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What is Predictive Maintenance and Condition Monitoring?

Cloud and edge
computing

IoT sensors
phycial activity _.f,
monitor ’/ :

Health
coaching
team

Smart
log system

= [loT is simply sharing real-time data via = P+F sensors act like your smartwatch

connected sensors within a machine to telling you how you are doing
provide data about a business/mission
critical process = Smartwatch sensors will measure
BloodOx, heart rate, sleep, and stress to
= Vibration, temp, pressure, and flow will determine body health and training
help measure condition and machine progress
health
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Applications in lloT Using Digital Twins

Digital twins, powered by real-time data integration, are revolutionizing business operations

HRV Status Help

across industries:
Optimize production lines in real-time s
Enhance fleet management with live vehicle data e
Improve warehouse efficiency and reduce errors

Make smarter, data-driven decisions faster than ever before

= Digital twins provide a business the ability to visually see how an operation is )
operating and provide guidance on how to repair or maintain a machine/process f’é“a‘"‘“g Status

ahead of machine failure

Maintaining
Load Focus - Low

= Back to the smartwatch example, if stress spikes or HRV drops dramatically you e A

HRV Status

have suggestions on how to fix the condition

= Digital twins will assist you in the prescribed maintenance for the machine to keep it . S
Operatlng Optlma"y Last 4w Since Feb 4
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Vibration Monitoring to Determine Bearing Wear

Vibration Monitoring Coupled with Temperature and other sensing technologies provides a real-time view

Typical bearing defects are the following: Bearings used in industrial applications:
= Quter race defects = Fans and turbines
= Inner race defects = MRIand MedTech

= Rolling element defects = CNC machines
= Packaging equipment
= Oil & gas

= Robotics

= Cage defects

= Multiple component defects
= Bearing lubrication problems
= Misalignment

= |Looseness
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Maximizing Mill Uptime with Predictive Intelligence
Al-Powered Digital Twins for Cross Joint Reliability and Performance Optimization

Load accumulation
over cycle
Load Cycles

Kinematic & O
Compliances

Wear Model o

&k =k ) | L
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Key Challenges

A

Failure Drivers:
Lubrication issues,
axial/lateral loads, slab
temperature, and
torque.

&

Wear & Tear: High
operational loads cause
wear on cross joints,
yoke, and rollers.

Solution Framework

0 3

Virtual Sensors Hybrid Modeling

Al Models: Detect early
signs of wear/lubrication

Simulate load,
temperature, lubrication
status.

High-frequency data
monitoring.

Tribology: Model
lubrication behavior and
frictional heat.

MBD & Multiphysics:
Simulate themal,
mechanical, and motion
loads.

failure from historical data.

%l

Downtime Impact:
Unexpected bearing

failures disrupt
production.

8%
Failure Predictions

Cross & Yoke Wear:
Predict fatigue and
cracking points.

Roller Wear: Detect
misalignment and surface
degradation.

Lubrication Issues:
Forecast breakdowns,
starvation, and friction

spikes.

Case Study # 1

+15% MTBF

Higher reliability through
early fault detection

12% Less
Downtime

~$300K annual savings

+3% Output

Improved slab throughput

Longer Asset Life

Reduced wear and stress

Smarter
Maintenance

Predictive scheduling cuts
emergency fixes
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Online Shaft Power Measurement for HSM Efficiency

Real-Time Shaft Power Monitoring for Smarter Roughing Mill Operations Case Study # 2

Key Challenges
30% less
downtime

Transistor
Poor data-to-

Frequent BDM Unexpected action
crosshead production conversion for
failures downtime maintenance

Powered from Rotor belt (5V)

Improved
Reliability

IP65 rated

Downtime %

Transmits 2 channels of strain
No real-time High unplanned
shaft maintenance

torque/power costs
data

Wi Fi 2.4GHz

S300K+
saved

Acts as strain protection cover

In Annual
Maintenance

Solution Framework
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STATUS LEDS

S0.5M
Avoided

In Repair/
Downtime Costs

------ : “
transmitter
Health Operational Data Storage Predictive
Monitoring: Parameter & Analysis: Analytics:
Monitoring:
*Contactless *Edge server-based  *Scalable data *Correlates torque

sensors for shaft real-time data logging to enable and operational
torque & speed. display. long-term analysis. parameters.

*Accurate, real-time  *User-friendly *Structured data in *Al-driven models
torque/speed data interface for CSV format for for predictive
capture. anomaly detection. future insights. maintenance.

o
©
o
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s
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Inductive Power Receiver

5%
Efficiency
Gain

Efficiency %

in Roughing Mill
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Prescriptive Maintenance for ID Fans in Steel Melting Shops

Al & Hybrid Modelling for Vibration Control and Failure Prediction

DIGITAL MODEL

TUUI auwviiiauuvll, uul passivii.
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Vibration Shoot-Up

from clogging and
erosion
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| Virtual Sensors:
| Real-time load,

| temperature, and
| vibration

I monitoring

|

Key Challenges

£ A

Rotor Dynamics
impacting
performance

A

Critical Failures:
bearings, impeller
wear, clogging

=

[e]

High downtime
costs and reliability
issues

Solution Framework

Al + Hybrid
Modelling:

Al Models: Adaptive
prediction strategies

CFD: Airflow modeling for
imbalance detection

FEA: Stress analysis for
fatigue & wear points

o

Failure Predictions:

Bearings: Wear,
lubrication & failure

Impellers: Misalignment,
damage

Blades: Wear patterns,
stress-related degradation

Case Study # 3

20% MTBF increase »
higher reliability

16% less downtime,
savings ~ $400K /year

6% efficiency gain in ID
fan performance
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Prescriptive Maintenance for Coke Oven Exhausters

. . . . . . . . . P Case Study # 4
Improving Mechanical Integrity with Digital Twins and Real-Time Failure Prediction ase Stucy
Solution Framework Key Challenges
£ Digital Twin-based
o Asset Management 01 02 03 20% MTBF
Tar deposition on Frequent failures No historical fault Improvement
impeller causing in bearings and data to support
clogging rotor bars predictive insights
Hybrid Models for 12% lower

Iﬁ real-time tar

monitoring with alerts maintenance costs via

prescriptive strategy

Gear, box Impellers
Bearing Housing
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Scalable across all coke

Generation using
oven plants

@ Synthetic Fault Data
physics-based models

Failure Prediction for
motor, gearbox, and

a exhauster
(eccentricity, rotor bar
damage, gear/bearing
faults)

Cost savings from:
*Avoided CO gas flaring

*Reduced process disruptions
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Smart Conveyor Monitoring for Asset Performance Management
Predictive Insights for Belt, Idler, and Drive Health using Al & Cloud Analytics

Velocity of Moving object .
——

@OOOOOO OOOOOOOOOOOO
O0000o0

Initiation of wear Initiation Change in wear size and depth

= S
- ¥

Data based |
3D Vibration Sensor Templates

Health Condition Indicator
of Gear Box & Coupling

Your automation, our passion.

01

Belt & Idler
Wear: Causes
unplanned
downtime

02

Health Monitoring:

*Sensors for belt wear,
temperature, current
signals

*Predictive analytics for
faults like misalignment or
overheating

Drive System
Failures (Motor,
Gearbox,
Coupling)

Key Challenges

03

Parameter
Sensitivity:

load, and
environment

Solution Framework

G

Operational
Parameter
Monitoring:
*Real-time data on load,
speed, environment

*Al models for anomaly
detection & root cause
insight

Impact of speed,

04

Lack of Anomaly
Detection: Early
failure signs often
missed

Cloud Processing:

*Al-based failure prediction

*Scalable to multiple
conveyor systems

*Central dashboard for
alerts, trends, reports

Case Study #5

25% MTBF increase -
Higher asset reliability

20% downtime
reduction, saving
$300K/year

10% boost in conveyor
performance

Avoided catastrophic
failures, cutting repair
costs
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Digital Twin — IAPM
Detailed Views & Scaling by

Overview - World A Welcome () BOSCH

Blower_asset_123  Bidadi plant > Blower_asset_123
¥ Insights Ll Data +® Sensors

ASSET INSIGHTS

Overall Asset Health @
84.50/0 26 Warnings

Overview - World

Description
asset description will be viewable here

placeholder f, s asset details

Author hn [ 11-06-2. Misalign

g e

Synced 5 mins ago

[» DataMappers [ 10T Device [ Assets

Fiiter
Impeller

W B

KPI HIGHLIGHTS

OEE 1CO Downtime /' Uptime
84.5% $ 2122334 P 12 hrs Misalign

 Planned

Sensor Name Sensor D Sensor_Type: Connection Frequency (Hz) Algorithms Attached Asset

Vibration_sensor1 123456789 Vibration PLC 5000 Bearing condition +2 Centrifuga blower_123

.
-
I
L]

Vibration_sensor1 123456789 Vibration 5000 Bearing condition +2 Centrifuga blower 123

Avg. RUL Cost of maintenance Breakdowns Misalien! Vibration_sensor1 123456789 Vibration 5000 Bearing condition +2 Centrifuga blower_123

67% $ 937844 i :

Vibration_sensorl 123456789 Vibration ; Bearing condition +2 Centrifuga blower_123

Vibration_sensor1 123456789 Vibration 5000 Bearing condition +2 Centrifuga blower 123

Eccentri(
Vibration_sensor] 123456789 Vibration 5000 Bearing con

ANALYSIS . UPLOAD SENSORS

Vibration_sensorl 123456789 Vibration v 5000 Bearing con

Average Error Rate per Sub-Component > Fault Statistics > Spare pi LRt e R BRI HEsinGR

Vibration_sensor1 123456769 5000 Bearing con’

a5

GmbH, all right

& 2021 Robert Bosch GmbH 84 rights reserved

Download the
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Enterprise Architecture
Insights Interface

Dashboard

Blower_asset_123  Bidadi plant > Blower_asset_123

LF Insights i Data *® Sensors

1D 123456789 Type Blower

5 subcomponents 4
[&) Algorithms

[ Sensors

futhor John Doe | 11-06-23

KPI HIGHLIGHTS
QEE TcO MTBF

84.5% $ 2122334

Defect Rate

95%

Cost

$ 9370

ANALYSIS
Average Error Rate per Sub-Component

2021 Roben Bosch GmbH. all rights reserved

23.1%

Operating status

on

—~

Maintenance Status >

Starts in 78 hours

Synced 5 mins ag0

Downtime /‘

Unplanned
* Planned

of maintenance Breakdowns.

« Mechanical
Electrical
* Others

Fault Statistics

Overall Asset Health

84.5%

Uptime

12 hrs

Asset availability

16%

©

imprint Legalinformaton

& [ A JohnDoe e DEELLLET]

Blower_asset_123  Bidadi plant > Blower_asset 123

El summary  £F Insights “® Sensars

ASSET INSIGHTS Refresh Intarval

Select sensor types v 5 min

£ Warnings

Temperature

Misalignment detected

mpeller condition detected

Temperature (*C)

Misalignment detected

100 1200 1300 1400 1500 1800 17:00 1800
Misalignment detected

er 1 . pen M sensor 1 M Sensor2  [M Sensor 3

Eccentricity fault

Vibration - low frequency

Spare part stock up

Disclosure documents

© 2021 Robert Bosch GMEH, all fignts reserved

Machine/Building
level insight view

Pressure

Fatigue (m/s)

K [ & JohnDoe e

Last updated -
Fatigue RMS

100 12:00 0 1400 1500 1800 1700 1800

0.0008

1100 1200 1300 1400 1500 1600 1700 18:00

M sensor 1 M Sensor 2 M Sensor 3 M Sensor 1 M Sensor 2

Fatigue RMS
100 1200 1300 1400 1500 1600 17:00 1800 o
0.0045

0.004 |

/\ 0.0035 {

lmpriat  Lagalinformaton Disclosure documents

Machine/Building
level sensor/device
trends
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Enterprise Architecture
Alarm & Workflow Management

1. Depending on the rules, an alarm is raised

Dashboard Ticket ref.

MISALIGNMENT | Blower_123 | = A
Description

@ Fault frequency

5 23

EVENT DETAILS

Observed symptoms

Mechanical L 11 Higher Amplituc at BPFO frequency

2. If further action is needed, ticket number is followed up

MITIGATION

IMPACT
REMARKS

f| Sub-components Maotor Botor

3] Algorithm Misalignment

9 sensors vibration1234, vib_347

HOSET
Alarm and workflow )
Heat Treatment 34
management
interface

= = 3. Location and host site impact is defined to prioritize a ticket
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Digital Twin IAPM Paint Shop Project

Temperature Profile Monitoring + Meta & Diagnostic

Oven Volume Temperature Gradient monitoring
@ [ T [ T

T T — HewtUp 2

3D CFD & FEM simulation flow for transient effect
« Air flow & Temperature gradient at any give point

» Real time simulation with mapping of temperature
Sensors

B AT i Y
G i

0
[ms*1]

Temperature
196

CAD/Geometry Info

4

m

Heat Transfer Coef.

at Transfer Coef.

c Transient Thermal Effect

Meta & Diagnostic model — Health monitoring

Computation
Model

Dynamic Performance Curve

3D Vibration Sensor

Degradation
started?

* . ‘-d-!.:r

13800 spen|

Meta & Diagnostic models — Simulation-based

Physics Based
Meta Model

3D Simulation
Work-Flow

| N
-

) b 5 it
stochastic sampling

Live Process
Parameters

« What if analysis as per the change in parameters
« Set of best fit parameters & optimize energy consumption

Optimum Process Parameters

Critical Parameter
system KPI

Lalil. lalil
[t 1

i

Historical

process
data

Temperature,
pressure, air flow
rate, curing time

and conveyer

speed

Machine
learning/ deep
learning model

Process parameter Energy Optimization

Optimization

Analyze
trends/pattern

Your automation, our passion.
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Pepperl+Fuchs, Inc.

1600 Enterprise Parkway
Twinsburg OH 44087
USA

www.pepperl-fuchs.com

Contact
Brad Beale

+1 763 248-3765
bbeale@us.pepperl-fuchs.com
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