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VFD Installation Considerations
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Rockwell Automation Resources

 DRIVES-INOO1 — Wiring and Grounding Guidelines for PWM AC Drives

 DRIVES-AT003 — Industry Installation Guidelines for PWM AC Drives

 7/50-INOO1 — PowerFlex 750 Drives Installation Instructions

« 520-UMO001 — PowerFlex 520 Drives User Manual

« 750-IN100 — PowerFlex 750 Series Products with Total Force Control
Installation instructions

GMC-RMO001 - System Design for Control of Electrical Noise
Drives-ATOO01 - 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

* |[EEE Industry Applications Magazine, Vol. 5, No. 6, November/December 1999,
pp. 47-81.

e Gary L. Skibinski, Russel J. Kerkman, and Dave Schlegel
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Compatibility of an AC Drive System




Controlling Electro Magnetic Emissions (prevent interference)




Comparing a 6 pulse drive to an AFE drive

6 Pulse AFE

m
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Figure 3: Active Front End Power Structure
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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

=
iz

Conduit
Cable Tray
Shielded Cable

PE

_

PUBLIC | Copyright ©2023 Rockwell Automation, Inc.

Ground

8



A better illustration
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Containing Emissions Using Shield Cable

Input Transformer
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VFD Cable Selection

> 200HP

Drain Wire

Conductors with XLPE
Insulation

Optional PYC Outer Sheath

Optional Foil/Copper Tape
and/or Inner PVC Jacket

< 200HP

PUBLIC | Copyright ©2023 Rockwell Automation, Inc. 11



How do you get the shield connected to the drive?

Good Better

Figure 24 - Terminating the Shield with a Pigtail Lead

Exposed Shield

u(r)

V(T2)
W (T3)

One or More PE
Ground Leads
PE

ZRZRZRZR%

Hying Lead Soldered Lo
to Braid

Drain wires must be pulled back and
wiapped in a 360 degree pattern aver the
shield/braided surface. Do not fold the
shield back.

Ground (PE}
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How about on the motor side of the shield?
https://www.youtube.com/watch?v=MWwaK2ZVebY
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] \\ Connection to Drive Structure or -
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Shield Termination
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Containing Emissions Using Shield Cable
= Click to edit Master text

= Second level
= Third level

LN,
] \\ Connection to Drive Structure or |

—-s— (Connection to Ground Grid,
E E'I Girder, or Ground Rod

= Fourth level
Shielded or Armored Motor Frame
N T %
ol i_ ACDrive | Cable with PVC Jacket

A i IE m ' .

z: B

I | I m - @ @ Encoder

C I (1] W]

- | PEJPE L

Optional Cabinet Via Grounding
] D O] Connector or Terminating Shield
Panel Ground Bus |_l at PE Terminal /

: . Optional Enclosure Motor Frame
Connection to Cabinet Ground Bus Cioeiid

or Directly to Drive PE Terminal

Building Ground Potential
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Shield Termination
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Containing Emissions Using Shield Cable
= Click to edit Master text

= Second level
= Third level

LN,
] \\ Connection to Drive Structure or |

—-s— (Connection to Ground Grid,
E E'I Girder, or Ground Rod

= Fourth level
Shielded or Armored Motor Frame
N T %
ol i_ ACDrive | Cable with PVC Jacket
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- | PEJPE L

Optional Cabinet Via Grounding
] D O] Connector or Terminating Shield
Panel Ground Bus |_l at PE Terminal /

: . Optional Enclosure Motor Frame
Connection to Cabinet Ground Bus Cioeiid

or Directly to Drive PE Terminal

Building Ground Potential
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Containing Emissions Using Shield Cable

= Click to edit Master text

= Second level
= Third level

= Fourth level

Motor Frame

F: -s— Connection to Ground Grid,

AN

Connection to Drive Structure
Optional Cabinet Via Groundi
Connector or Terminating Sh

Shielded or Armored
P PSS, S —— | e p— | —— p— — -
Input Transformer i_ ACDrive | Cable with PVC Jacket
i
: +—Ho !
B 1
E O m
PE | PE[PE

Girder, or Ground Rod

Connection to Cabinet Ground Bus
or Directly to Drive PE Terminal

= D 0]
Panel Ground Bus |_l

Optional Enclosure

at PE Terminal

Motor Frame
Ground

@

Building Ground Potential
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@ Encoder
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Containing Emissions Using Shield Cable
= Click to edit Master text

= Second level
= Third level

L
] \\ Connection to Drive Structure or
| Optional Cabinet Via Grounding
] D O] Connector or Terminating Shield

Panel Ground Bus |_l

—-s— (Connection to Ground Grid,
E E'I Girder, or Ground Rod

= Fourth level
Shielded or Armored Motor Frame
N T %
-k i_ AC Drive | Cable with PVC Jacket

A i IE m ' .

z: B

I | I m - @ @ Encoder

C I (1] W]

- | PEJPE

at PE Terminal

: . Optional Enclosure Motor Frame
Connection to Cabinet Ground Bus Cioeiid

or Directly to Drive PE Terminal

Building Ground Potential
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Connecting the shield

KStop | _
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Redirecting Emissions with power jumpers

Table 29 - Recommended Power Jumper Configurations Wall Mount Frames 1...7

Power Source Type Jumper PE-A 1) Jumper PE-B Benefits Of Correct
(MOV / Input Filter Caps) | (DC Bus Common mode | Configuration on Power
Caps) Source Type
Non-Solid Ground Disconnected Disconnected Helps avoid severe equipment
« AC fed ungrounded damage when ground fault occurs

« Impedance grounded
« B phase ground
« D(fed from an active

converter
Solid Ground Connected Connected UL compliance, Reduced electrical
« ACfed solidly grounded noise, Most stable operation, EMC
« DCfed from passive rectifier compliance, Reduced voltage
which has a solidly stress on components and motor
grounded AC source bearings

(1) When MOVs are disconnected, the power system must have its own transient protection to insure known and controlled voltages.
(2) Frame5...7 Common DCInput drives do not have the PE-A jumper.

PUBLIC | Copyright ©2023 Rockwell Automation, Inc. 21 ===



What about Active Front End Drives when it comes to power
u Table 69 - PowerFlex 755TL/TR Drive Jumpers
jumpers?

PE-A PE-A1 PE-A2 PE-B1
. : Commen Hode Caps || Y-Caps onLine Side | Y-Caps on Motor Side

Grounding $cheme EMC Option pru;:: nf:ncmol MOV in the TVSS on All AC Common Converter Power Inverter Power

Circuit E:ar:l HModule Hode Filter Circuit Interface Circuit Interface Circuit

Boards Boards Boards
Factory Default C3 Cannected (In) Connected {In) Connected (In) Disconnected (Qut) | Disconnected (Out)
. Al Connected (In) Connected (In) Connected [In) Disconnected (Qut) Disconnected (Dut)
Sroun
C3 Connectad (In) Connected (In) Connected {In) Disconnected (Out) Disconnected (Qut)

Ungrounded/High-
resistance Ground 'Y
AC fed ungrounded = Disconnected {Qut) Disconnected (Qut) Disconnected (Qut) Disconnected (Qut) Disconnected (Out)
Impedance grounded
B phase ground
amine ! ppmnded ] Di ted(Out)  |Di ted (Out) | D wed(0ut) | O ted (Out) | O ted (Out)
High Resistance Ground isconnected (Ou isconnected (Ou isconnected (Ou isconnected (Qu isconnected (Qu

N Meets ENGIB00-] Category C2 for conducted emissions. ;
2] Ungrounded and high-Tesistance ground systems do not meet the EMC Directive due ta the disconnectad jumper positions.

Table 70 - PowerFlex 755TM Regenerative Bus Supplies Jumpers

PE-A PE-A1 PE-A2 PE-B1
i X Commen Hode Caps || Y-Caps on Line Side | Y-Caps on Motor Side
Grounding Scheme EMC Option :?;:: th:;nl:m o |MOVinthe TVSS on All AC Common || Converter Power Inverter Power
Circuit :{mﬂ Module Hode Filter Circuit Interface Circuit Interface Circuit
Boards Boards Boards
Factory Default 3 Connected [In] Connected (In) Cannected {In) Disconnected (Qut) |-
o cal Connected (In) Connected (In) Connected (In) Disconnected (Qut) -
o )
C3 Connected [In) Connected [In] Connected (In) Disconnected (Qut) -
Ungrounded/High-
resistance Ground '
AC fed ungrounded - Disconnected (Out]  |Disconnected (Qut)  |Disconnected {Out) | Disconnected (Qut) |-
Impedance grounded
B phase ground
ene oot/ Disconnected (Qut) | D ted (Out)  |Di ted(Dutl  ||i ted(Out) |-
High Resistance Bround ! isconnected [Ju isconnec u isconnected (Ju isconnected (Qu

A Rockwell 1| Meets ENBIB00-] Category C2 for conducted emissions. By ] ] .
@ Automation 2] Ungrounded and high-fesistance ground systems do not meet the EMC Directive due to the disconnected jumper positions. 023 Rockwell Automation, Inc. 22



Path of common mode current
with jJumper




TN Rockwell
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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-INOO1

=  Other hardware From C

Communication

= Common Mode Cores/Ferrite Chokes Bovict

To Drive

Another effective method of reducing common mode noise is to artenuate the
noisc before it can reach the ground grid. Install a common mode ferrite core on
the output cables to reduce the amplitude of the noise to a level thar makes it
relarively harmless o sensitive equipment or circuirs. Common mode cores are
most effective when multiple drives arc in a relatively small area. For more
information, refer to 1321-M Common Mode Chokes Instructions, publication

] 5’?_1' .!.lll

Follow these guideline as a general rule for installing common mode chokes:
o Ifthe distance berween the drive and moror, or the drive and input
transformer, is greater than 22.8 m (75 ft), and

o Ifsensitive circuits with leads greater then 22.8 m (75 ft), such as encoders,

analog or capacitive sensors, are routed in or out of the cabinet near the
drive or transformer, then

Install common mode chokes.

PUBLIC | Copyright ©2023 Rockwell Automation, Inc. 25 —



Common Mode Noise
What Do Common Mode Chokes Do?

Iinverter e |
output :
voltage
Common /\
Mode Vs B
Current
g WIH=
1.5 to I
%“I =0 us i""'r PEAK
Current i ; R S R AN RE SR T
with e e ]
Common
Mode 1535 T PEAK

Chokes
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Reflected Wave and VFD appplications

Premature Motor Failure

Reflected va‘fi‘t:g:' e Insufficient Application
Wave Manufacturin Cooling Undersized
43% 25%
1600 Volt Reduce Motor Provide VFD Rated
Motor Cable Length Ventilation Motor
Output Motor
Reactor Reactor
. Replace Larger Larger
Terminator Motor Motor Motor

Problem

Cause

Solutions

=  Additional Failures

=  10% Single phasing

PUBLIC | Copyright ©2023 Rockwell Automation, Inc.
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Motor Cutaway
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Will Motor be Compatible with AC Drive?

PUBLIC | Copyright ©2023 Rockwell Automation, Inc. 29 ===



Will Motor be Compatible with AC Drive?

phase insulation / overhang insulation
ground insulation

turn insulation

phase to phase

phase to ground

turn to turn

WN O TT0n
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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)

PPPPP C | Copyright ©2023 Rockwell Automation, Inc.
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Will Motor be Compatible with AC Drive?

a-_h . — _I._
AL
T

A
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Will Motor be Compatible with AC Drive?

Length

Cabling — Appendix A of Drives-IN0O1

Symptoms: Motor Failures, Overcurrent Faults

Table 47 - PowerFlex 753 and 755 Wall Mount Drives, 480V Shielded/Unshielded Cable — Meters (Feet) (continued)

Type A Motor
+ No phase paper or misplaced phase paper
« Lower quality insulation systems
+ (Corona inception voltages between 850. . . 1000V

Type B Motor
+ Properly placed phase paper
+ Medium quality insulation systems
+ (orona inception voltages between 1000. .. 1200V

1488V Motor
«  Meets NEMA MG 1-1998 section 31 standard
« Insulation can withstand voltage spikes of 3.1 times rated motor voltage due to inverter operation

1329 R/L Motor
« ACvariable speed motors are control-matched for use with Allen-Bradley drives
«  Motor designed to meet of exceed the requirements of the Federal Energy Act of 1992

+ Optimized for variable speed operation and include premium inverter grade insulation systems that meet or
exceed NEMA MG (Part 31.40.4.2)

Drive |Rating No Solution Reactor Only Reactor and Damping Resistor | Reactor/RWR Resistor Available Optio
or1321-RWR (see page 129)
Frame (Hp |kHz | 1000V |1200V | 1488V | 1600V | 1000V | 1200V | 1488V | 1600V | 1000V 1200V | 1488V | 1600V | Cat. No. Ohms |Watts = | %
= |E |=
3 16 122 (838 |838 |76 9.4 |1524 (1524 |1524 (1524 (1524 |1524 L ®
- (25) ({400 |(275) |(275) |(25) |(30Q) ((500) |(500) ({5000 |({500) {(500) |(500)
' 4 16 122 (838 |838 |76 122 1219 (1524 |1524 (1524 (1524 |1524 ® L]
(25) [(400 |(275) |(275) |(25) ((40) ((40Q) |(500) |((5000 |({500) {(500) |(500)
7 16 122 (838 |838 |76 914 |182.9 (1829 |1524 (1829 |1829 |1829 e @ |9
55 (25) ({400 |(275) |(275) |(25) |(300) ((e00) |(600) ({500} ({600} ((600) |(600)
' 4 16 122 (838 |838 |76 122 1219 (1829 |1524 (1829 |182.9 |1829 & L
(25) [{400 |(275) |(275) |(25) |(40) [(400) |(600) ({500} ({600} ((800) |(&00)
3 16 122 [106.7 |1524 |76 91.4 |182.9 (1829 |1524 (1829 |1829 |1B29 ® o | °
3 (25) |{40) |(350) |(s00) |(25) |(300) (600} |(600) ({500} ({600} ((800) |(&00)
' 4 16 122 [106.7 |1524 |76 122 (1219 |1829 (1524 |1829 |1829 (1829 & L
(25) ({40) |(3500 |(s00) |((25) |((40) ({400} |(600) ({500} |({600) |(g00) |(&0C)

PUBLIC | Copyright ©2023 Rockwell Automation, Inc. 33



REFLECTED WAVE

WEB-BASED SIMULATOR

VOLTAGE DROP

HARMONICS

HARMONICS

MoToR

U!&
MOTCR

SIMULATOR

CALCULATOR

SINGLE BRANCH

SIMULATOR
DUAL BRANCH

TORQUE HARMONICS

The reflected wave simulation tool
models the high frequency
characteristics of the inverter PWM
voltage waveform | the cable
connecting the drive to the motor
and the motor itself, to predict the
peak value and rise time of the

wnltana  wravafarm ot tha  mntar

ttns://rockwell fransim.com/ReflectedWave

The voltage drop calculator
estimates the voltage available at
the load by computing the voliage
drops through the source
transformer, cables line and load
reactors, drive and output filters. A
plot of available wvoltage as a

functinn ~f cabla lanath hahuoan

The harmonics simulator is a circuit
simulation program with one or two
load branches. Each of the loads
can be set to be of a specific type.
Waveforms of voltage and current at
different points of common coupling
are generated along with numerical

waliac far valtana and corrant THND

Legal Notice | Privacy Policy

The harmonics calculator is a
spreadsheet based tool which uses
look-up tables to estimate the
voltage and current harmonics at
different points of common coupling
in a network consisting of multiple
loads. Only numerical outputs are

mrewridadd ineliding rharlc frr

The torque harmonics calculator
estimates the harmonics in the
electromagnetic motor torque for
the drive and motor parameters
provided by the user The model
does not include the dynamics of
the driven load.

PUBLIC | Copyright ©2023 Rockwell Automation, Inc.
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Bearing Current and VFD appplications

Premature Motor Failure

Reflected va‘fi‘t:g:' e Insufficient Application
Wave Manufacturin Cooling Undersized
43% 25%
1600 Volt Reduce Motor Provide VFD Rated
Motor Cable Length Ventilation Motor
Output Motor
Reactor Reactor
. Replace Larger Larger
Terminator Motor Motor Motor

Problem

Cause

Solutions

=  Additional Failures

=  10% Single phasing

PUBLIC | Copyright ©2023 Rockwell Automation, Inc.
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Bearing failures caused by current is not a new phenomenon.

1. Alger, P. L. and Samson , H. W. , “ Shaft Currents in Electric Machines ", Trans. A.L.EE. , Februarye. 43, pp. 235 -
245 | [Crossref], [Google Scholar]

2. Pearce, C. T., " Bearing Currents—Their Origin and Prevention ", Electric ., Augus@v. 24, pp.372-376.
[Google Scholar]

3. Riggs, L. W., " How Much Shaft Current Can a Bearing Carry Safely? " Power , Februarypp. 103 -105.
[Google Scholar]

4. Hoover , D. B. , “ Heating and Failure of Bearings Due to Little Appreciated Causes ", Water Works and Sewerage ,
October. 92, n.10, pp. 297 - 299 . [Google Scholar]

5. Wilcock , D. F., “ Bearing Wear Caused by Electric Current ,” Electrical Manufacturing Februar pp. 108 -111.
[Google Scholar]

6. “ Static Charges Might Cause Turbine Bearing Failures ," Power Engineering , Ma v.58,pp.73-74.
[Google Scholar]

7. Rudorff, D. W. , “ Principles and Applications of Spark Machining ", Proc. Inst. Mech. Engrs. v. 171, n. 14, pp.
495 - 512 . [Crossref], [Google Scholar]
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Motor Cutaway

Non Drive
End
(NDE)

Drive End
(DE)
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Parts of the bearing

Grease

Inner Race

Cage

Ball

Outer Raceway




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.



Circulating Current

Magnetically Induced Voltage developed from DE to NDE

PUBLIC | Copyright ©2023 Rockwell Automation ,Inc. 40



Solution: Insulated bearing on the Non Drive End

INSULATED NON-INSULATED

PUBLIC | Copyright ©2023 Rockwell Automation, Inc.



Circulating Current

Insulated Bearing on NDE bearing prevents circulating current

PUBLIC | Copyright ©2023 Rockwell Automation, Inc. 42



Electro Static Coupled

To Oscilloscope

PUBLIC | Copyright ©2023 Rockwell Automation, Inc.



Yellow is Shaft Voltage. Teal is Stator Neutral to Ground
Normal Shaft Voltage Discharge

Uisen I
T
B aasdd |

Zoom Posltion: —135us

Zoom Factor: 200

[ Y T —

U
Value
“oupling TTermimation || invert
— CIRREAC: )| [IME s
e e (s | — — 0 ey — -_'r_——-—1' r———-—\ (:-
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Electrostatic Coupled

otor Frame

Shaft
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Solution: Shaft Brush

PUBLIC | Copyright ©2023 Rockwell Automation, Inc. 40 ==



Backfeeding Current

Common Mode Current Finds Path Through
1. Motor Bearings
2. Machine (gear box, pillow bearings)

W NP

Ol

@]

|

oV [O]

A e—
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Solution: CM core or reactor on output of drive

PUBLIC | Copyright ©2023 Rockwell Automation, Inc. 48 ==



Solution to Bearing Current Mechanisms.
Insulated Bearing.

Shaft Ground Brush.

Grounding and Bonding of Motor Cables.

ASD Output LR Filter, especially for AFE Drives.
For AFE: DC Bus Conditioner.

Common Mode Choke.

Conductive Lubricants.

ASD Output Load Reactor.

Ceramic Bearing.

Insulated Coupling between Motor and Encoder.
ASD Carrier Frequency Setting.

ASD Common Mode Voltage Reduction Feature.

PUBLIC | Copyright ©2023 Rockwell Automation, Inc.



What is ground anyway?7??7?1111°777?

é Uv1/F8

PPPPP C | Copyright ©2023 Rockwell Automation, Inc.
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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



Grounding and Bonding to Panel

For PLC grounding
recommendation
' refer to Publication
Equipment 177044
Ground H
—e e

e — — — — —_— — ——————

Q N
{ Motor
V .

[
|
T
PE
DI @ 4 L1l I
| L-|-|—| Ea— |
v | | Motor
—f - PE GROUND BUS® L | |
- : Usually bonded
(P ——_— e e I Tonaaeet Lo
Building ground

ONLLLLLL LT
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AC Drive Panel Layout and Bonding

Qs

Paint
Piercing

=0

1" Wide Flat
Braided Bonding
Straps

Thread
Forming
Screws

Su
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Door

HMI

|

\
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[

oara | O O
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O O

e — 2

Side Pa

I FLEXIBLE DUCT OR RACEWAY ]
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s

pér.v
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\ Door
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Paint
Piercing
Washers

V]

’

”
1" Wide Insulated Flat
Braided Bonding Straps

‘
\

V.

Grounding and Bonding for the Industrial Plant Floor'Why its Important and How to Accomplish it
David Dohm, RCDD-Technical Systems Engineering Program Manager

Panduit Corporation
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Grounding & Bonding Inside the panel

Remaint
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Can you see whats wrong?
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Input Cabling Recommendations

*Not the same recommendation as Type — Copper Only

motor cables. Motor cables must handle Size - differs per drive. See VFD User Manual for each
PWM signals. specific VFD size.

In general, the selection of cable for AC Shielded or Unshielded - Shielded provides noise

input power to a drive has no special immunity to EMC standards (CE, C-Tick, FCC, etc). If
requirements. Some installations may shielded cable is used the shields must be bonded at both
suggest shielded cable to prevent ends to provide a continuous path for common mode noise
coupling of noise onto the cable. current.

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

-7\ Rockwell
@ Au"omu"ion PUBLIC | Copyright ©2023 Rockwell Automation, Inc. 57
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Input Protection Recommendations

Thermal Magnetic Breaker (Acceptable**)

Bussmann DFJ Drive Fuse (Recommended)

Ferraz Shawmut HSJ Fuse (Recommended)

Rockwell
Automalion

**See Slide 13 for details

Fuse and Circuit Breaker
Ratings

The tables in this section provide recommended AC line input fuse and circuit breaker
information. See the following Fuses and Circuit Breakers sections for CE and UL
requirements. The size recommendations are based on 40 °C (104 °F) and the U.S. NEC. Other
country, state, or local codes can require different ratings. DC link fuse recommendations for
OC input drives are also provided.

Fuses

The recommended fuse types are listed here. Select a fuse rating within the range that is
specified in the tables starting on page 76.

« CE—Type g6 fuses
+ UL~ Fast-acting Class J, T

IMPORTANT  For maximum protection of the drive and its internal components, we
recommend the use of fuses over other methods of circuit protection.
Fuses reduce the risk of drive damage from power quality events and
improves machine and process utilization.

Circuit Breakers

The non-fuse listings in the following tables include inverse time circuit breakers, and 140M/
140MT self-protected combination motor controllers. If one of these methods is chosen for
protection, the following requirements apply, for both UL and CE installations:

»  140M/140MT self-protected combination motor controllers are acceptable if the
installation conforms with the requirements that are specified in the tables.

« Inverse time circuit breakers can only be used with a fuse that is specified in the tables.
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Input Protection Sizing

Are Circuit Breakers an Option?

« 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

Rockwell
Aultomaltion

PUBLIC | Copyright ©2023 Rockwell Automation, Inc.

59



— From 750-TD104

400V AC and 540V DC Input Protection Devices—Drive Frames 1...7, and 7A (Continued)

Sized For Normal Duty Sized For Heavy Duty Input Qty. AC Input Protection Devices Input 0ty  DC Input Protection (2
i saaame e Bt
U] m‘ Mm"'w oanuws Cont. AC Input Fuse Circuit Breaker (¢) with Adjustable Current mnc Fuse Cat. No. | Fuse Holder
| |Amps | Cat No. Cat. No. Range (1) (6) nz’otm-»..‘ ﬂ%sg?
KW 5 1hin | 3s Min | 35 | KA | Amps | Min[AF | Max|AI® | Mawh0G Partho. ?::,E | '*""‘”Iv:ﬁimlﬂ Cat N "“‘[}i’;‘]’h‘,’“ Amps
400V AC Input 540V DC Input

55 | 5] 104 | 206.C104 | Mas | B6 [206.Clko™| 156 | 20 | 645 | 93 1% 200 | 175/1406-JCBF3-DI7 | 980 30 29291 - - 1099 [DCFUSE3S-2004] DCFH-NHI

% [6] 140 [206.C40 | 154 | 20 | 206.CT70 | 210 | 255 | 883 | 1283 15 300  |250/1406-JC6F3-D25| 880 30 43937 - - BL4  [DCFUSE3S-3I5A( DCFH-NHI

90 | 6| U0 |206..CI70 | 187 | 255 |206..C205| 255 | 3075 | 1078 | 158 200 300  |250/140G-JC6F3-D25| 980 30 43937 - - 1839 |DCFUSE3S-315A| DCFH-NHI
Z 0 | 6| 205 |206-C205| 2255 | 3075 | 206..0260 | 3075 | 390 | W01 | Wi8 | 250 400 |J00/40G-KCBF3-030 4200 | @8 | 438 - - TOLT _[DCFUSESS-4004] DCFH-NHI
% m L& o I B (282 300 500 "“”’WILW gy | w9 - = 2812 [DCFUSESS-5004] DCFH-N2
‘é,': 7 ] 206.. 468 2382 300 500  [400/K0G-KCEF3-DL0[ 4200 | 479 | &39% - - 2812 [DCFUSERS-5004] DCFH-NH3
g B0 | 7| 302 |206..C302 | 3322 | 453 | 206..C367 453 ﬂﬂ 14 350 600  |BO0/140G-M6F3-D80( 1000 | 65 43937 - - 3267 ]UCFUSEBS—SSOA| DCFH-NK3
E . l1l3m 206...C367 | 4035 5505 206..C456 | 5505 | 684 | 2329 [ 3362 450 700  |800/140G-M6F3-D80| MO0 | 65 43937 - - 387 |DCFUSEGS-7004] DCFR-NH3
5 684 | 2329 (3362 450 700 | B00/140G-M6F3-D80| T0O00 | 5 43937 - - 397 |DDFUSESS—?UOA| DCFH-NH3
= 20 7| 48 || 2895 | 418 600 800  |800/140G-M6F3-D80( 1000 | 65 43937 - - 4332 |DCFUS‘£6$—90(]A| DCFH-NK3
°§4- N4 2996 | 4324 [100 (Bussmann TT0MBiac) 1300 - - - - - - - -
S M |71]4m 437 600 [ 800  [800/140G-M6F3-D80( 1000 | 65 L3937 - - 516 [DCFUSEBS-004 DCFH-NKS
; 3 |TA| 50 4867 1100 (Bussmann TT0MBG) 1500 = | = = = - - - =
® B || 5 518.5 {1100 (Bussmann T70MBxxS) 1600 - - - - - - - -
5 355 |7 | 650 5955|1100 (Bussmann TI0ME105) 1800 - - - - - - - -
< 0 g&pnﬁranngreiersmmematnrmausconnectedtuthedme.Fntuamgle a (022 drive can be used in Normal Duty mode on an 11 kW motor, or in Heavy Duty mode on a 7.5 kW motor. A COT5 drive can be used in Heavy Duty mode on a 5.5 kW motor with
c same rannqs as a COIl drive. The drive can be programmed for either mode. For any given drive catalog number, Normal Duty mode provides higher continuous current but smaller overload current when compared to Heavy Duty mode. See parameter
g (2) griysg?:ugwre mggk N, and R. See the explanation of catalog number positions 8...10 for 400V drives on page 5 for frame sizes of other enclosure types.
= Sl This drive is the next larger fr frame size. ;
] For UL compliance - fast-acting class J (Bussmann DFJ) or fast- actqumT(BuwmaleJSlfusesmiy Equivalent fuses of class J, T may be used if they have lower |,,,,,, and 't ratings than the Bussmann JJS fuse. For CE compliance - IyPe
a Minimum protection device size is the lowest rated device that supplies maxmum protection without nuisance mppm Hax snurue SCCR =100 kA For Frame 7A only

the

(5] tFlr

Bussmann

cuned fuse (Bussmann
- size 00 to 3 EC 60283 or or FWP-iOF.

OWn are maximum va
Bulletin 1406 circuit breakers rated <400A are UL48S listed currem—llmmng
circuit breakers may be used if they have SCCR of 65 kA and lower

Bulletin 1406 circuit breaker rated at 800A is UL489 listed wi
SCCR of 651k R

i
i

Rockwell
Aultomaltion

Imrl

Bulletln F'UHIIHUHT is UL Lls!ed for

(Bussmann I70M - size 00 l03 EC 602' or DIN 43620, or FWP-_GIOF, _6
TTOM8EIS, 170M6685, TTOMBTIS or TT0ME765) shall be u

flor UL 00V -'oE[IV l]ehalﬂdta. come
140M/140MT must be Frame C [ll:EH-CZ[-m or i‘tﬂHTﬁEvmlm Flame D (140M-D8E-0¢ or 140M
10) Bullelm JAOM/140MT must be Frame D (140H-08E-xoux or 140MT-DSE-cd) or Frame F(140M-FBE-io0x). Max. source SCCR = 65 kA
1) When using the Bulletin 140M/140MT or a circuit breaker, the drive must be installed in a ventilated or non-ventilated enclosure with the minimum volume that is specified in this column. Application-specific thermal considerations can require a larger

enclosure.
(12) DC fuses specified are UL recognized and CE compliant.

14F, _622F) em}

The drive and the overcurrent protection devices must be mxﬁgrated within the same overall assembly. Max. source Si
liance - fast-acting class J (Bussmann DFJ) or fast-acti c’ms T(Bussmann JJS) fuses only. Equivalent fuses of class J, T may be used
_G22F}oniy Ha:nmum prulecuun devn:e sizeis me Ilqhes! rated devlce lhat supphas rive

they have lower | ,,md[’t ratings than the Bl.lssnanJSfuse. For CE cnmplmm oR fuses
rmecunn. Ham source SCDR 100 kA. For Frame 7A. only the specified fuse

um circuit breaker size is 125% of motor FLA Ratings that are

vnm SCCR of 85 kA, and can be used without fuses when the drive is installed in an enclosure with minimum volume as specified. Equivalent UL489 listed current-limiting

?m 09E-00c)

ith scc#‘?’ss KA and can he used without fuses when the drive is installed in an enclosure with minimum volume as specified. Equivalent UL489 listed circuit breakers may be used if they have

IHESISB

round systems.
x. spurce SCCR = 65 ift

PR
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400V AC and 540V DC Input Protection Devices—Drive Frames 1...7, and TA

Sized For Hormal Duty Sized For Heawy Duty Input Qty. AC Input Protection Devices Input 0ty De ||-|pu|pmm|mm1
?ﬂﬁ'ﬂ’: WO/ 1G0T Type £
m Cont. mﬁ'.d“’":m l}wr?::dmfmps Cont- AL Input Fuse Circuit Breaker 1 c'ﬂﬂﬁ'&:‘:ﬁg g::tg:er l:ﬁnp.: i Fuse Holder
KW EE A | s tMin | 3s | W [ Amps | mingal® | mafal® | Mexnsos Part o '["::g:’ logax [A] :”LTEL}cm Cat. Ho. "”E‘“flg?’l'qf”" Amps
i 500V AC Input 540V DC Inpat
D3 |1 13 MG L2P1 | 23 32 L 12 2 4 15/ 1&BE-HCBC3-C15 51 52 M | eson-grgY K7L 14 DCFUSER104 DCFH-51
03 | 1 21 | 06.L2P1 | 23 32 | HE.C3P5| 38 53 13 18 3 8 15/1685-HCBCI-C15 5H 232 1999 | Mdeon-E2EY 1242 22 DCFUSE-IDA DCFH-51
15 1| 353 |20G.C3P5 | 38 53 |206.C5P0| 55 15 21 31 4 10 15/1406-HOBC3-C15 | S0 832 bt I BT 13, KLY 37 DCFUSERIDA DCFH-51
206.C3P0 | G5 75 | 31 L5 B jii] JW1&BE-HCBC3-C30 | 5HD 131 19090 | MDoon-ERdY 3257 53 DCFUSE-I0A DCFH-51
= : : 206 0877 | 98 Tl 3 L5 B 1 J0UT6DE-HOBCI-C30 | 5ID 2332 1929 | Wilcon-EEdY 342 53 DCFUSER104 DCFH-51
4 | 1| a7 |20e.0677 | @6 | U1 |206.con| Br | WE | 5k | 7B ] 2 |sweecucecicin| s | 22 | 29990 | jagyeooseci®|  2e2 82 | DCFUSEMIBA | DCFR-GI
55 1 ns | 206201 | 127 W3 | 206006 | T3 231 Al 103 B Fi] J0v160E-HOBC3-C30 | 5D 232 19281 | Wel-oor-C16M0 3257 122 DCFUSEN-204 OCFH-51
75 | 1] B |zoeco | we | @ | TR 0 30 |JOMMOEHCECE-CIO| S0 | 232 | M |jsdwcoccog™| &2 163 | DCFUSERZ5A | DCFH-SI
075 | 2 11 | Me.LFT| 3T 37 | WE.£F | 3] 37 13 18 | 4 15/ 1605-HOBCT-CT5 S 252 W | wioo-zs™ 242 12 DCFUSET-104 DCFH-51
15 2 35 |[206_C3IP5| 52 8.3 52 B3 2] 3l 4 7 150 I4EE-HEBLI-CIa S 232 9091 | 160w-o00-B50E 3252 37 DCFUSERI0A DCFH-51
22 2 5 |206_L3F0 | T5 5 15 9 3l b5 B i} J6EG-HOBC3-CI0 | SHE FARS i B T, v L s 5.3 DCFUSET-104 DCFR-51
4 2| 87 |20G.LCEBFT( B L B 156 Sk 18 L1} 15 JO0DE-HOBCI-C30 | 51D 3.2 1998 | Valhecoe-Cap 3242 32 DCFUSENIRE | DCFH-51
S I - 205.c0n | w2 | 207 |208.com | wz | 207 | 71 | w3 5 W |3WWOE-HIRCICI0| S0 | 232 | 2 |gweccecig| 3282 122 | DCFUSEL-Z0A | DCFH-GI
206.LO5 | B3 | 231 Fil 03 B 0 JO0DE-HOBDI-C30 | 50 3.2 B8 | Wedygoe-Ce KLY 122 DCFUSET-208 | DCFR-51
5 2| B4 | 206 BY | 31 |206.0022 | 242 B 98 BE 0 30 IO MeBe-HORCI-C30 | SHD 32 539 |14hepo-Czol 3242 163 DCFUSEl-254 | DCFR-51
I i n 206..0022 | 242 33 B8 | 17 5 & JO0150E-HOBCI-C30 | 5ID B2 vl Walx-FBE-CZ3 3243 82 OCFUSET-40A | OCFH-NH]
] i 2060030 | 33 5 BE | 1’7 25 L JOU&BE-HOBCI-C30 | 5ID 232 il Yale-FBE-CZ5 L0582 32 DCFUSEN-&0A | OCFH-NHI
15 3 n ;?-EE. o | 33 45 | ME. D037 | 45 555 | 16 | 268 35 60 90/1506-HOGF3-CI0 | SIE 32 vl W0u-FRE-CI2 §052 A7 | DCFUSE3-B3A4 | DCFH-NHI
35 3 57 | M6.LO037 | 507 | 555 | 206043 | 385 | BEE | 228 331 L5 | SO/IL0G-HOEF3-CI0 | S0 232 2459 140w-FBE-C&S 052 351 DCFUSES-634 | DCFH-NH
I ——_— 206,003 | &13 | B45 | 167 | 385 Ei] B0 | O0/LOGACGFICIn| SO | 2 | 1 _ — 54 | DCFUSES-BOM | Wl
e G LT | T | 05 i L] BOTGOG-ACGr 3-Ca0 | oie FAR 97T - = 55 | DCTUSEFTGE | UCFARAT
5 e fDE. .CO80 | BB ] 312 | 237 Ta L1} 80/1406-HO6F3-C90 | SIE B2 34 = = B34 | DCFUSEF-125A | DCFH-NHI
0 | 2 | 57 70 m 90/150G-HCGF3-CO0 | SHD 352 119 - - B34 | DCFUSE3-125A | DCFH-NH
3 Bl | 20G_COB1 | BT} 378 | 548 T 00 S0/1506-HGF3-C90 |  5ID 32 Hm - = 645 | DCFUSES-125A | OCFH-NAH
l n 2060072 ( 792 | W08 |206.C0BG| W08 | 1295 | G&E | BAs B 15 100/%605-HOBF3-0N0 | 0 832 vl - = 761 | DCFUSES-125A | OCFH-NHI
i b i 20G.LC08% [ 106 | 1296 | 446 | DAk B 15 100/W0G-HOBF-0N0 | 500 32 il - =— 761 |DCFUSE3S-1B04| OCFH-NH
L] T3 | 206.L073 | 803 | WA5 : 451 | 883 ED 125 0NE0E-HOBF-0N0 | 5W 32 i vl £ = Tl | DCFUSES-1254 | OCFH-NHI
- 5 B | 20G.COBS | 835 | 175 .'.':IJG_..IZIIJ-\\ 175 | B6 | 527 | Tl 100 150 125ML0G-HOGF3-012 | S0 33 1 - = 898 |DCFUSE3S-1GD4| DCFH-NE
g B | 20G._COBE | 945 | 128 533 ¥ 100 Ba 125/140G-HOAF3-012 | 5HE 22 2979 - - 908 | DCFUSES-160A | DCFH-NH
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__How do | know if | need Impedance (add a line reactor)? (non regen
drives) L

OOE

Installation site has Installation site has Installation site has
switched power factor reoccurring lightning power interruptions or
correction capacitors. strikes or voltage spikes voltage dips in excess of

in excess of 6000V Peak. 200VAC.

OlO

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:

Voltage unbalance trips

i noc el! PUBLIC | C ight ©2023 Rockwell Al i | —
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~ Sample Calculation of Impedance
From DRIVES-IN001

EXAMPLE The drive is rated 1 Hp, 480V, 2.7A input.

The supply transformer is rated 50,000 VA (50 kVA), 5% impedance. For a more
. isov accurate portrayal
7 = line-line - - 102.6 Oh =
N TS T i of impedance
Z .= M*%Im edance = o *0.05 =0.2304 Ohms ;
e~ A Al T You can add the impedance

of the cable from the

transformer to the drive. It

Note that the percent (%) impedance has to be in per unit (5% becomes 0.05)
can add another 5-20 ohms

for the formula.
ML - B S, to the transformer.
Z. 1026 =Yasto

drive

0.22% is less than 0.5%. Therefore, this transformer is too big for the drive and
aline reactor should be added.

TN Rockwell
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— PowerFlex 755T (L/R/M) — Line Reactor Required? (AFE drives)

For more information, reference Knowledgebase ID QA76145

What other devices are on the
primary side of upstream
transformer of the 755T

Are there medium voltage

drives? . 0A76-|45

What other devices share the

|
g;}gtili; upstream transformer with the
755T

Other AFEs or Active Harmonic
Filters. Are they also a 755T

Other VFD on the Supply with

Other VFD on supply Other VFD on the
only DC link Chokes

without line reactors or Supply with line
DC link Choke reactors

No other non-linear
devices share the
supply transformer

Add line
reactor™*

Combined 6P VFD
Load > 150% of the
755T

Consult
Factory

Combined 6P VFD
Load < 150% of the
755T

Combined 6P VFD
Load > 40% of the
755T

Add 3% line
reactor or
isolatation

transformer*

Combined 6P VFD
Load < 40% of the
755T

No; itis a different
AFE or Active
Harmonic Filter

Add 3% line
reactor or
isolatation

transformer™®

*If line reactor is required, add no higher than 3% or may be too much voltage drop, size line reactor like you would for the equivalent 755 drive

**Line reactors are preferred in front of the non 755T drive. In this case add the line reactor in front of the non 755T dri ve firstand follow
remaining guidance.

Treat drives with passive harmonic filters as drives with line reactors, unless they are larger than 1.5 times the 755T. If  this is the case, consult

factorv

PUBLIC | Copyright ©2023 Rockwell Automation, Inc.
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What to do if a line reactor is added in front of an AFE

How do you account for a line reactor when entering the AC Line Parameters into a PF755T
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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!)

Rockwell
Automalion

1 Regenerative Converter Setup Wizard
Regenerative Converter Setup

Mominal Line Frequency

Cumrert Limit

Regenerative Power Limit

Motoring Power Limit

DC Bus Voltage Reference Source
Line Side Start Mode

Connected DC Bus Capacitance
Apparent Power Rating

Digtribution Transformer Impedance

Feed Forward Voltage Low Pass Filter Time

60.00 Hz

|467.00 | Amps
1-200.00 | % of Rated
1200.00 | % of Rated
Auto

Conv Logic

10.00 | uF

2500.0 | kA

|5.00 i

[1.00 s ©

Finish ==
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What is Capacitor Resonance?

Resonance due to interaction
between the LCL filter and the

converter
s T
—%} 4}4}
Vol Ly b L v
HarmoniMm (o~ 1 c
\ / Vgc 2’0 g IS T TG
Y 4y I.¢
Grid with Feed Rdj}é 4,;]3 {]3 443
Line C =
f m AFE Rectifier
N ) \ N1 Y
Resonance due to
external nonlinear loads .
DC Drive

External Non-Linnear Loads:
DC Drive, AC Drive, other AFE, MV drives, etc.

PUBLIC | Copyright ©2023 Rockwell Automation, Inc.
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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.

» We protect the LCL filter capacitors:

* To ensure product longevity

* To prevent catastrophic failure

Configurable LCL Filter
Capacitor Over Resonance
Response

Review the Attention statement that follows if you intend to configure the line side converter
to produce an alarm instead of a fault when the LCL Capacitor Over Resonance event occurs.

VAN

—

ATTENTION: You must read the following information before you can enable
the Line Side Converter to produce an alarm instead of a fault when the
LCL Fillter Capacitor Over Resonance event accurs.

Resonance event may damage the LCL filter. This damage may lead to
catastrophic product failure and collateral damages.

It is your responsibility to configure drive parameters, understand the
causes and consequences of LCL capacitor over resonance, and meet
safety requirements in accordance with all applicable codes and standards.
If enabling the Line Side Converter to produce an alarm instead of a fault
when the LCL Capacitor Over Resonance event occurs is desired, you must
certify the safety of the application. To acknowledge that you have read this
‘Attention’ and properly certified the application, set bit 5 TapORsncAlrm’ of
parameter 13:40 [Conv Options Cfg]. This action removes Fault 56,
‘CapOvrRsncCfy’ It allows parameter 0:453 [ CapOvrRsncActn] to be set to 0
‘Alarm’, enabling an alarm instead of a fault.

Unplanned down time... not good.

PUBLIC | Copyright ©2023 Rockwell Automation, Inc.
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What if | follow guidance and there is still cap resonance?

When drive is running

* Firmware 13 — new parameter for “impedance shaplng of LCL filter.
13 Line Sid... 365 FF"u’Ithource Sel Cap"u'oltage: 'I
» 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.

50 i i Frame 7 Mntor!ng

Frame 7 Regen

o
=

[—— Capacitor Voltage FF|
_|—Line Vollage FF

Capacitor Voltage FF
| |=—Line Voltage FF ]

e
th

S

o

e
=]

F

o

%3
t

Trip level

a 50 100 150 200 250 300 1] 50 100
Non-Regen Load [kW]

[
&

o
=

W

=3

[~
o]

e
=

(5]

=]

Capacitor Resonance Current [A]
53
o

&

Capacitor Resonance Current [A]
o

150 200 250 300
Non-Regen Load [kW]

Motoring 100% load of the AFE* Regen 100% load of the AFE*
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What if | 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.

Chapter 2 TotalFORCE Control Features

Energy Pause Function The Energy Pause function sends the drive or bus supply to and from a low-
energy state on command. This function saves energy, reduces wear on parts,
and reduces fan noise.

Components that save energy:
= LCL filter and line side converter heatsink fans
- Balancing resistors
- Power module power supplies
- LCLfilter module inducrors

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

 Remember, the drive will counteract harmonics when running.

PUBLIC | Copyright ©2023 Rockwell Automation, Inc.
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AC Drive is Reliable and Dependable When Protected.
Prtect AC Drive From the Atmosphere/Climate Conditions:

Magnetic dust found

inside drive enclosure

PUBLIC | Copyright ©2023 Rockwell Automation, Inc. 71 ===






What is
he talking
about ?
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497AJH

DigiKey Part Number SCP760-ND
Manufacturer SCs
Manufacturer Product Number 497AJH
Description VACUUM HEPA 120VAC ESD SAFE
Manufacturer Standard Lead Time 2 Weeks
Image shown is & representation only. Exact Customer Reference [ ]

specifications should be obtained from the product

gatn sheel. Detafled Description Electronics Vacuum 120VAC With 7 ft Hose, 8 ft Cord, HEPA
P Filter, Nozzle, Strap ESD Safe

Datasheet gm Datasheet

Figure 25: ESD safe vacuum for vacuuming boards and cabinet
https://www.digikey.com/en/products/detail /scs/497AJH/9169375
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Air Handling Units and Air Conditioners
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Pictures from Customer Sites

2
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AC Drive is Reliable and Dependable When Protected.
Protect AC Drive From the Atmosphere/Climate Conditions:

) )
: - ; - - mGin)
s0mm S0mm =
(2.0in.) 5 1M (2.00n.) ==
. ¥ #i . = %
e [=le ] - ] - == B =5 f
&s| |&ra 0]l o) 1) e
[P | T | g R —> ‘:
il T Bl
U} ) LI =i
Pty | PRy Foorimy || Pomitey 5 =a| |
ﬂﬂﬂﬁfﬂiﬁﬂﬂﬂ& 218 1 1 8 1 R1 1 ﬁﬁﬂﬂiﬂﬁﬁﬂﬂﬂ] AR
50 mm S0mm D ® @ 1
(2.0n.) (2.0in.) . ; - Ef ===
L. VY bl 76.2mm(3.0in.) Airflow through the drive ):9
(( .4 must not be impeded.
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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:

Pollution Degree Ratings According to EN 61800-5-1

Pollution | Description

Degree

1 No pollution or only dry, non-conductive pollution occurs. The pollution has no influence.

2 Normally, only non-conductive pollution ocaurs. Occasionally, a temporary conductivity that is caused by condensation is to be expected, when the drive is out of
operation.

3 Conductive pollution or dry non-conductive pollution occurs, which becomes conductive due to condensation, which is to be expected.

4 The pollution generates persistent conductivity thatis caused, for example, by conductive dust or rain or snow.

Surrounding environment pollution degree

Pollution Degree1and 2
Pollution Degree 3 and 4

All enclosures acceptable
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:

= ——
— ATTTIT
—ar |1
= =4

Nttt
=
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Thank You
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