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VFD Installation Considerations

Thomas Svoren   Sr Technical Consultant



Rockwell Automation Resources

• DRIVES-IN001 – Wiring and Grounding Guidelines for PWM AC Drives
• DRIVES-AT003 – Industry Installation Guidelines for PWM AC Drives
• 750-IN001 – PowerFlex 750 Drives Installation Instructions
• 520-UM001 – PowerFlex 520 Drives User Manual
• 750-IN100 – PowerFlex 750 Series Products with Total Force Control 

Installation instructions

• GMC-RM001 - System Design for Control of Electrical Noise
• Drives-AT001 - Drives Engineering Handbook 
• Selecting the Best Option for Mounting Low-Voltage AC Drives

• Jeff Raefield, Power Technical Consultant, Rockwell Automation
• EMI Emissions of Modern PWM AC Drives

• IEEE Industry Applications Magazine, Vol. 5, No. 6, November/December 1999, 
pp. 47-81.

• Gary L. Skibinski, Russel J. Kerkman, and Dave Schlegel



Compatible, Reliable, and 
Dependable to Keep Your 

Enterprise Operating



Compatibility of an AC Drive System



Controlling Electro Magnetic Emissions (prevent interference)
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Comparing a 6 pulse drive to an AFE drive
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What a VFD output voltage and current looks like
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Electrical Characteristics of VFD output cable and motor showing 

parasitic capacitance to ground and high frequency common mode current
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A better illustration
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Containing Emissions Using Shield Cable
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VFD Cable Selection

> 200HP

< 200HP
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How do you get the shield connected to the drive?

Good Better
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How about on the motor side of the shield?
https://www.youtube.com/watch?v=MWwaK2ZVebY
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Shield Termination
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Containing Emissions Using Shield Cable
 Click to edit Master text

 Second level
 Third level

 Fourth level

 Fifth level

15

Encoder
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Shield Termination

Hubbell, grounding clamp
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Containing Emissions Using Shield Cable
 Click to edit Master text

 Second level
 Third level

 Fourth level

 Fifth level

17

Encoder
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Containing Emissions Using Shield Cable
 Click to edit Master text

 Second level
 Third level

 Fourth level

 Fifth level

18

Encoder
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Containing Emissions Using Shield Cable
 Click to edit Master text

 Second level
 Third level

 Fourth level

 Fifth level

19

Encoder
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Connecting the shield
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Redirecting Emissions with power jumpers
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What about Active Front End Drives when it comes to power 

jumpers?
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Path of common mode current 

with jumper
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Attenuating Emissions with Common Mode 
Chokes/Ferrite Applied to Signal Cables i.e
Encoders, Analog, Communication

 Cabling – Chapter 6 of Drives-IN001

 Other hardware

 Common Mode Cores/Ferrite Chokes
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Common Mode Noise

What Do Common Mode Chokes Do?
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Reflected Wave and VFD appplications
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 Additional Failures

 12% Bearings

 10% Single phasing



PUBLIC | Copyright ©2023 Rockwell Automation, Inc. 28

Motor Cutaway
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Will Motor be Compatible with AC Drive?
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Will Motor be Compatible with AC Drive?
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Will Motor be Compatible with AC Drive?

Specify and buy Inverter Duty Insulated 
Motors (designed to NEMA motor standard 
MG1 part 31 1992 - 2021)
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Will Motor be Compatible with AC Drive?
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Will Motor be Compatible with AC Drive?

 Cabling – Appendix A of Drives-IN001

 Length

 Symptoms: Motor Failures, Overcurrent Faults
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Bearing Current and VFD appplications
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Bearing failures caused by current is not a new phenomenon.
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Motor Cutaway

Drive End
(DE)

Non Drive 
End
(NDE)
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Parts of the bearing Outer Raceway

Inner Raceway
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Bearing Current Sources and Mechanisms

• Three sources of bearing current
–Electro magnetically induced 

(circulating current)
–Electrostatic coupled (electrical or 

mechanical (ESD))
–Ground source current (back feeding)



PUBLIC | Copyright ©2023 Rockwell Automation, Inc. 40

40

Circulating Current

Magnetically Induced Voltage developed from DE to NDE
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Solution:  Insulated bearing on the Non Drive End
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Circulating Current

Insulated Bearing on NDE bearing prevents circulating current
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Electro Static Coupled
What is Shaft Voltage?  What is Stator to Neutral Voltage?

To Oscilloscope
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Yellow is Shaft Voltage.  Teal is Stator Neutral to Ground 
Normal Shaft Voltage Discharge
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Electrostatic Coupled
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Solution:  Shaft Brush
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Backfeeding Current

Common Mode Current Finds Path Through
1. Motor Bearings

2. Machine (gear box, pillow bearings) 
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Solution:  CM core or reactor on output of drive
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What is ground anyway????!!!!???
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Safety Ground
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Purpose of Ground
• Low resistance to ground or earth to provide a fault return path between 

the fault and the source to lessen a voltage hazard until a breaker or fuse 
opens that disconnects the power source from the fault

• Low resistance path between equipment metal chassis and nearby metal 
structures to minimize personal danger in the event of an electrical fault 
within the equipment.

• Provide the preferred path for a lightning stroke 

• Provide a path for Electro Static Discharge

• Common, low impedance reference plane between electronic devices, 
circuits, and systems

• Reference plane for radio frequency antenna systems
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Grounding and Bonding to Panel  
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AC Drive Panel Layout and Bonding
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Grounding & Bonding Inside the panel

Remove  Paint

Remove Paint
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Can you see whats wrong?
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Input Cabling Recommendations

*Not the same recommendation as 
motor cables. Motor cables must handle 
PWM signals.

In general, the selection of cable for AC 
input power to a drive has no special 
requirements. Some installations may 
suggest shielded cable to prevent 
coupling of noise onto the cable.

Type – Copper Only

Size – differs per drive. See VFD User Manual for each 
specific VFD size.

Shielded or Unshielded - Shielded provides noise 
immunity to EMC standards  (CE, C-Tick, FCC, etc). If 
shielded cable is used the shields must be bonded at both 
ends to provide a continuous path for common mode noise 
current.

Industries - Individual industries may have required 
standards due to environment or experience
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Input Protection Recommendations

Thermal Magnetic Breaker (Acceptable**)

Bussmann  DFJ Drive Fuse (Recommended)

Ferraz Shawmut HSJ Fuse (Recommended)

**See Slide 13 for details
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Are Circuit Breakers an Option?

Input Protection Sizing

• Circuit Breakers must be used with the specified fuses to be compliant 
with the UL61800-5-1 (2nd ed.) and EN61800-5-1:2007 specifications

• All drives designed after 2/1/2020 must comply (e.g., 755TS/R/L/M)

The UL 61800-5-1 Specification  [Link Here]

UL 61800-5-1 harmonizes the requirements for the safety and design of low-voltage 
drives and replaces the UL 508C specification. The incentives for development of the 
new UL specification include: 

• Creates a unified global requirement for the safety and design of low-voltage (LV) drive 
products.

• Design, testing and certification of new drive products is simplified, which previously 
mandated compliance with requirements based on geography: 

o Marking UL 508C for UL for drive applications in North America

o Marking EN / IEC 61800-5-1 for CE typically for drive applications in Europe and the rest of the 
world, since both these UL and IEC standards were vastly different

• And ultimately, to help create a single design of low-voltage drive products that can be used 
globally without additionally requiring another certification based upon the geographic 
location where the drive is installed and used.

• All PowerFlex 755T drives are designed and built to meet these new requirements
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From 750-TD104
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How do I know if I need Impedance (add a line reactor)? (non regen 

drives)

1

Installation site has 
switched power factor 
correction capacitors.

2 3

4 5

Installation site has 
reoccurring lightning 

strikes or voltage spikes 
in excess of 6000V Peak.

Installation site has 
power interruptions or 

voltage dips in excess of 
200VAC.

Voltage unbalance trips
The transformer is too 
large in comparison to 

the drive. General rule is 
if the transformer is more 
than 10x the capacity of 

the VFD. See calculation:
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Sample Calculation of Impedance
From DRIVES-IN001

For a more 
accurate portrayal 
of impedance

You can add the impedance 
of the cable from the 
transformer to the drive. It 
can add another 5-20 ohms 
to the transformer.
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For more information, reference Knowledgebase ID QA76145

PowerFlex 755T (L/R/M) – Line Reactor Required? (AFE drives)
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What to do if a line reactor is added in front of an AFE
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Power Source Considerations with 755T – Setup

• KVA:  must be equal to or greater than drive KW rating

• Primary Voltage

• Secondary Voltage

• % Impedance

• Grounding (SOLIDLY GROUNDED PREFERRED!)
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What is Capacitor Resonance?
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Harmonics

Resonance due to 
external nonlinear loads 

Resonance due to interaction 
between the LCL filter and the 
converter  

External Non-Linnear Loads:
DC Drive, AC Drive, other AFE, MV drives, etc.
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Why is it a Problem?

• If filter capacitors get hot it reduces their useful life could lead to unplanned down time (early 
failure).

• Typically, an AFE drive is part of a lineup or a critical system. Unplanned down time… not good.

• We protect the LCL filter capacitors:

• To ensure product longevity

• To prevent catastrophic failure
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What if I follow guidance and there is still cap resonance?
When drive is running

• Firmware 13 – new parameter for “impedance shaping” of LCL filter. 

• When drive is running this allows for significant reduction in BPF currents (cap resonance).

• Investigation required to see how this could affect installation guidance! There is significant 
improvement in BPF currents which has been confirmed in the field.
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What if I follow guidance and there is still cap resonance?
When drive is not running

• Use energy pause to remove the LCL filter from the power circuit when the drive is idle.

• Requires Auxiliary power – see 750-RM100 chapter 2 for more information.

• Or Run the active converter whenever the AFE is powered.

• Remember, the drive will counteract harmonics when running.
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AC Drive is Reliable and Dependable When Protected.

Protect AC Drive From the Atmosphere/Climate Conditions:
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What is 
he talking 
about ?
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Air Handling Units and Air Conditioners
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Pictures from Customer Sites
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AC Drive is Reliable and Dependable When Protected.

Protect AC Drive From the Atmosphere/Climate Conditions:



PUBLIC | Copyright ©2023 Rockwell Automation, Inc. 78

Pictures from a customer site
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AC Drive is Reliable and Dependable When Protected.

Protect AC Drive From the Atmosphere/Climate Conditions:

Surrounding environment pollution degree

Pollution Degree1and 2 All enclosures acceptable
Pollution Degree 3 and 4 Enclosure that meets IP54, NEMA/UL Type 12  required
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AC Drive is Reliable and Dependable When Protected.

Protect AC Drive From the Atmosphere/Climate Conditions:
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Thank You


