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[bookmark: _Toc219094733]1.1 Scope
This specification shall cover SmartD Clean Power VFD, Variable Frequency Drives (VFD’s). All specifications within apply except where noted.
[bookmark: _Toc219094734]1.2 Applicable rules and standards
The VFD shall comply with the following:
A. National Electric Manufacturers Association (NEMA) Safety Standards for Construction and Guide for Selection, Installation, and Operation of Adjustable Speed Drive Systems.
B. Underwriters Laboratory approval (cULus) as per UL61800-5-1
C. International Electrical Code. IEC61800-5-1 and amendment 1
D. EMC emissions IEC 61800-3, Environment 2 category C3 
E. EMC immunity IEC 61400-4 -2, -3, -4, -5, -6, -11, -34
F. Harmonics: IEEE519
G. IEC 61800-2, Adjustable speed electrical power drive systems-General requirements – Rating specifications for low voltage adjustable frequency AC power drive systems.
H: CE mark: 
1. Low Voltage Directive, 2014/35/EU (LVD), 
2. Electromagnetic Compatibility Directive 2014/30/EU (EMC)
3. Ecodesign Directive EU 2019/1781
4. Restriction of Hazardous Substances (RoHS2) Directive 2011/65/EU.
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[bookmark: _Toc219094736]2.1 General
This specification covers AC adjustable speed drives for industrial applications.
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A. Overall hardware design shall be designed for maximum flexibility, robustness, serviceability, and reliability.
B. Power Terminations shall be sized for the current rating and allow for flexibility and ease of
connection on all power terminations.
C. All VFD ratings shall contain a minimum of two ground termination points.
D. Power Terminations shall be clearly labeled with both the US (NEMA) standards (L1, L2...T2) and IEC standards (R, S…W).
E. The VFD shall employ the latest technology in electronic power components, packaging, heat sink design, and cooling to minimize overall size and weight without degrading performance or functionality.
F. Standard VFD enclosure shall be rated NEMA Type 1 / IP 20
G. Power Semiconductor heat sinks contain one or more thermal sensors monitored by the Microprocessor to prevent semiconductor damage caused by excessive heat or fan loss.
H. All frame sizes of the VFD shall come with an electronic Human Machine Interface (HMI).
I. Conformal coating shall be used at least on the critical areas of the printed circuit boards.
J. Glands for cables in and out shall be embedded to insert power and control cables.
K. A safety protection cover shall be screwed onto the VFD housing to prevent access to live parts.
[bookmark: _Toc219094739]2.2.2 Environment
A. The VFD shall be capable of operating in the following ambient conditions without de-rate:
 -15 to +50 °C (50 °C to 60° C with de-rate).
B. Not to be exposed to direct sunlight.
C. Environment to be free of corrosive and explosive gases.
The VFDs must be rated for the following conditions.
1. Chemical pollution resistance class 3C3 conforming to EN/IEC 60721-3-3
2. Dust pollution resistance class 3S3 conforming to EN/IEC 60721-3-3
D. Relative humidity: 5…95 % without condensation conforming to IEC 60068-2-3
E. Operations Elevation Limits: 2000 meters (3300 ft.) without de-rate.
F. The VFD shall not suffer any adverse effects from long-term storage in the following ambient environmental conditions:
1. Ambient temperature: -40 to +70 °C
2. Relative humidity: 5 to 95% without condensation per IEC 60068-2-3
3. Elevation: to 5000 meters
[bookmark: _Toc219094740]2.2.3 Input Power
A. The VFD input shall be designed for energy supply WYE solidly grounded / TT and TN systems.
A. The VFD main input power shall be rated:
1. Three-phase 400VAC to 480VAC 50/60Hz
2. Three-phase 600VAC 50/60Hz
B. The VFD shall have an input voltage tolerance of -15% / +10% of the rated input voltage. 
C. The VFD shall have an input frequency tolerance of ± 5% of the rated input frequency.
D. The efficiency of the VFD shall be at least 96.0% at full load at full speed, as per IEC 61800-9-2
E. The VFD, seen as Complete Drive Module (CDM), shall be of IE class 2 (or better) as per IEC6800-9-2
F. The VFD shall have a displacement power factor greater than 0.98 (lagging) over the entire speed range.
G. Harmonics: The VFD shall not generate current distortions (THDi) greater than 3 percent (3%) at load levels of 50% or greater
H. The VFD shall be tested and rated for 50 kA SCCR or greater, RMS Symmetrical, 600V max.
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A. The VFD must employ an embedded full three-phase Active Front End (AFE) rectifier to convert input AC power to DC. The arrangement will make use of a soft charge resistor and contactor/relay to prevent excessive inrush current on the DC bus.
B. The embedded AFE regenerates power to the line when the motor acts as a generator.
C. The VFD input shall be insensitive to the input phases sequence.
D. The VFD shall have an input phase loss fault.
E. The converter section is usable on either 50 Hz or 60 Hz distribution systems.
[bookmark: _Toc219094742]2.2.5 DC Bus Section
A. Overall DC Bus design is a passive capacitive filter or a capacitive and inductive filter to minimize ripple and maximize power-loss ride-through.
B. The DC bus voltage is monitored by the control section to prevent damage to either the VFD or the driven equipment.
C. The DC bus design shall be designed with capacitors that do not require reforming.
D. A readily visible LED shall indicate when DC voltages are present on the bus.
[bookmark: _Toc219094743]2.2.6 Inverter Section (output)
A. The inverter section shall make use of the latest generation of wide band gap transistors, such as Silicon Carbide (SiC) MOSFET transistors to convert DC voltage to a three-phase, variable voltage, variable frequency, and sinusoidal waveform.
B. The VFD shall have software and hardware designed to avoid reflected waves caused by long cable lengths.
C. The VFD’s output inverter section shall output a clean sine wave without the need to any dv/dt filter or sine wave filter.
D. All inverter section SiC MOSFETs must be sized to allow the VFD to operate in the following conditions.
1. Continuous at rated Current in rated environment conditions (temperature, altitude, humidity)
2. Current Overload for 60 Seconds: 110% of normal duty rated current in normal duty operation.
3. Current Overload for 60 Seconds: 150% of heavy duty rated current in heavy-duty operation.
E. The inverter section shall be capable of sensing and interrupting a phase-to-phase or phase-to
ground fault on the output of the VFD.
F. The output voltage shall be adjustable from 0 to rated input voltage. The output frequency range
shall be adjustable for a maximum frequency output of 120 Hz.
G. The VFD shall allow the use of motor cable lengths up to 15000 feet (45000 m) without using a mitigation filter and without generating any disturbance or early failure of the motor.
H. The VFD output 3-phase sine wave shall be balanced and shall not create any common mode voltage to the motor’s parasitic capacitances.
[bookmark: _Toc219094744]2.2.7 Motor Control Section
A. The control section of the VFD shall provide complete operational control of the application while also offering monitoring and protection of the VFD itself.
B. The VFD shall attempt to protect itself from damage and fault conditions in any situation regardless of end-user programming.
C. The VFD shall employ the latest algorithms to operate a variety of applications in either constant
or variable torque modes using Volts/Hertz control and Flux Oriented Control modes
1. Constant torque
2. Variable torque
3. Automatic torque boost
4. Sensor-less vector control 
5. Encoder feedback vector 
D. The microprocessor logic circuits shall be isolated from power circuits.
E. Microprocessor diagnostics are performed (on the application of power) to prove the functionality and viability of the microprocessor.
F. The VFD shall be capable of being configured to perform motor diagnostics at operation or when power is applied to prevent damage to the VFD due to a grounded or shorted motor.
G. Operating system firmware shall be capable of upgrading should enhancements to the operating system firmware become available.
H. All VFD shall be equipped with 2 ethernet ports, with RJ45 connectors:
1. For Modbus TCP functions
2. For BACnet IP functions 
[bookmark: _Toc219094745]2.2.8 Human Machine Interface (HMI)
A. The VFD shall be supplied with a touchscreen keypad HMI that may be used for monitoring and operation of the VFD.
B. The HMI shall consist of a touchscreen display along with input buttons for navigation and control
C. For security, the HMI functionality and access may be limited and password protected preventing an unauthorized user from accessing parameters, functions, or monitoring.
D. For lifetime enhancement, the HMI shall embed a screensaver function.
E. The VFD shall not require the HMI for normal operations when control is via the local inputs/outputs (I/Os) control terminal or communications.
F. Optional cable and mounting kit shall allow for remote mounting of the HMI on panels.
G. The HMI shall be lockable with PIN code protection.
[bookmark: _Toc219094746]2.2.9 Application software for smartphone
A. The VFD shall be programmed, monitored, and controlled via a dedicated application running on Android and iOS smartphones.
B. For security, the application functionality and access may be limited, and password protected preventing an unauthorized user from accessing parameters, functions, or monitoring.
C. The smartphone application employs a guided and easy programming mode that can be used to program step by step.
D. The smartphone application shall interface with humans in plain text / natural language, without any code for parameters whatsoever.
E. The Smartphone application shall allow the user to create VFD’s settings without being connected to a VFD.
F. The Smartphone application shall be able to connect to VFD (to execute settings or download, monitor, and control) either via Wi-Fi or Bluetooth.
G. The control feature of the HMI shall be disable-able.
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A. The HMI and Smartphone application monitoring section (dashboard) shall allow real-time monitoring of the following details of the VFD
1. Direction of rotation
2. Digital and analog input terminal status
3. Information on the most recent faults.
4. Cumulative run timers (resettable) of the VFD, the motor, and the cooling fans.
5. Number of starts
6. Maintenance alarm (with acknowledge and reset functions)
7. Output frequency, speed, and torque depending on the control mode
8. Frequency, velocity, torque setpoint
9. Display the electrical values, powers, voltages, currents, and DC bus.
10. Display VFD cooling status
11. Speed feedback
12. PID feedback value
13. PID setpoint
14. Sleep and wake status if set in the user application
B. The VFD shall store the most recent faults in its memory. They can be displayed on the HMI or the Smartphone App.
C. The HMI and Smartphone application shall allow the user to control the operation of the VFD (start/stop, setpoint, rotation direction).
D. The Smartphone application shall allow the user to generate a file containing time-stamped events.
E. The HMI and Smartphone applications show VFD’s fault, parameter information, and warranty registration, which will provide immediate access to a dedicated web link for troubleshooting.
F. The HMI and Smartphone applications shall be capable of multiple languages.
[bookmark: _heading=h.44sinio]G. The VFD shall utilize an embedded programmable real-time clock (RTC) with an embedded backup of 24 hours. The RTC backup duration shall be extendable with a battery type CR2032.
H. The HMI shall have the ability to adjust contrast settings.
I. The HMI shall have an automatic time-out adjustment setting.
J. By default, the HMI shall turn into an eye-catching color depending on its state. Color coding shall be obvious to the user for pairing status, alarm status, running status, and updating status.
K. The Smartphone application shall have a function for saving parameters for later sharing, downloading, and duplicating.
[bookmark: _Toc219094748]2.2.11 Control Wiring Terminals
A. The standard control terminals blocks (CTB) shall contain all necessary terminals for complete control and monitoring of the VFD during typical operation.
B. The CTB shall make all control wiring on the VFD accessible via a single access panel.
C. The CTB shall, at a minimum, contain the following terminals:
1. Six multifunction digital (discrete) inputs,
independently configurable for any of the VFD’s functions.
1. Sink or source logic selectable by software.
2. Normally open/closed operation selectable via software.
3. 2 of the discrete inputs shall have incremental encoder feedback ability.
2. One multifunction, discrete, form C (SPDT), relay contact output 
programmable to any of the VFD’s functions.
1. Normally open/closed operation selectable via software.
2. Contacts rated for 250VAC, 5A or 30VDC, 5A - resistive load.
3. Two multifunction, discrete, form A (NO), relay contact outputs, 
programmable to any of the VFD’s functions.
1. Normally open/closed operation selectable via software.
2. Contacts rated for 250VAC, 3A or 30VDC, 3A. – resistive load.
5. Three multifunction, analog inputs. Settable as 0..10Vdc, 0..20mA, 4..20mA, 
or impedance to connect PTC temperature sensor.
6. Two multifunction analog outputs. Settable 0 – 10Vdc or 4 – 20mA, 
programmable to any of the VFD’s functions.
7. One 24VDC (20% .. +20% ) / 100mA power supply output.as auxiliary power for digital inputs. This power output shall be protected against short-circuits.
8. One 24VDC (20% .. +20% ) power input for connecting external power supply. 
This power input shall be protected against reverse polarity and overvoltage. 
9. One 10VDC (10mA) reference power supply output for analog inputs. 
This power supply output shall be protected against short circuits
10. Two discrete inputs with their hardware circuit shall be designed to perform a torque deactivation function
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The VFD shall be capable of automatic tuning of motor parameters through measurement of the motor without and with rotation and without the need to disconnect the load from the motor.
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A. The VFD shall be UL61800-5-1 listed for use on distribution systems. 
B. The VFD shall have coordinated short circuit ratings designed to UL 61800-5-1.
C. The VFD shall withstand power interruptions both long-term and short-term with voltage <50% of Vn compliant with IEC 61000-4-11 and -34.
D. The VFD shall withstand voltage dips or Sag with 50% Vn … 85% Vn compliant with IEC 61000-4-11 and -34.
E. The VFD shall be protected against short circuits, between output phases and ground and the logic and analog outputs.
F. The VFD shall have a selectable low-voltage ride-through (LVRT) function that will allow the logic to maintain control for a minimum of one second without tripping.
G. The deceleration mode of the VFD shall be user-programmable and automatically modified to avoid trip conditions. 
I. The stop modes shall include freewheel stop, ramp down to stop.
J. The VFD shall integrate protection against Output Power transistors and heat sink over temperature.
K. The VFD shall have solid-state motor thermal protection that meets UL 508C as a Class 10 overload protection and meets IEC 947. 
L. The VFD shall be able to protect the motor when temperature probes are connected.
M. The VFD shall provide Output Power transistor protection 
1. SiC overcurrent protection
N. The VFD shall provide VFD Current Output protection:
1. Phase short circuit protection
2. Ground protection
3. Over-current protection
O. The VFD shall provide VFD Voltage error protection
1. Mains over-voltage warning
2. Mains under-voltage warning
3. DC Bus over-voltage protection
4. DC Bus pre-charge protection
P. The VFD shall provide VFD Thermal protection
1. VFD high temperature alarm 
2. VFD over-temperature protection
3. Cooling fans not operating as expected
Q. The VFD shall provide internal error detection.
R. The VFD shall provide Motor protection functions
1. Motor output phase detection
2. Motor overload detection
3. Motor stall protection
S. The VFD shall provide Application protection functions
1. Start on the fly function.
2. Mains input phase lost protection
3. Motor over-speed input protection
4. Current limitation
5. Power limitation
6. Reverse inhibition 
7. Under-load protection
8. Over-load protection
9. Loss of analog input signal
10. Thermal Sensor management
11. PID Feedback
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A. The VFD shall be capable of accepting independent commands and setpoints reference signals from: 
1.	Terminals
2.	HMI
3.	Ethernet port
4.	SmartPhone application
B. The VFD shall allow the use to define local and remote command and speed reference with a logic function to disable remote control when local is enabled
C. The VFD shall provide a setpoint function capable of:
1.	Maximum output function
2.	Low and High setpoint scaling and limitation function
3.	Preset-speed references function
D. The VFD shall have 4 acceleration and 4 deceleration, time adjustable ramps capable of:
1.	Single linear ramp up and ramp down
2.	Ramp selection
2.	Ramp Deceleration adaptation
3.	Multi segments ramps (up to 4 ramps up and 4 ramps down)	
E. The VFD shall provide a Stop function capable of:
1.	Freewheel stop
2.	Stop on deceleration ramp with adaptation	
F.  The VFD shall have a selectable automatic restart function that restarts the motor from zero speed after a fault or a power loss, provided safety and the absence of faulty conditions are met.
G. The VFD shall detect voltage dips and dynamically adjust operations to maintain motor control using a Low Voltage Ride Through (LVRT) feature.
H. The VFD shall detect the speed and rotation direction of a motor already in motion and seamlessly bring it under VFD control using a scan restart function.
G. The VFD shall allow the user to define limits when the control mode requires. Covering:
1. Motor torque limits
2. Motor speed limits
3. Motor current limits
4. Motor power limits 
H. The VFD shall provide users with a settable automatic restart feature.
I. The VFD shall include a pre-magnetization feature to ensure the highest possible breakaway torque.
H. A user-settable spinning direction feature shall allow to define the VFD behavior in case of simultaneous forward and reverse commands.
I. Zero speed condition: the VFD shall allow users to configure the VFD's behavior when the speed setpoint falls below a user-defined minimum speed.
J. To maximize the torque output for a given amount of current, the VFD shall optimize energy. consumption leveraging technology such as Maximum Torque per Ampere (MTPA).
K. A PID controller shall be embedded in the VFD. It shall give the user access to:
1. Definition and scaling of the process setpoint and the process feedback,
2. P, I, and D parameters,
3. The selection of operating mode reverse or direct,
4. The deadband value,
5. The compensation parameters,
6. a sleep/wake feature,
7. the capability to bypass the PID function and force the output of the VFD.
K. For maintenance and commissioning purposes, the VFD shall be switchable into an Out of Service (OOS) mode, disabling frequently triggered alarms.
L. An emergency fire mode (EFM) shall be embedded in the VFD to override its usual control setting with a user-preset operating mode.
M. An interlock / Motor disable function shall be user-settable to deactivate the VFD’s power output.
N. For damper control in HVAC application, the VFD shall embed a function to control fans upon air damper position. This function shall be delivered with protections and alarms for Damper malfunction
O. User-defined external alarms
[bookmark: _Toc219094752]2.3.3 Maintenance and support
A. The VFD shall be able to record time-stamped events
B. The VFD shall be able to export a file containing time-stamped events
C. The cooling fans shall be replaceable by the users when they reach their statistical end of life.
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