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The Future of Industrial Operations
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Our differentiated approach ©

Al is natively integrated into core
production functions.
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Services designed to scale

and support offerings

Manufacturing Lifecycle Management
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Operations systems that

self-organize plans, schedules,
recipes and resources

OPERATIONS

Manufacturing Execution System

Maintenance systems that self-diagnose asset

problems and recommend work orders

@ OPERATIONS
i1 MANAGEMENT
Demand . e
Scheduling Quality Inventory " e MAINTENANCE
Maintenance Management System
LOGISTICS Logistics with ’
greater levels Cloud
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Material Handling Fleet Management

AUTOMATION
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Human Interface

Controllers

Sensing ASSET g‘n?)t:-?vl

Platform used internally to enable
repeatable building-blocks

AUTOMATION
FRONT LINE

Process State
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Product Quality

Production Automation | Digital Operations | Cybersecurity | Production Support



---------- Production Function ---------~

Rockwell Automation integrated Al vision
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Proactive

APPROACH

Maintenance
Planning

Regularly scheduled maintenance
2rforming maintenance Based on time intervals or equipment

oblems occur Cha"enges manufacturer recommendations

¢ Unnecessary, frequent
planned downtimes

Jnexpected equipment failures

~ Expensive repairs
- . ¢ Increased need for
h_ ¢ Costly unplanned downtime maintenance resources

2 Lost production during extended ¢ Expensive asset maintenance
downtime events or replacements

-7 Rockwell
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Predictive
Maintenance

Condition-based monitoring
with analytics applied

N

Q\/_H’ Use analytics or machine learning Increased Production

B to predict upcoming asset failures Maintenance engineers can plan
downtime for repairs, reducing the
amount of time offline

PUBLIC « Copyright ©2023 Rockwell Automation, Inc. 6 (1' I!" Analc'gﬂw'\gll'=on

I]I]l] | Monitor the current R E S U L T S
—— condition of the asset

Cost Savings

Maintenance tasks are performed
only when required

Maintenance engineers can plan to have
the right resources and parts required
when they do maintenance



Predictive Maintenance via Condition Monitoring

Impact on Operations

One of the top
applications for
Al-enabled devices,
and is expected to
have an installed
base of 9.8M within
the next b years

Canreduce Favored by
machine downtime 80% of maintenance
by 30%-50%, personnel as part of

and increase a multi-faceted
machine life by maintenance
20%-40% strateqgy

-7y Rockwell
Automaltion
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INTRODUCING

Monitor critical assets
on the plant floor

|ldentify anomalies before
they become critical

u‘g Rockwell
Aultomation




@ Analytics’ GuardianAl

Machine learning for predictive maintenance at the edge

£

e d Im <

Use existing devices No data science Advance from anomaly Analyze at

as sensors. required. detection to anomaly the edge.

identification.
Get more insights out of your Empoweryour OT Minimize investigation time with Train and run right at the edge for
existing equipment data professionals with context about the type of failure near real time predictions
easy-to-use machine learning thatis going to occur
PUBLIC « Copyright ©2023 Rockwell Automation, Inc. 9 A Rockwell
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Use existing
d GVi ces as @ Analytics GuardianAl”
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Leverage drive data for predictive maintenance @) Analytics Guardianal

Use existing devices as sensors

* Acquires buffered drive signals via trend object
* 3 phase current data, 4096 points per buffer acquired every

DeteCt upcoming eq uipment 4 seconds (Motor Current Signature Analysis)
fa”ures Via electrical Signal analysis * Performs time and frequency domain analysis

» Datafidelity is enhanced algorithmically

» Useful in detecting bearing fault, stator fault, broken-bar,
- misalignment as well as application related faults

0 Analytics

L1l

cEcCcEcEcE ——

h
ASSET Device @) Analytics GuardianAl ALERTS
Pump | Fan | Blower Variable-frequency Drive | Anomaly Detection | Email
More to come... Anomaly Identification
PUBLIC « Copyright ®@2023 Rockwell Automation, [nc. 11 A Rockwell

Aultomation



Premier integration with PowerFlex® drives

QAnalyﬁm"GuardianAl“

Use existing devices as sensors

With a comprehensive range of power options and innovative
features, PowerFlex variable-frequency drives bring performance
and capability to a wide variety of industries and applications.

PowerFlex 755 drive

Low voltage drive suited fora

wide variety of motor control

applicationsincluding pumps,
fans and conveyors

PowerFlex 755TL TR & TM drives

Provide harmonic mitigation,
regeneration and common
bus solutions

PUBLIC « Copyright ©2023 Rockwell Automation, Inc.

PowerFlex 755TS drive

Suited for common traditional variable-
frequency drive applications and
specialized applications that require
high performance motor control

.78 Rockwell
Aultomation

PowerFlex 6000T drive

Medium voltage drive suited
foravariety of applications
including fans, pumpsand
compressors



Out of the Box Supervision for Plant Assets @) Analytics Guardianar

Use existing devices as sensors

Pumps Fans & Blowers Motors

-7y Rockwell
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No data science
required

@ Analytics GuardianAl”

7N Rockwell
Automaltion




4 step workflow for no code machine learning @) Analytics Guardianar

No data science required

O— o-> Ziccc]
158 2.3 3EE 4/

Complete Establish a Monitor plant Notify the user
initial setup baseline of each assets when an anomaly
asset’'s behavior is detected
PUBLIC « Copyright ®2023 Rockwell Automation, Inc. 15 e Rockwell
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Step 1: Complete initial setup @) Analytics Guardianal

No data science required

P Corfguration ——— [ Configuration Pv——
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GUIDED USER EXPERIENCE FOR FIRST TIME INITIATION

Deploy the web application on a Connect the drive by Add and specify the
local virtual machine or edge entering the IP address asset to be monitored
device
-7\ Rockwell
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Step 2: Establish a baseline @) Analytics Guardiana

No data science required

TRAIN A MODEL TO UNDERSTAND ASSET BEHAVIOR
UNDER NORMAL OPERATING CONDITION

Train the model using live data from the drive as it's running
with no impact to operations

° Tune baseline signature for each asset and process behavior

fEEEiiicggiee

e Track training progress with the frequency map

e Continuously train deployed models to maintain model quality

73 Rockwell
Aultomation
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Step 3: Monitor plant assets @) Analytics Guardianar

No data science required

CONTINUOUS ASSET HEALTH MONITORING
DURING PLANT OPERATION

e Runs in the background with no user action required

VIEW A SUMMARY OF THE ASSETS
BEING MONITORED

° Clearly visualize the number of healthy and at-risk assets

-73 Rockwell
Automaltion
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Step 4: Notify the user of an anomaly @) Analytics Guardianar

No data science required

GAIN INSIGHTS INTO RISKS AND DEVIATIONS

° Alerts sent to user via email . emviwry  Fallure sk 000001

) ey 2070 82243 | Becge Nareof e sncige

° Understand the most probable cause of failure and the severity of the risk

Find out the length of time a deviation remained active and the how
far the data deviated from normal

LABEL DEVIATIONS

° Leverage embedded expertise or label the detected anomaly

-73 Rockwell
Automaltion
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Advance from
anomaly detectionto | Gpanayticsuardanar
anomaly identification

7N Rockwell

Automaltion




Quality and depth of insights are critical @) Analytics Guardianal

Anomaly detection to anomaly identification

Anomaly deteCtlon tells you that there is a risk
Anomaly identificatiOn tells you what the risk is

FactoryTalk® Analytics™ GuardianAl™ leverages
high frequency data to identify the type of equipment failure

Maintenance engineers spend less time investigating issues
and more time planning and performing repairs

"
|
-,
"
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Two methods to make the advancement

EMBEDDED EXPERTISE

FactoryTalk® Analytics™ GuardianAl™
recommends causes of faults

Pump is cavitating

@Andyﬁu'cuardiannr

Expert Input Expert-driven Continuous
Analysis

Anomaly Output

bujuies

Baseline, Known
Deviation Expertise

MOTOR CURRENT SIGNALS

@Arayﬁos"euardianm"

Anomaly detection to anomaly identification

USER CLASSIFICATION

Train FactoryTalk Analytics GuardianAl
to identify anomalies specific to your operation

@ Analytics GuardianAl®
Expert Input Continuous
Y
)
E
Bl
=]
Anomaly Output
Known
Expertise

MOTOR CURRENT SIGNALS

PUBLIC « Copyright ©2023 Rockwell Automation, Inc. 22
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Embedded expertise @) Analytics Guardianal

Anomaly detection to anomaly identification

EMBEDDED EXPERTISE . First principle faults detected out of the box

FactoryTalk® Analytics™ GuardianAl™
recommends causes of faults

Pump is cavitating

o Analytics GuardianAl®

Pumps

Impeller Unbalance
Blade Fault

Cavitation

Viscosity Changes

Shaft Misalignment
Change in Fluid Dynamics

A VAN NN NN

Fans and Blowers
Blade Misalignment ¥ Motor Fault

v
Expert Input Expert-driven Continuous 7 Eee Uk ; EhaféMis'aligpmlent
Analysis 2 v Blade Wear an Bearing Fault
E] v Loose Blade
3 v’ Electrical Fault

Anomaly

Motor Analytics
v

Baseline, Uilelkee Ball Bearing Fault

Deviation Expertise g Ubalance ¥ et Race bearng
v Loose Structural Fault
Mounting(Soft Foot) ¥ Outer Race Bearing
v Mechanical Fault
Looseness v" Bearing Cage Fault
v Rotor Rub

MOTOR CURRENT SIGNALS

78 Rockwell
Aultomation
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User classification @mvwsuamiaw

Anomaly detection to anomaly identification

USER CLASSIFICATION ! Continuous Learning

Train FactoryTalk® Analytics™ GuardianAl™
to identify anomalies specific to your operation

Enhance FactoryTalk Analytics GuardianAl with
Al by labeling and training new failure modes

Contextualize new faults that occur by incorporating
feedback directly from maintenance engineers

oAndyﬁca'GuardianAr
° A contextualized signature is automatically embedded
Expert Input Continuous
Anomaly Output 2
Known
Expertise

MOTOR CURRENT SIGNALS

PUBLIC «Copyright ©2023 Rockwell Automation, Inc. 24 2T R:f:weggon



Analyze
at the edge

@ Analytics GuardianAl”

7N Rockwell

Automaltion




Analyze data where it originates @) Analytics Guardianal

Analyze at the edge

Edge Deployment Edge Analytics i  ControlLayer | Drives/Monitoring i Example Assets
: Anomaly Warning Tags PowerFlex®
E + (755,755T,6000T)
CJE Process Data
@ = Pump
Edge’Manager 5 I

)

Manual Container
Deployment

Fan/Blower

Electrical Signature

0 Analytics GuardianAl”
Al based asset monitoring and
anomaly detection deployed on local C
VM or edge device - Motor
-7y Rockwell
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D e m o @ Analytics GuardianAl”

7N Rockwell
Automaltion
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U Ser c ases @ Analytics GuardianAl”
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CUSTOMER SUCCESS: HEAVY MACHINERY

Minimize downtime
with predictive
maintenance insights

OBJECTIVE

A heavy machinery manufacturer uses a
set of cranes, hoists, conveyors and other
equipment to move and position flasks
during the metal casting process.

They have experienced several equipment
failures that lead to significant downtime
of the flask transfer system.

The equipment faults were often
preceded by a very slow drift in
mechanical performance over time,
making it difficult to detect upcoming
failures and plan maintenance.

RESULTS

APPROACH

FactoryTalk® Analytics™ GuardianAl™
was deployed to provide continuous Al
supervision of the plant assets.

The Al application used existing
PowerFlex® 755 low voltage drives as the
main source of data to predict upcoming
equipment failures.

When a drift in mechanical performance
became critical, an alert was sent to the
user so they could plan when to take the
system offline, perform maintenance and
return it to operation.

» Avoided unplanned downtime events through early detection of loose pinions,

gearbox failures and bearing faults

* Optimized maintenance resources by understanding the type of equipment
failures in advance and planning for repairs appropriately

29 -7 Rockwell
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CUSTOMER SUCCESS: MINING

Improve worker
safety with
predictions about
equipment failures

OBJECTIVE

Ventilation systems are essential to mining
operations. They help to deliver the safety

and well-being of the miners by circulating

fresh air and removing stale air, hazardous

gases and dust from the mine.

Any unplanned downtime of a mine’s
ventilation system endangers miners and
results in substantial lost revenue.

RESULTS

APPROACH

PowerFlex® 6000T medium voltage
drives are used to drive the ventilation
system fans.

FactoryTalk® Analytics™ GuardianAl™
leverages data from drives to identify
anomalies in the ventilation system
operation.

The maintenance team is alerted when
anomalies occur so they can perform the
required maintenance on the system and
correct the issue.

» Helped prevent unplanned downtime by detecting fan blade alignment issues

* Increased miner safety by predicting equipment failures before they occur

-7 Rockwell
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CUSTOMER SUCCESS: METALS

Increase profitability
with asset health
monitoring

OBJECTIVE

Rotary car dumpers or wagon tipplers are
used to unload rail cars by tipping them.

The wagon tipplers are complex machines
with multiple synchronized motors that
drive a common shaft to support the load of
the rail car during loading and unloading.

Due to the weight of the rail cars, any loss
of wagon tippler control results in
equipment damage. Any delays on the
railway caused by the damage and
associated repair time results in penalties
to the manufacturer.

RESULTS

APPROACH

The wagon tippler motors are
controlled with PowerFlex® 755 drives.

FactoryTalk® Analytics™ GuardianAl™
was deployed on a server at the edge
and interfaced with the drives using
Ethernet IP.

The Al application used each motor’s
current consumption pattern to
monitor the motor’s health and predict
upcoming system failures.

* Abearing anomaly was detected on one of the wagon tippler motors providing
early maintenance insights and saving ~9 hours of unplanned downtime

* Reduced railway penalties

31 -7 Rockwell
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@) Analytics GuardianAl

+) Monitor common and critical assets on the plant floor
+ |dentify anomalies before they become critical

Summary +) Reduce time spent investigating equipment failures
+) Plan maintenance based on each assets condition

+) Minimize unplanned downtime and maintenance costs

-7 Rockwell
Aultomation




Where are we going with FactoryTalk® Analytics™ GuardianAlI™?

Optimized for the Rockwell Automation Intelligent Devices Portfolio

Expanded Drives Support Vibration Monitoring iTrak/Kinetix

-7 Rockwell
Aultomation
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Integrate with computerized maintenance management systems

From anomaly detection to maintenance planning

FactoryTalk®

. o Analytics™
Answer questions like: GuardianAl™
Notification
€5 Whatis the remaining asset life?
Reset -
L Deviation or
How should | optimize maintenance praning \dentified

. s : Risk
planning around scheduled downtime? (optional) S

s

Identified
Not an Issue Root Cause
Train FactoryTalk

Analytics Train FactoryTalk

GuardianAl Analytics
GuardianAl

° Where do | schedule work
orders to deploy maintenance
resources?

Assets operating

Schedule efficiently on the Work order
Corrective plant floor generation

Action (Investigation)

Issue

Validation

-7 Rockwell

PUBLIC « Copyright ©2023 Rockwell Automation, Inc. 34 Automation



Thank you! | @ ansiticscuardenr

7N Rockwell
Automaltion
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Lig Rockwell
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expanding human possibility”

@ Allen-Bradley €Y Services @ FactonyTalk

by ROCKWELL AUTOMATION by ROCKWELL AUTOMATION by ROCKWELL AUTOMATION
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