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Flowserve Background ~ v

A Leading manufacturer and aftermarket service provider of comprehensive flow control systems
o History dates back to 1790 with more than 50 webpected brands such as Worthington, [B#tek Limitorque Durcoand Edward

A Design, develop, manufacture and repair precisi®y 3A Y SSNBR Ff 26 O2yuUNRBft SljdaA LIYSyY
o Portfolio includes pumps, valves, seals and support systems, automation and aftermarket services supporting globalturgastruc
o Focused on oil & gas, power, chemical, water and general industries

A Worldwide presence with approximately 20,200 employees

o 71 manufacturing facilities and ~200 aftermarket Quick Response Centers (QRCs) with Flowserve employees in more than 50
countries

o SIHI Group acquisition in January 2015 includes 28 facilities (15 service center)
A Longterm relationships with leading energy customers

o National and international oil & gas, chemical and power companies, engineering & construction firms, and global distributors
A Established commitment to safety, customer service, and quality with a strong ethical, compliance and performance culture
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The Business Problem and Current Limitations

Limitations R
Current threshold based monitoring systems can only identify failures =
a few hours prior to them occurring, this limited the ability to
respond fast enough and prevent unplanned failures. In addition,

custom engineered algorithms for predictive capability for each
pump type and application has proven to be a lengthy process.

Additional problems with the current approach were:
A Prevention of unplanned failures and related downtime
A Insufficient time to respond effectively

A Lengthy process to build and then maintain custom engineered
algorithms

A Inadequate for detecting unknown states with various process
conditions




Machine Learning offers multiple advantages over traditional

approaches

Data Center

= @‘©© _= / E E
= =
| H<E H<E
Data Data Data Data
Stream: Stream Stream Stream
1 2

A=l S

Asset Family 1

) A=) A2

[-—

i

[ (o ]
mG P 4
A

DEE] Data

Stream; Stream
1 2

OEDHED OEDH i

... Asset Family n

20

»

©
L

]

—
©
FLOWSERVE

Benefits of Machine Learning
A Rapidmodel development

A Adaptableto different asset families
A Scalableacross the entire plant

A Flexibledeployment approaches and
model selection

AlInfrastructure and Historicaldata
are utilized to maximize effectiveness



Moving to Intelligent maintenance

High

Maintenance Costs

Low

- Total Maintenance Cost TE——

Proactive
Maintenance

Lost Production
Caused by Failures
Lack of PM Access
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How does it work?
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Cognitive Analytics
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Cognitive Analytics refers to a set of innovations that are inspired by the way the human brain thinks:

Ex

Processes

information

Enables machines to
penetrate the
complexity of data to

identify associations
andreason

Presents powerful
techniques to handle
unstructured data

Draws
Conclusions

Benefits

Continuously learns
from new data
entering the system
and from previous
insights

/>

Codifies instincts &
Experience into learning

Provides NLP support
to enable human to
machine and

machine
to machine
communication

Does not require rules,
instead relies on
hypothesis generation
using multiple data set
which might always
appear connected or
relevant
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What is Cognitive Beyond Machine Learning

Powerful advancements in state of the art

Natural language processing Deep Learning and Reasoning algorithms

) A Improves accurac
A Enables recall of answers, in context P y
A Learns complex patterns

A Analys!s of human readable text for clues, insights A Scales efficiently: High speed, large data
and evidence . .
implementations

Automated Model Building and Infinite

: Powerful Visualization with Evidential Insights
Learning

A Watches dat d deri I A Provides transparency and evidence about what
atches dafa and derives fLies the cognitive system is learning and proposing
chor_porates h“f“a” SIS S e O A Presents data eleganttyAnalyst friendly
e SNES EelE B interface, easy feedback

Elevates evidence / reasoning for machine
decisions

volumes of data

A
A Automatically learns from feedback and greater A
A More data = more accuracy, capability & insight.
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SparkPredict is supported by flexible, adaptive Pl System
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