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Unprecedented speed of technology evolution
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1975 to play. ﬁy ‘ INFORMATION TECHNOLOGIES (OF ALL KINDS)

e company has (L DOUBLE THEIR POWER ABOUT

(PRICE PERFORMANCE, CAPACITY, BANDWIDTH)

EVERY YEAR

The Age of Exponential Thinking

The era of “Accelerating Returns” and
a new balance of “Price, Performance, Capacity and Bandwidth”

“..We better disrupt ourselves in our own way before somebody does an Uber to us.”
Doug Oberhelman, CEO CATERPILLAR @ CIW, Oct15, 2015
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http://www.caterpillar.com/en/news/caterpillarNews/innovation/caterpillar-disrupted.html

Evolution of simulation
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ANSYS enables systems

From comprehensive component-level design & simulation ...

EMBEDDED
FLUIDS STRUCTURES ELECTRONICS SEMICONDUCTOR SOFTWARE
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ANSYS enables systems

... to complete systems simulation

VIRTUAL SYSTEM PROTOTYPES
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Simulation Driven Product Development
From build & test to virtual development
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Creation of the digital twin
Digital Prototype

Connected Industrial Assets
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Predictive Maintenance
Zero Unplanned Downtime
Asset Performance Management
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Realize Your Product Promise®

Model-Based Systems Engineering (MBSE)




Model-Based System Engineering (MBSE): Product Lifecycle

Evolution of Model Based Engineering

Single Source of Truth Between Design Models, Manufacturing and Operations

Commissioning

Requirements Analysis

' —I Operation & Maintenance
Product Definition

‘- 1

Changes & Upgrades

Specification
Systems

a
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Functional

Realization of MBE = Digital continuity
Digital continuity & interoperability = Digital Twin

Logical

Requirement
Sub-systems

/ Digital continuity: 3D = ROM => System Model

Desi .
(Yo 7/ Interoperability => B2B Model Share
X___/ Analysis
Requirement - . .
Components Design Digital continuity: 3D = Multiphysics
Analysis Integrated Design x/ Analysis Interoperability = Collaborative Platform

. \/
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Model Based System Development

Model-Based Virtual Prototyping
System Engineering of Complete System

elele

Aonsar

Virtual Prototypes

Model-Based of Physical Components

Embedded Software Development
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System Modeling & Simulation
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ROM creation example: Generic underhood test case

* 3D thermo-aerodynamic

* 2 parameters:

- Inlet velocity from 5 m/s to 20 m/s

- Exhaust Temperature from 700K to 900K T nlet

velocity

Exhaust
pipe

(T s e — — ——
. AnsysConfidental
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Reduced Order Model generation process (learning process)

* 50 calculations were done

— 10 were used to create the model
— 40 others used for verification

* ROM Model creation is 9 seconds
* Average error on velocity : 0,06 m/s

* Average error on temperature : 0,49 K

— Quantitative differences in between
Fluent calculation and ROM model are presented
on the worst verification point
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Static Pressure Comparison

Pressure ANSJ.SS Pressure ANSRLSS
Contour 1 Contour 1
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System Design and Safety Analysis

System
Requirements Safety
Analysis

17 Resource Set

a
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. Local Event SFV1 mechanical fault
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System Simulation and Safety Analysis (FMEA)

Injecting and analyzing faults
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Simulation has been used so far to
Engineer better products and improve
Bottom line.




Realize Your Product Promise®

Predictive Analytics and the Digital Twin




Industrial 1oT (lloT) is a Logical Evolution of Product

loT = SMART @ CONNECTED
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System Simulation coupled with loT
can now be used to Better Operate
Products and improve Top Line.
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Engineering Simulation: Example Oil Field Blow Out Preventer

Physical Simulation
of all the Mechanical & Fluids Components of the BOP System
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Engineering Simulation: scaling to System Level
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Transformational journey to digital twin

As Is

Virtual

Sensors &
Controls

Test
Twin

Digital Thread

Design
Twin  werss.

Life Odometer

Robust Dynamic SIMULATION
y IN THE CLOUD

Operating o [—

Real-time
Integrated @
Insights =
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Digital twin opportunity

360° Digital Insights

As Operated

ANSYS powered

. . . Big Data Analyti
Digital Twin g Data Analytics
Predictive Maintenance
Zero Unplanned Downtime

Asset Performance Management

30% of failure modes
can be reliably
predicted by BDA,

As Designed today

m Predictive Analytics Unaddressed Failure Modes
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Industrial analytics value map evolution

Data science complexity

s
Info for expert xﬁ\sw ;’
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Basic Advanced A“‘::‘C:‘Zn
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GE Predix™ and ANSYS Industrial loT Global Architecture
GE Predix App Store

A
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A G Asset
services

Apps
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Platforms & HMI Optimization
Tools SCADE Suite & Display

Display | 3D-View
App App
| |
predix.io

Industrial Microservices Catalog (marketplace)

Analytic
services

Data services

Cloud Foundry

Cloud Infrastructure

Development Production

end-to-end security

J\
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Web API

ANSYS ACT App Store
Digital Twin
App
|
ANSYS lloT Platform
<::>S|mplorer -
EKM =Y
Models < ROM
Jobs
Data ) 3D
Solvers

* Similar architecture has been set up with PTC ThingWorx

27 © 2015 ANSYS, Inc. July 7, 2016

ANSYS Confidential -




A Connected Smart Asset




Digital Twin Summary

As Designed

MODEL-BASED ENTERPRISE & SYSTEMS ENGINEERING
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As Operated

INTEGRATED IOT ASSETS & ECOSYSTEMS

* Life

* Performance
* Diagnostics

* Optimize
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