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While every effort has been made to ensure the accuracy and completeness of the information contained in these
application notes, SmartD makes no warranty, expressed orimplied, including warranties of merchantability or fitness
fora particular purpose. In no event will SmartD be liable to any party for any direct, indirect, special, or other
consequential damages for any use of these application notes.

The user must exercise caution and follow all safety protocols when working with VFDs. This includes but is not limited
to, wearing appropriate personal protective equipment (PPE), disconnecting power before working on equipment, and
adhering to all applicable local and national electrical codes.

These application notes should not be used as a substitute for professional engineering advice, inspection, or
consultation. The useris solely responsible for ensuring that any practices, installations, or actions taken based onthese
application notes meet all safety and operational requirements.

By using these application notes, the user agrees to indemnify and hold harmless SmartD from and against all losses,
expenses, damages, and costs, including reasonable attorneys' fees, resulting from any violation of this disclaimer or
any activity related to the user's account (including negligent orwrongful conduct) by the user or any other person
accessing these application notesusing the user'saccount.

SmartD reserves theright to make changes to these application notes at any time without notice. It is the user's

responsibility to ensure they are following the most recent version of these application notes.

Application Overview

This application note provides a step-by-step guide to implement HYAC fan and damper control using the Clean Power
VFD’s embedded Damper functionality.

It covers how to wire and configure Clean Power VFD.

HVAC Fan & Damper Control

In HVAC systems, damperintegration with VFDs is a common approach to achieve precise control of airflow and
maintain energy efficiency. This setup typically involves VFDs controlling fan motors while dampers regulate the airflow
within ductwork, allowing the system to adjust to fluctuating heating, cooling, and ventilation demands.

This combination of VFD and damperintegration in HVAC is a widely adopted strategy for reducing operating costs,
enhancing control, and improving the overall sustainability of building systems.

Safety complianceis the responsibility of the user, not the VFD manufacturer.
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Software Compatibility

Please make sure to update your Clean Power VFD's firmware to version 2025.04.00 or later to use the fan & damper
control functionality.

You can find the link to download the firmware in the latest release notes on the SmartD Help Center.

Key Aspects of Damperand VFD Integration
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Control and Communication

VFDs can be programmed to operate in response to signals from the building automation system (BAS), programmable
logic controller (PLC), sensors, ordirectly from the dampers. Forexample, as the damper opens to increase airflow, the
VFD adjusts the fan speed to meet the demand. Similarly, if the damper closes, the VFD slows the fan motor down,
conserving energy.

Often, a PIDloopisusedto control the fan speed based on input from pressure or airflow sensors, ensuring consistent
airflow and reducing unnecessary energy use. Usage of embedded PID is not covered in this application note.

Pressure Control

Many HVAC systems are designed to maintain a certain static pressure within the ducts. As dampers open and close,
this pressure canvary. The VFD adjusts fan speed to maintain optimal static pressure, enhancing comfort while avoiding
excessive strain on components.

Using VFDs and dampers together provides better control over pressure fluctuations, reducing the likelihood of air

leaks and duct damage.
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Energy Efficiency
Integrating VFDs with dampers can significantly reduce energy consumption in HYAC systems. By modulating fan
speed according to the actualdemand, energy wastage from fans running at full speed is minimized.
Energy savings are especially notable in variable air volume (VAV) systems, where demand for airflow varies throughout
the day. The VFD reduces motor speed in line with the reduced airflow requirements when certain zones or areas require
less ventilation.
Reduced Wear and Tear
With dampers and VFDs working together, the system avoids unnecessary strain on motors and fans, as it operates only
at the required speed. Thisleads to less wear on the components, potentially extending their operational lifespan.
Additionally, VFDs provide smootherramp-up and ramp-down, reducing sudden changes in fan speed that could
otherwise cause mechanical stress onthe HVAC system.
Enhanced Control Options
The integration allows foradvanced HVAC zoning, where dampers control airflow to specific areas while the VFD
modulates fan speed according to demand. This setup supports precise temperature and ventilation control in
different zones.
Itis also possible to link VFD control to environmental or occupancy sensors, enabling further energy savings by
reducing airflow inunoccupied areas.
Applicationsin HVAC Systems
« Commercial Buildings
VFD-damperintegrationis commoninlarge commercial buildings where varying airflow is needed across
multiple zones.
o Industrial Facilities
In spaceswhere ventilation requirements fluctuate, thisintegration helps maintain air quality and regulate
temperature effectively.
o DataCenters
Precise airflow controlis critical for temperature-sensitive environments like data centers, where VFD-damper

setups ensure reliable cooling at optimal efficiency.
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Simple Fan and Damper Start Sequence using /O
The Clean Power VFD provides natively damper controllogic using I/O, reducing cost that is associated with external
control hardware and software.
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(1) The fan command is wired directly into one of the Clean Power VFD’s digital inputs. The digital input indicates a start
fancommand.

(2) The VFD usesi its configured output relay to energize the relay that opens the damper.

(3) The damper limit switch is wired back to another Clean Power VFD’s digital input providing indication that the damper
isin the proper position, and itis safe to start the fan.

(4) Once the damper-opened statusis confirmed, the VFD accelerates the fan to its setpoint speed.
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Stop fanand damper control with I/O
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(1) The fan command digital input indicates a stop fan command.

(2) The Clean Power VFD decelerates and stops the fan.

(3) Once the fanis stopped, the Clean Power VFD uses its configured output relay to de- energize the relay that closes
the damper.

(4)The damperlimit switch indicates that the damperis closed.

Fanand Damper Controlusing I/0O Sequence Diagram

The flow diagram 1below provides the control sequence from the fan command from the digitalinput DI1to start or stop
the fan, the relay R1to openthe damper and the damperlimit switch feedback wired to digital input DI2 to indicate the
damper position.
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Flow diagram 1

Manual Fan & Damper Start Sequence using HMI
When the Clean PowerVFDisinlocal controlmode, the HMI's Start and Stop buttons can be used to perform the same
fan and damper control sequence.

Start fan and damper control with HMI
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(1) Pressing onthe HMI's Start buttonissues a start fan command.

(2) The Clean Power VFD uses its configuredrelay to energize the relay that opens the damper.
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(3) The damper limit switch is wired back to another Clean Power VFD’s digital input providing indication that the damper
isin the proper position, and itis safe to start the fan.

(4) Once the damper-opened status is confirmed, the VFD accelerates the fan to its setpoint speed.

Stop fan and damper control with HMI
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(1) Pressing onthe HMI’s Stop buttonissues a stop fan command.

(2)The Clean Power VFD decelerates and stops the fan.

(3) Once the fanis stopped, the Clean Power VFD uses its configured relay to de-energize therelay that closes the
damper.

(4) The damper limit switch indicates that the damperis closed.

Fan and Damper Controlusing HMI Sequence Diagram
The flow diagram 2 below provides the control sequence from the fan command from HMI’s Start button to start the fan
and the Stop button to stop the fan, therelay R1to open the damper and the damperlimit switch feedback wired to

digitalinput DI2 to indicate the damper position.
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Using HMI
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Flow diagram 2
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Clean PowerVFD /O Configuration
The Clean Power VFD automatically enables the fan and damper control features when:
e« arelayoutputisassignedfordampercontrol.
o adigitalinputisassignedfordamperlimit switch feedback
Bothrelay and digital input must be assigned to enable the native fan and damper control feature.
Step-by-step mobile configuration

Configuration parameter

211 H
‘n“.:;ﬁp-r eantral v
Assign arelay fordamper control et |
Menu>>Configuration>>Advanced configuration>>1/O's>>Relays HE [Hermally eloss] |
« SelectRlandclick onthe pencil
e Select Dampercontrolinthe Function
e SelectNC (Normally closed)output type
« ClickonDone
BT
P %
[ Damger feedback v
Assign a digitalinput fordamper’s limit switch feedback E—
Menu>>Configuration>>Advanced configuration>>1/O's>>Digital inputs [ High v
s SelectDl2andclickonthe pencil Bbsaaiay
. Select Damperfeedbackinthe Function ek ses.
« SelectHighasoutputtype
e ClickonDone
T
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Diamper open timeout

Tirpama s

Setting damperopen timeout foralarm T
Menu>>Configuration>>Advanced configuration>>Alarms>>Damper control v
« SelectDamperopentimeoutandclick onthe pencil
« Enterthetimeoutinsecondstogenerate analarm if the damperfeedbackinput does
notindicate that the damperis openedin due time
s ClickonDone

Damper close timeout J

Trigger

Tea-guk

Setting damper close timeout foralarm 0
Menu>>Configuration>>Advanced configuration>>Alarms>>Damper control
s SelectDamperclosetimeoutandclick onthe pencil
« Enterthetimeoutinsecondstogenerate analarm if the damperfeedbackinput does
notindicate that the damperisclosed in due time
s ClickonDone

« ClickonSave
« ClickonTransferorPairto connect and transfer the configurationto the VFD

Test the system
Safety Precautions
e« Ensure propergrounding of all electrical components.
« Make sureto have safety barriers and equipment to protect test personnel.
« Make surethatanemergency stopisavailable.
Pre-test setup
« Make sure that the dampercontrol feature is configured and enabled.
« Make sure that the Clean Power VFD’s Digital Input to start the motoris connected to the start/stop control
signal.
o Make surethatthe Clean PowerVFD’s Relay to open and close the damperis connected to the damper.
« Make sure that the damperlimit switch is connected to the Clean Power VFD's digital input.

Damper control test procedure
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Please follow the steps below to test the fan and damper controlimplementation:
Normal operation:

1. Verify control connection: Make sure that all control cables are securely connected to the VFD's inputs and
outputs.

2. Verify the VFD’s configuration: Confirm that arelay is assigned for damper control, and a digital input is
assigned fordamper feedback.

3. Manual testingwith HMI: Put the VFD to local control mode and press on the Start button to validate that the
start fan and damper control sequence are working. Press on the Stop button to validate that the stop fanand
damper control sequenceis working.

4. Testwithl/Os: Switchtoremote |/O control, activate the configured DI to issue the start fan command and
validate that the start fan and damper control sequence are working. Deactivate the configured DI to issue the

stop fancommand and validate that the stop fan and damper control sequence is working.

The Clean Power VFD includes three (3) alarms in the damper control logic.

Damper feedbackindicates damper is closed while the fanis running

While the controlled fanis running and the damper limit switch indicates the damperis closed ora damper feedback
signallost, the Clean Power VFD generates a critical alarm to stop the fanin freewheeling to avoid high or low pressure in
the duct.

Itisrecommended to investigate the possible causes and fix the problem before resetting the Clean Power VFD to put
it backin normal operation.

Damper open timeout

After energizing the configuredrelay to open the damper, the Clean Power VFD starts a timer making sure that the
damperis opened before starting the fan. If the damper limit switch does not indicate that the damperis opened
before the configured damper open timeout, the Clean Power VFD generates a critical alarm.

Itisrecommended to investigate the possible causes and fix the problem before resetting the Clean Power VFD to put
it back in normal operation.

Damper close timeout

After stopping the fan, the Clean Power VFD de-energizes the configured relay to close the damperand starts a timer
making sure that the damperis properly closed. If the damper limit switch does not indicate that the damperis closed
before the configured damper close timeout, the Clean Power VFD generates a medium alarm. Itisrecommended to

investigate the possible causes and fix the problem.
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