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Warranty Costs 0.5-5 % of Total Sales

US $ millions
BEVW Bl Mercedes BFord O Stellantis
BGM O BMW B Toyota M Hyundai
OKia B Honda Bl SAIC O Tata

$60,000

$50,000 +

$40,000 |

$30,000 £

$20,000 +

17 18 19 20 21

Source: Warranty Week
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Maintenance Costs 20-60 % of OPEX

INITIAL COST
10%
INSTALLATION COST

/

OPERATING COST
50%

MAINTENANCE COST
30%

BREAKDOWN OF PUMP LIFE CYCLE COSTS



fﬁvg. Cost of Unp‘lanned Downtime $187.000 /hour
in Heavy Industries

Leading Cause:
Equipment

Failure



Concept,

Specifications, Design
FMEA
FEA, Derating,
Reliability Modeling Analyze
verity & Testing: HALT, ALT
Validate esting: ’
Monitor & Fleet Data Collection,
Control Warranty Analysis
Maintenance Redesign

RCM Decision Tree
Predictive Maintenance
Spare Parts Control

Fault Tolerance
Fault Avoidance

© Arun Gowtham



Corrective

Maintenance o
13% Reduction in

Unplanned Downtime*

Preventive

Maintenance

*GE:Impact of Digital on Unplanned Downtime
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Preventive

Maintenance

47% Reduction in
Unplanned Downtime”*

— #----X

Predictive
Maintenance

*GE:Impact of Digital on Unplanned Downtime
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Maturity

Predictive
Maintenance (PdM)

g

Preventive
aintenance (PM)

(

Reactive
Maintenance

Evolution time
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There is no one solution for all
Maturity increases complexity

Challenges remain



To predict Equipment failure:

[ Need more data points ]

!

" Industrial Internet of Things
(IToT)

-

~

/

{ Need accurate predictions ]

!

-

Artificial Intelligence
(AI/ML)

~
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Applications

Avg Cost of lloT Sensor (US$)

Analytics Reporting Flanning Optimization Engineering Hl

W

Compute + Storage

The Network The Intermnet
I ] 2
Edge
The Edge
Gatewzy z Z “
7 7 7T 7
Hhdl
Real time Real time Real t ime I—I—I—I—I
eentral - [FooTeeeT control | o cOniro Real time
control
—a
r—s ——a

2004 2006 2008 2010 2012 2014 2016 2018 2020 Sensors, actuators, controllers

The Cloud

Various protocols available:
LTE, Wifi, Modbus, ZigBee, Ethernet, etc
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» Copious data collection on
Equipment Condition

* Remote Monitoring

* Automated Controls

© Arun Gowtham




Data from 1 vibration sensor on 1 Pump

Vibration Data
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How much data will all sensors generate?
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Study: 73 ZB of 1loT data by 2025
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Artificial Intelligence
(AT)

Machine Learning

(ML)

Regression Classification Clustering

Neural Networks
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Equipment Health

Time

Equipment starts failing here

Time interval left

© Arun Gowtham

deviation |

Goal 1: Detect this point -

rom normal behavior

Goal 2: Estimate time left -

]

rom now to complete :

ailure



Extract features from
data

LPCOutletTemp

Train ML Model

HPCOutletTemp

1580

1580

1440

1410

1570

Total HPCOutletPres

Detect Faults
Predict Life
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23886

2388 4

2388 2 |

2388

2387 R
1]

0 &0 100 150 200 [ &0 100 150 50 100 150
Time Time Time Time
PhyaCoreSpead FuelFlowHatio CorrFanSpeed CorrCoreSpeed

23886
23884
23882

2388

L] 50 100 150
Time
BypassRatio

200

Time

Bleed Enthalpy

50 100 150
Time

HPTCoolantBleed

24T 8
] 50 100 150

Time

LPFTCoolantBleed

Time

e Coee g
¥ A

393 o ———

) PR -

394

382

39“ - - -

JBB

0 0 100 1% 200

Time

© Arun Gowtham




Current Equipment State

117 cycles

Predicted
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Maintenance team has 117 cycles to
perform maintenance

* Prediction will change in real-time
* Need to account for Admin delay,
Diagnosis time, Production

Window, etc



Product Remote Monitoring
+ Al

In Field In Design

Optimize maintenance — PdAM Verification & Validation Testing

Fault Diagnosis RG/ALT (Theoretical)

Anomaly Detection
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Manufacturing

Detect Inspection

Model defect score: 0.90 Model defect score: 0.14 Model defect score: 0.92

Model defect score: 0,94

Source: Google Cloud AI Demo

Model defect score: 0.09

Design Optimization
multiple variables
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Text extraction from
Field Reports




Changing our work interface
with Generative Al

@ You

Perform Weibull analysis on the following TTF data: 12, 18, 35, 45, 75, 90, 116 days and
plot the result

©) chatGPT
Weibull analysis is a method used for reliability analysis, often applied to time-to-
failure (TTF) data. In order to perform Weibull analysis and create a plot, you'll typically

need statistical software or programming languages like Python, R, or MATLAE. Here,

I'll browvide vou with a Python code evamble using the “sednv” libhrarv assiumina voll

Source: Open AI ChatGPT
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Target
State

DR A

Current
State

/ L / N\

Reliability
Program

Reliability
Al Projects

/ Business
Goals |

Org. Al
Program

Org.
Al Projects

Reliability
Al Projects
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Level 6

Level 5

Level 4

Level 3

Level 2

Level 1

Level O

AVERVER VA VYAV V4

Asset Analytics connected to Reliability Program

Asset data monitored in real-time with Analytics (AI/ML)

Asset data monitored in real-time with logic

Real-time Asset data collected

Only static records of Reliability work. No real-time asset data

No documentation. Reliability tasks done as needed

No Reliability Program

VVVVVVYV
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Thank youl

Arun Gowtham

Reliability Engineering Consultant | Al-based Predictive

COntaCt! Maintenance

arungowtham@apexridge.com
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