is provided, it shall be suitable for mounting on a concrete housekeep​ing pad.


E.
Protective Features and Circuits



The controller shall include the following alarms and protective features:



1.
Instantaneous overcurrent and overvoltage trip.



2.
Undervoltage and power loss protection.



3.
Power unit overtemperature alarm and protection. Upon sensing an overtemperature condition, the VFD is to automatically trip.



4.
Electronic motor inverse time overload protection.



5.
Responsive action to motor winding temperature detectors or thermo​static switches.  A dry contact (NC) input to the VFD is required.



6.
When power is restored after a complete power outage, the VFD shall be capable of catching the motor while it is still spinning and restoring it to proper operating speed without the use of an encoder.

   

7.
The VFD shall be protected from damage due to the follow​ing, without requiring an output contactor:  




a.
Three-phase short circuit on VFD output terminals.




b.
Loss of input power due to opening of VFD input disconnect device or utility power failure during VFD operation.




c.
Loss of one (1) phase of input power.



8.
The VFD shall continue to operate at a reduced capacity under a single-phase fault condition.



9.
The VFD shall be able to withstand the following fault conditions without damage to the power circuit components:




a.
Failure to connect a motor to the VFD output.




b.
VFD output open circuit that may occur during opera​tion.




c.
VFD output short circuit that may occur during operation.



F.
Parameter Settings



1.
The following system configuring settings shall be provid​ed and field adjustable, without exception, through the keypad/display unit.  Except for Motor Nameplate Data, all parameters must be adjustable while the processor is on-line and the drive is running.




a.
Motor Nameplate Data.





1.
Motor frequency.





2.
Number of poles.





3.
Full load speed.





4.
Motor volts.





5.
Motor full load amps.





6.
Motor HP.





7.
Current limit, max.




b.
VFD Configuration Parameters.





1.
Independent accel/decel rates.





2.
Max/Min speed (frequency).





3.
Catch-a spinning load selection.





4.
No load boost.





5.
Full load boost.





6.
Volts/Hertz ratio.





7.
Overspeed trip.





8.
Overload trip curve selection.





9.
Overload trip time selection.




c.
VFD Automatic Control.





1.
PID utilizing an internal or external setpoint.





2.
3 selectable critical speed avoidance bands with programmable bandwidths.





3.
Auto start functions:  On/Off, Delay On/Off.  Operable from a 4-20mA signal or from the PID output, command, or feedback signal.





4.
Speed Profile:  Programmable entry and exit points.








    Programmable entry and exit speeds.






5.
Programmable loss of signal control:  Stop, maintain last 






































speed, or default to preselected setpoint. 



2.
All drive setting adjustments and operation parameters shall be stored in a parameter log which lists allowable maximum and minimum points as well as the present set values.  This parameter log shall be accessible via a RS-232, RS-422, or RS-485 serial port as well as on the keypad display.


G.
Input/Output Features


1. 
Two programmable analog inputs 
(0-20mA/0-10V isolated).


2.
Two programmable analog outputs (0-20mA isolated).


3.  
Seven programmable digital inputs (24VDC).


4.  
Three programmable digital outputs (form C, dry contact relays).


5.  
One Pot input (three wire control, +10 V, wiper and common).


6.  
System Program providing built-in drive control or application specific configuration capability.

7.
One system E-Stop input (dry contact).


H.
Diagnostic Features and Fault Handling



1.
The VFD shall include a comprehensive microprocessor based digital diagnostic system which monitors its own control functions and displays faults and operating conditions.



2.
A “Fault Log” shall be accessible via a RS-232, RS-422, or RS-485 serial link as well as line by line on the keypad display.  The "FAULT LOG" shall record, store, display and output to a serial port upon demand, the following for the 64 most recent events:  




a.
Date and time of day.




b.
Type of fault.




All faults and events shall be stored and displayed in English, not fault codes.



3.
A "HISTORIC LOG" shall record, store, and output to a RS-232, RS-422, or RS-485 serial link port upon demand, the following selectable control variables at 1 msec. intervals for the 58 intervals immediately preceding and the 20 intervals immediately following a fault trip:

 


a.
Torque demand.




b.
Torque command.




c.
Torque feedback.




d.
Torque error.




e.
Torque maximum.




f.
Current demand.




e.
Peak current.




g.
Motor current.




h.
DC bus voltage.




i.
Line voltage.




j.
Velocity demand.




k.
Velocity reference.




l.
PI min/max limit.




m.
Boost.




n.
VFD mode (Auto/Manual).


2.03
Drive Options

Provide the following options/modifications to the VFD.  All special features shall be factory mounted and wired within the VFD enclosure unless otherwise specified.


A.
Pressure transducer in the VFD enclosure to convert a 3-15 psi pneumatic signal to an electrical signal for automatic speed control.  


B.
Constant speed bypass shall be provided to allow the motor to run across the line in the event of VFD shutdown.  The transfer from the VFD to the line shall be accomplished manually by means of a selector switch.  The bypass circuitry shall be separately enclosed in a NEMA-1 compartment or cabinet from the VFD.



The bypass cabinet shall include a door-interlocked input circuit breaker or fused disconnect switch, a UL rated VFD isolation contactor, and a NEMA rated full-voltage starting contactor (both contactors electrically inter​locked), a thermal overload relay to provide motor protec​tion, and a control power transformer.  Mounted on the cabinet door shall be the bypass selector switch, motor fault light, power "ON" light, motor "ON" VFD light, and motor "ON LINE" light.


C.
Output line reactor for motor cable lengths in excess of 300 feet.

3.0
EXECUTION

3.01  Factory Testing

A.
The VFD manufacturer shall provide as a minimum, the following quality assurance steps within his factory:



1.
Incoming inspection of components and raw materials based on strategic supplier base and experience.  Sampling plans based on MIL STD 105E.

2. MIL STD 45662 calibration system.



3.
All products subject to 100% testing and final inspection; no sampling plans permitted.


3.02  Startup and Training
A.
VFD manufacturer shall provide the services of a factory technician for startup assistance and training.


3.03  Spare Parts

A.
The following spare parts shall be furnished:



1.
Three of each type of fuse rated 460V or less.



2.
Two of each type of converter power semiconductor.



3.
Two of each type of inverter power semiconductor.



4.
Five of each type of panel lamp.



5.
One of each type of control printed circuit boards and gate firing boards.



6.
One keypad assembly.






