THE INDUSTRIES AND
APPLICATIONS WE SERVE

Oil & Gas

* Oil pipeline pumps

 Natural gas pipeline compressors
* Induced draft fans

 Axial-vane compressors

* Reciprocating compressors

* Centrifugal compressors

Mining & Steel

* Slurry pumps

* Ventilation fans

» Descaling pumps

« Single motor, non-regen conveyors
» Baghouse fans

* Cyclone feed pumps

* Tailings pumps

« Screw pumps

Power Generation
* Feed water pumps

* Induced draft fans

* Forced draft fans

* Baghouse fans

Cement

* Kiln induced draft fans
 Forced draft fans

» Cooler baghouse fans

» Raw mill induced draft fans
* Kiln gas fans

» Cooler exhaust fans

» Baghouse fans

PUBLIC | Copyright ©2020 Rockwell Automation, Inc. |

Water / Wastewater

 Raw Sewage Pumps

« Effluent Pumps

» Low Service/Raw Water Pumps

* High Service/Finished Water Pumps
* Booster Pumps

* Flood Control Pumps

* RAS Pumps

*« WAS Pumps

* Aeration Blowers

1 -7\ Rockwell
Aulomaltion

Forest Products

* Fan pumps

* Induced draft fans

* Boiler feed water pumps
* Line shafts

* Slurry pumps

Commercial
* HYAC/OEM
Chillers/compressors

Other
» Test stands
* Agitators



Medium Voltage Drive Application Types

GENERAL PURPOSE SPECIAL PURPOSE
Applications Applications

* Fans » Cranes and Hoists

* Pumps « Conveyors

« Compressors « SAG and Ball Mills

« Extruders and Mixers

» Electro-submersible
pumps

 Marine

* Subsea

MARKET

Data Source: 2019 IHS MV Drives Market Study (2018 base year)
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Medium Voltage Drive Portfolio - Application Alignment

POWERFLEX 6000 POWERFLEX 7000
GENERAL PURPOSE DRIVES SPECIAL PURPOSE DRIVES

Ideally suited for: Ideally suited for:

* Non-regen applications * Regenerative applications

 Extended motor cable
lengths (up to 30 km)

* Long motor cable lengths
(up to 2 km)

2.3...11 kV (up to 680 A) 2.3...6.6kV (Up to 720 A)

PPPPPP | Copyright ©2020 Rockwell Automation, Inc. 3 E| l.zl’ E:fgn‘r:ueﬂon



PowerFlex 7000

" ll'j“[l.
e —— e e

Control & Converter Rectifier Capacitor Dynamic Braking & DC Link Inductor Pump Cabinet

Line Reactor / Output
Cabling Cabinet Cabinet Cabinet Chopper Cabinet Cabinet

Contactor Cabinet

Liquid Cooled & AFE Transformer-less Power Flex 7000 Marine Drive
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PowerFlex 6000T Overview
Common control architecture across low voltage and medium voltage drives

Simplify your integration and operating experience

e  Common control hardware architecture, firmware, and
network interface software with PowerFlex 755T low voltage
drives

* Reduce integration, operation, and support costs

PowerFlex 6000T — “A” Frame

-79% Rockwell
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PowerFlex 6000T New Features Summary

Key enhancements simplify connecting this smart device to
your enterprise, add familiarity and ease of use, and provide
additional device and process information

IR ARN AR B)

Common low voltage and medium voltage drives user experience E L

Enhanced connectivity | D TAD BhO D

Enhanced HIM module (eHIM)

Quick and secure firmware upgrades

Enabled by common control architecture,
eHIM, and shared network tools

-79% Rockwell
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PowerFlex 6000 Portfolio

* General Purpose Medium Voltage Drive: |
* Fans, pumps, and compressors
* |deally suited for non-regen applications
 Up to 2 km motor cable length

* Global Standards Compliance:
« |EC (all voltages) / UL - available up to 6.9 kV

“H” Frame

* Motor Voltage and Current Scope: ro0 LI LT LT LT LT
« 6000T Versions:
« “A’"Frame-2.4..416kV,0..215A _ %00
« “B”Frame - 2.4 kV to 11 kV, 200...680 A S 500
| = 6000T
 6000G Version: = 400 “B” Frame
* “H’Frame -6...11kV, 0...200 A 2
g 300
« Service and support available globally 200 ARES
 Regional spare part hubs 100 “A” Frame

0 1 2 3 4 5 6 7 8 9 10 11
Motor Voltage (kV)
-73 Rockwell
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PowerFlex 6000T Product Offering (2.3...4.16 kV Focus)

* General Purpose Medium Voltage Drive:
* Fans, pumps, and compressors
* |deally suited for non-regen applications
 Up to 2 km motor cable length

* Global Standards Compliance:
« |EC/UL-CSA

» Configurations:
¢ “A’Frame: 0...215A
« “B”Frame: 216...680 A

“B” Frame

* Service and support available globally
* Regional spare part hubs

Motor Current (A)

Motor Voltage (kV)

-79% Rockwell

PUBLIC | Copyright ©2020 Rockwell Automation, Inc. | 8 Aurﬁmﬂl’ion



Fast

* Premier Integration

« Software Tools:
* Add On Profile (AOP) for Studio5000
» Device Profile for Connected Components Workbench
 Embedded DeviceLogix™ control

Flexible

* Mix and match option cards for I/O flexibility
* Built-in dual port EtherNet/IP

« Best-in-class footprint to install anywhere

Uniform
* LV-MV common features
« Common spare parts and documentation

PUBLIC | Copyright ©2020 Rockwell Automation, Inc. | 9 E| l'z-’ Eafm:ﬂon



Premier Integration
Seamless drive and control system integration improves productivity throughout project lifecycle

Best-In-Class Footprint

Scalable control
architecture

M Design productivity Machine Productivity

Expandable Options

Configurability

:..O....o..:
Common development environment I| Application code libraries o] '
reduces overall time to program and L) e e e, i
commission a system Automatic Device
—— Configuration Plant control

e system
Mobility & visualization

Secure Infrastructure

Energy Efficiency

Manufacturing
Intelligence and

Unique Modular Designs -
Operations

(, Roclwwell
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Rockwell Software

Studio 5000

Logix Designer

Network Interface Software Tools

Easily configure and program using Studio 5000 Logix Designer

Achieve an unmatched level of integration with Logix
Programmable Automation Controllers (PACS)

« Single development environment to configure and program your entire L —
O S

control and device system

« Similar look and feel for low voltage drives and medium voltage drives

Type: PowerFlex S000T Gen Purpose Dre
Name: VFD_LabPFE000
Ordge 2/ Ling #: Gan Purpose Drv
Dvive Fating:

Revision: 1001

Address: 192168111

[Electronic Keying: Compatible Module

|_Devce Defeetion |

PowerFlex 6000T AOP selection in Studio 5000

PUBLIC | Copyright ©2020 Rockwell Automation, Inc. | 11 E| l'z" R:ﬁl’(n":gﬂon



Network Interface Software Tools A

Easily configure and program using Connected Components Workbench software Components
Workbench™

Software

» Free software (standard edition) helps you get your drives up and running
with an intuitive interface and configuration wizards

« From the Device Toolbox, insert new devices from the Device Toolbox ﬁ =
catalog or discover connected devices — : ——

» Provides a similar look and feel for low voltage drives and medium voltage PowerFlex 6000T example screen in
drives Connected Components Workbench software

(, Roclwwell
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Built-In DevicelLogix DeviceLogix’

Flexible and cost-effective solution, especially for standalone applications

Process logic locally, either independently or complementary
to supervisory control, to reduce demands and dependency on B
the controller and network throughput, increasing productivity e

vt ooica { Comprnin ) Gemgars ) TrToower ) Frecens ) Fair

» Easily configure with Studio 5000 or Connected Components Workbench

« Enhance productivity for standalone applications

« Simple programming tool

[SLeTa T\ Mamiie,

DevicelLogix capabilities are also leveraged
to provide added PF6000T functionality

-79% Rockwell
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One Common Control Pod

Patented slot-based hardware structure for option cards

Five option slots allow you to easily and quickly add or
reconfigure I/O cards - to suit process changes or your
evolving needs

Same pod for PowerFlex 755T and PowerFlex 6000T drives

Conformally coated

Mix and match

Helps future-proof applications

PUBLIC | Copyright ©2020 Rockwell Automation, Inc. | 14

-79% Rockwell
AurFomalkion

option slots (7, 8)

option slots (4, 5, 6)

Control pod — option slots (4-8)



Best in Class Footprint*
“A” Frame Dimensions - Available from 2.4...4.16 kV (up to 215 A)

Frame Al*

Width:
47.6” (1210 mm)

Depth:
49.2” (1250 mm)

Height with fan:
110.2” (2798 mm)

Height without fan:

91.7” (2328 mm)

0..70 A @ 60 Hz
0..54 A @ 50 Hz

71..140 A @ 60 Hz
55...140 A @ 50 Hz

PUBLIC | Copyright ©2020 Rockwell Automation, Inc. | 15

Frame A2

Width:
63.4” (1610 mm)

Depth:
49.2” (1250 mm)

Height with fan:
113.7” (2888 mm)

Height without fan:
91.7” (2328 mm)

141...215 A @ 60 Hz
141...215 A @ 50 Hz

@ Roplowen

Frame A3

Width:
75.2” (1910 mm)

Depth:
49.2” (1250 mm)

Height with fan:
113.7” (2888 mm)

Height without fan:
91.7” (2328 mm)




Operational Savings

Higher power motors lead to potentially higher energy savings and quicker return on investment

MV VFDs provide adjustable speed operation for
centrifugal pumps and other variable torque
loads

- eliminate control valves and their maintenance
- save money through energy savings

« 1000 HP motor running continuously for 20 years
will use about $14,000,000 US in electricity

- Using a VFD typically saves about 25% of that
cost - $480 per day ($175K per year)

- MV VFDs typically pay for themselves in 1-2
years

*in most cases PUBLIC | Copyright ©2020 Rockwell Automation, Inc. |

Centrifugal Fans and Pump Performance Curves

Specific equipment will vary from the general case at
high static pressure and low flow rates.

Power penalty area |

Static
pressure Fan or pumping-system curve
(SP)
— Throttling control curve |
\'ar'lluble | B Variable drive-speed
static i control curve
pressure SP .
2 Family of fan or pump
’\_\\ curves for lower
operating speeds

System -
fixed static — Intermediate Full speed
pressure 40[ Low speed \ speeds

Operating Flow volume

flow rate

' W Throttling control|on constant-speed fan or pump
SP, sP,
e |
[Fotor —(— Jennituga System flow
| B |Variab|e drive-speed :onirollon fan or pump
sP,
|
[ VFD_}—{ Motor }_@entrifugul System flow
16 -7\ Rockwell

AurFomalkion



PowerFlex 6000T Low Harmonic Topology

Cascaded “H” Bridge Topology provides inherent harmonic mitigation and high input power factor

Phase-shifting CHB Converter
Transformer 777777 T co T !
' o :
i @—L—#4 Un |
[ [ vn |
- e w \
| | 1 |
@ ‘“:Q—) @—%: : u2 i | g

« Inherently high input power factor I e S I R 10 3 0 55

: @—f%:‘ Ul : Power Cell  (Optional)
: : N Coma vi |
 Low input harmonics to meet IEEE 519-2014 and other global - ot ;
harmonics standards* ]

CHB topology - simplified three-line drawing

Primary Current (A)
T

Typical line-side current waveform (Phase A)

-79% Rockwell

* in most cases PUBLIC | Copyri ) i
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High Efficiency — Lower Operating Costs

Optimized drive component efficiency

{RIIRIIR]

+ High efficiency design cooling fans (standard) L
* High efficiency design isolation transformer (standard) I R0 Y B

« Sensorless Vector Economizer mode (standard)
- one of 3 standard selectable motor control modes

-79% Rockwell
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Avoid Equipment Downtime

Power cell bypass, key component redundancy, and ride through

Optional capabilities deployed individually or together can help to

. . . . .. . . Phase-shifting CHB Converter
further maximize uptime - enhancing productivity and profitability [ o :
i & i '| | Vn i
N B : Wn \:\
N R | Y
« Automatic Power Cell Bypass (Optional) Ors® kans vl ais | o=HIITESE
i & i : * : dpm | AhiE Ceﬁg\;);sjs
. | @-%I | : ower Ce (Optional)
- Any power cell in any phase can be bypassed B Faion S r IR D
 Jot ;

- No size penalty

- Available for all voltage and current configurations
Power Cell Bypass Configuration
Any power cell in any phase can be bypassed

-79% Rockwell
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Avoid Equipment Downtime

Power cell bypass, key component redundancy, and ride through

—\ “IFan! -

» Redundant Cooling Fans (optional) e S In

i |

. Every fan is individually monitored with automatic switchover bbb 1

Standard Fan Configuration — Top Plate
Frame A2 Example (Top View)

 Redundant Power Supplies (optional)
- Each power supply is individually monitored with seamless L -
switchover ! | Fan |
T~
| Fan |

Redundant Fan Configuration — Top Plate
Frame A2 Example (Top View)

-79% Rockwell

PUBLIC | Copyright ©2020 Rockwell Automation, Inc. | 20 A -
uFomation



Avoid Equipment Downtime

Power cell bypass, key component redundancy, and ride through

Customer-supplied : M8
|
1

1
—_— 1 Transformer |
Control Power ’ » To Control Circuit
M9
] | —
1

« Automatic control power loss detection and switchover (standard) TR T 2T L
Automatic switchover control power circuit

15/8A Frame B ~----——-'

Integral MV Transformer

- If customer-supplied control power is lost, the drive will
automatically switchover to internal power

HOa B {Cy

« Medium voltage line supply voltage dip ride-through

Duration of V ge Sag in S d

- 5 cycle 100% MV power loss ride-though capability is ol 1 T
standard =
. With optional UPS: g =
. Compliant with IEEE 1566 ride-through requirements g -
&
- Compliant with SEMI F47 ride-through requirements o

SEMI F47 Ride Through Requirements

PUBLIC | Copyright ©2020 Rockwell Automation, Inc. | 21 e A“gfmgll%on



Flexibility — Synchronous Transfer System

Controlled starting and speed control of multiple motors with one drive

MOTOR #2 VFD QUTPUT AND MOTOR #1VFD OUTPUT AND VFD INPUT AND OUTPUT CONTROL AND VISUALIZATION /
BYPASS CABINET BYPASS CABINET CABINET OUTPUT REACTOR CABINET T oo VFD CABINET
— _ S | _ -
Fixed I T T T T T T T —— T N B I 7 [ |
|
frequency bus ' i ' '1 ' ' i y ’
POINT I/O | POINTI/O | | POINT 170 X r I
|
I i I ; |
| ; I : e
[ | ! I | |
EypmsseT | | Inpyt T ! - 3 | :
_3| | ! i | | : __éTE B : : q |
T Bypass I T Bypass | i Input ey | I i
Contactor | Contactor | Contactor 1
|
! ; l LV Control Panel I
ormimimanl : PELTETETLIEN \ ! o ! .
H i i i !
i i Protection } : i Protection ! i ; [
i Relay 1 : i Relay ! ; i I
i ! i ; [
[ HE ' H ! | —
H . e
| S J— L. "|""". I rvTv\
I
EtherNet/IP
- - VFD
Variable .‘ .‘
frequency bus | | | -
Tt e B VFD Output :
Isolation Switch
Output FT Clu:jllrFT
I E— 3| 3l Output Reactor
" Dutput Output A B
Contactor Contactor
X% !
& o & o |
_ ] _ —_ ] _— ]
!H’ = T * Simplified power cabling is shown. Cabling enters/exits
M El - through access openings in cabinet top or bottom plates.

Two motor system example - UL/CSA version — single line

-79% Rockwell
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Flexibility — Synchronous Transfer System

Controlled starting and speed control of multiple motors with one drive

Two motor system example - UL/CSA version - with MV Starter units

-79% Rockwell
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Enhanced HIM Interface

Delivers a simplified user experience for at-a-glance
monitoring, intuitive control, and in-context diagnostic help

( Pumpl

£ 1001102

OVERVIEW

Monitor what Matters

Device Definition

» (Get started with a pre-configured
Metering and Status Dashboard

Power Configuration

« Display meaningful data for your system
with Dashboard Customization

« Navigate anywhere with Status,
Feedback, and Direction displayed
alongside the Control Bar

At Reference
10.000 Hz (Forward)

PUBLIC | Copyright ©2020 Rockwell Automation, Inc. | 24

Dashboard Custom Group 1 -

Motor Voltage Fb

0.99

VAL

L1 D

Stop Start

Aulomaltion

(, Roclwwell

A
u

A

® Running
Q Jogging
Q stopping
(O Dbc Braking
(O DB Active

@ croad hinda

Ctrl Pod Temp

41.25

Output Current

Custom Group 1 - 7 O
Motor Side Sts 1
@® Ready @® AtSpeed
@® Active QO Manual
@® commandDir (@ spdrefBit0
@® Actual Dir QO spdrefBit1
QO Accelerating (O spdrefBit2
M Nacslaratina M ondosf Bt 2
PARAMETERS DIAGNOSTICS
= G
DC Bus Volts
VDG
Output Voltage
VAL

6.89

VRef Commanded

10.00

> ©

Jog Vel Ref

$ A

Clr Trip

Dir

O Atzero Speed

O AtHome
O atLimit
O curLimit
(O BusFrq Reg
A Erohis An
By f:J

Output Frequency

10.00

Hz

Output Power

0.57

kW

AC Line Freq

60.49

Control Bar @[

Control Bar @[




Enhanced HIM Interface

Delivers a simplified user experience for at-a-glance
monitoring, intuitive control, and in-context diagnostic help

{ Pump 1 By
OVERVIEW PARAMETERS DIAGNOSTICS
WatCh It Work Dashhboard No actions available
« Get a bird’s-eye view of the system with Device Definiton © ® ® ® O O
. . Precharge MV M\_n’ Ready Door(s) ESTOP
Power Configuration screens Done Close  Appled Open
« Evaluate the readiness of the system
with Status Indicators
Main Device PFa0O00T Motor
% —Hh
At Reference AR
10.000 Hz (Forward) QOD E,[ IJ: et ei? C%p Control Bar @
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Enhanced HIM Interface

Delivers a simplified user experience for at-a-glance
monitoring, intuitive control, and in-context diagnostic help

UDC_6000T
192.168.1.162

OVERVIEW

PARAMETERS DIAGNOSTICS

Clear Trip Clear Log

Root-Cause Analysis Made Easy et

 Draw correlations between drive
conditions with a Chronological Event
Log

« Remove the clutter with Port, Type, and
Text Filters

« Troubleshoot more effectively with In-
Context Help

Faulted
0.000 Hz (Forward)

PUBLIC | Copyright ©2020 Rockwell Automation, Inc. | 26

Type Timestamp

2020-03-18

Event 07:40:52.147 PM

2020-03-18
07:49:51.303 PM

c Fault 2020-03-18
07:49:50.855 PM

Input device failed to open.

Fault

Count Action
1 Coast Stop
Event 2020-03-18
07:49:49.717 PM
o 2020-03-18
-7\ Rockwell
Aulomaltion

Description

Met 10 Open

OutDve FailOpen

InpDvc Fail Open

CtrlPwr Customer

Code

362

195

187

14316

Control Bar

Port

0

0



Power Measurement Capability Built-In

Measuring current and voltage, input power information is calculated to help
you understand power use and issues in this part of your process and can be
incorporated into your overall power management system

Extensive input power monitoring functionality:
- kW
- kKVA
- KVAR
- elapsed kWh / MWh
- power factor

- projected demand
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PowerFlex 6000T

‘echnical Specifications

Typical Applications

Variable torque and constant torque (non-regenerative)

Drive System Configurations

Standalone or Synchronous Transfer

Drive Cooling Requirements

Air-cooled

Motor Voltage Rating

“‘A” Frame — up to 4.16 kV, “B” Frame - up to 11 kV

Motor Current Rating

“A” Frame — up to 215 A, “B” Frame - up to 680 A

Output Frequency

1...75Hz

Motor Types

Induction

Regenerative Braking

No (two quadrant operation)

Motor Cable Lengths

Up to 800 m (up to 2 km with additional output dv/dt filter)

Rectifier Pulse #

18...54 pulse diode

Inverter Devices

IGBTs

PUBLIC | Copyright ©2020 Rockwell Automation, Inc. |
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PowerFlex 6000T

‘'echnical Specifications - Continued

Efficiency

e <373 kW =96%
« 373 kW and above = 96.5%

Input Voltage Tolerance

+/- 10%

Input Voltage Sag

-30% of nominal, up to 60 seconds

Input Power Factor

>.95

VFD Noise Level

. <215A=280dB(A)
. 215...680 A = 85 dB(A)

Speed Regulation

0.5%

Operator Interface

10” Windows 10 IoT Color Touch Screen

Communication Protocols
(optional)

EtherNet/IP, Modbus-RTU Slave RS485, Modbus-TCP, Modbus-PLUS Slave
RS485, PROFIBUS Slave, PROFINET IO

Enclosure

IP31 (standard), IP42 (optional)

Design MTBF

100,000 hours

Design Standards

NEMA, ANSI, IEEE, UL, CSA, IEC, CE, EEMAC
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PowerFlex 6000T

‘'echnical Specifications - Continued

Conformal Coating

All main control boards, option cards, power cell control boards

Cable Entry Direction

Top and Bottom: Removable cable access plates for line and load power
cabling and control wiring in top plates and floor plates

Rear Access Required?

No. Front access only required for installation and maintenance

Surge Arrestors

Standard for all configurations. No footprint penalty.

Precharge Circuit

« <200 A not offered

« 201...407 A, offered if Isc/IL >50

« >408 A always included (adds 1205 mm (40”) wide cabinet — all
configurations)

Product Installation

Overhead lifting or forklift handling capability
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PowerFlex 6000T

Medium Voltage Drives

First Lastname ¢ Title Goes Here | 02 . 01 . 20
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