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Agenda

Global Product Data Interoperability Summit | 2017

- Digital Twin Overview
- Case Study — The Digital Thread: Concurrent Safety

- Case Study — The Digital Twin: eAircraft
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Challenges in the Aviation Industry
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Critical Aerospace Value Streams
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Aircraft Performance Engineering

A A A A A A A A &

SRR SDR PDR CDR PRR

Product Design & Engineering

Systems Driven Product Development

Verification and Certification Management

Aircraft Performance Product Sizing, Analysis driving Design

Digital Twins _ MBSE behavioral models, Plant modeling
Simulation & Testing

Virtual and Physical Verification & Testing
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System Driven Product Development
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SYSTEMS DRIVEN PRODUCT DEVELOPMENT

. SYSTEM MOCK-UP PREDICTIVE ENGINEERING ANALYTICS

ANALYTICS - REPORTING

VERIFICATION & VALIDATION

MULTI-DOMAIN TRACEABILITY, CHANGE AND CONFIGURATION
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The Multi-Discipline Problem
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m Domain Specialization separates expertise
— Discipline-specific methods, data and technologies

m Best in Class Tools do not connect
— Technology-focused optimizations for each discipline

m Project and Lifecycle goals are not aligned
— Separate flows, processes and targets in each discipline v

m Manufacturing Pressures cause shortcuts
— Complete product needs

m It is not solely a Data problem
m [t affects Process and Project as well as the People and the Product
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The Requirements
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m Changes to current practices should be minimal and incremental
m Every participant should have transparent access

m No changes should go unaddressed

m Incomplete work should be immediately noticeable

m Shared resources should be allocated effectively

= No work should be done twice (or more!)

m Every participant should access information in a familiar view

m Reporting upon what has been done should be no extra work
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Enabling Systems Engineering
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®* requirements
N * data relationships
. *  workilows
Ll—j ® program status
Manage * integration

< Context SDM

; N
S
- /
K
Define Certify
. man age standards
*  requirements *  safety
*  functionality * specifications
*  system architecture _ d *  compliance
* communication architecture '
B ° module
*  subsystem
\ * system
s * distributed systems
* interfaces
*  modules
*  network *  software
I * digital hardware
implement * analog hardware
* mechatronics
Implement . connecivity
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Connected System Architecture
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Context Process Management m

— . .
Traceabili
Direct Tool Integration Tasks 1= Tracking 5y
Process Automation Workflow | = X
Live real time information Brocecs == Project Management

Coordinate across disciplines

Requirements . Certification
Spgciﬂcations Connect Everythmg Repprting
Procedures SDM Server 1 Audit
Doors | |9 — v .| ® wminl|  Word, Excel,
2= 5' - vy
olarion ' _ ‘ s
Word, PDF 1
OS(C
Collaboration e Data
Platforms Management
Saizr — Solutions
ntegration Teamcenter
?Icaﬂuence Architecture ¥er;:ﬁcat|on Enovia
Modeling & Questa Windchill
Trade Studies Veloce SVN
Rhapsody SystemVision Bitbucket
MagicDraw Valor
Excel
Simulink Design & XpeQition
Capital Systems  Analysis § . Capital
Layout i Creo, NX, Catia
"'i’ W a F&—QEA’Q—OPPRSRD%%T; LDIAI_T$ BOEING is atraderimark of Boeing I;f]anager?went ?omﬁlany
z.'?. ELYSIUM m mw @Iﬂflﬂa ’ A8 UMMIT 20 1 7 Copyright © 2017 Northrocpo(gglug::a@n %Oolr;:rg?iorg 2:: ngmz rzzsrvgg:

GPDIS_2017.ppt | 9
& ELYSIUM oarke R0 warrnce crunseean: G waeme _ ppt |



So What?
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m The project manager gets...
— Visibility, control and status

m Each designer gets... . O
— Access to relevant information * 25
.
m The safety analyst gets...
— Traceability and audit )
m The requirements engineers get... % e
— Complete and current data »
m The systems engineer and the customer get... N
— The right product, at the right time P
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The Value of the OSLC-Based Architecture
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Test Work Test Work
Management items Management items

£ =

Context SDM
Meta Model

Regular OSLC Context SDM OSLC
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RFLP — Digital Thread In Action
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Tracing from requirements through the lifecycle Logicalsystem

Requirements Management Context SDM
Req1 Meta Model Functional System
Req2 ™  Context

- Linked to ’ : / |
Functional Safety ) — Context ’
Hazard1 Requirement { | Linked @ 4 S/ '

To Signal Net implemented
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» Capital Connect used to trace FLP | | | | | in harness

= Context SDM links Capital to requirements, functional safety, etc Logical Architecture w %
« Together they trace from requirements all the way to physical
- Enables: = Y &
» impact analysis, verification and functional safety processes
- —
Harness
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Analyze — Change Impact

Global Product Data Interoperability Summit | 2017

m View relationships to determine impact of_intended changes
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Example Use Case
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m Power transmission and voltage loss
— Generator — transmission — system load -
= Multi-tool environment | T |

— Requirements — Architecture — Implementation
m Primary data path
m Associated specifications and analysis
m Traceability and Management oversight

m Integrated interoperability in each part of
the flow

Simulation Results
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The Digital Twin: eAircraft Example
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Siemens Propulsion 260 kW Direct Drive electric motor -

designed for aircraft propulsion
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« SAFE Two electrically independent winding systems

for internal redundancy

+ POWERFUL 260 kW continuous power at 2500 RPM

eliminating the need for a reduction gear

« EFFICIENT n = 95% at cruise power

* LIGHTWEIGHT 50 kg mass = power density 5,2
kW/kg, unique for a direct drive e-motor in this

power range

+ ROBUST High coolant inlet temperature of 90 °C

- EASY TO INTEGRATE Integrated propeller bearing
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Case Study: Siemens world record setting motor-
SP260D in the Extra 330LE
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 July 2016: Extra 330 LE Maiden flight and first time all electric, quarter MW output
airborne

« Nov 2016: Extra 330LE electric plane set new world record for time to climb: 3000
meters in 4 min 22 seconds//11.5 meters per second

* April 2017 :Extra 330LE electric plane breaks world speed record- 210 mph on
straight course

* April 2017 : World first electric glider tow
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The Siemens eAircraft world-record propulsion system —
performance optimization using digital twin technology

From

concept =

> ®()

Digital Structural Electromagnetic Thermal System
Twin performance performance performance performance
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Digital twin setup:
... Basis for rapid development cycles

Digital twin of the
complete system:

= motor

= inverter
= batteries
= cabeling

= structure

Each Individual component is created in detail and
connected to the system.

Enables rapid iterations across all disciplines.

Digital
Twin
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performance

Structural performance engineering: O x
... Maximizing power to weight ratios Initial design Topology optimization Optimized design
Structural optimization:
Improved power/weight
ratios

Maintaining

= mechanical strength
= reliability
= safety

Automated structural optimization using linear and
non-linear algorithms.

Mass = 10.5 kg Algorithmic reduction Mass = 4.1 kg
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Electromagnetic
performance

Optimi lectromagnetics:

o Getting the sl motor cre o
Optimizing the

electromagnetic design

= analyzing the magnetic field
= losses
= electromagnetically induced stresses

Basis for performance and safety of the motor.

System optimization in exchange with structural and
thermal analyses.

P 0:12/1:01 @ o
-v” GLOBAL PRODUCT DATA BOEING is a trademark of Boeing Management Company
’ AR g‘ T EJR O'{;IE R'/\\AB J ll‘ ) T.F Copyright © 2017 Boeing. All rights reserved.
z;)_ ELYSIUM m NORTHROP GRUMMAN @’ﬂflﬂﬂ Copyright © 2017 Northrop Grumman Corporation. All rights reserved.

GPDIS_2017.ppt | 22
& ELYSIUM [ parke: 000 wonmnae: crusssean: Qo moene = prt



Global Product Data Interoperability Summit | 2017

SIEMENS
Iuge«ui!yﬁ:r&‘fe

Optimizing themal loads:
... Optimal balance between power and efficiency

Thermal optimization

= heat flows
= cooling system design
= material analyses

Detailed modelling of heating, liquid- and airflows
enables design of required cooling system.

System optimization in exchange with structural and
electromagnetic analyses.

exit full screen
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Thermal
performance

Optimizing themal loads:
... Optimal balance between power and efficiency

Thermal optimization

= heat flows
= cooling system design
= material analyses

Detailed modelling of heating, liquid- and airflows
enables design of required cooling system.

System optimization in exchange with structural and
electromagnetic analyses.

Vagnitude (m/s)
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Optimization to reach the record flight:
... Simulation of the planned mission and continuous
improvement

Via simulation to record
flight

= simulation and mission optimization
= automatic data transfer
= data analysis with MindSphere

Virtual flight tests the optimal mission profile.

Analysis of actual data allows continuous system
improvements.
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From concept to success

cal engine
Noise comparison aircraft

= Simcenter noise and vibration engineering solutions
enable comparison of acoustic levels for the
standard Extra 330LT aircraft (internal combustion
engine), and the Extra 330LE (SP260D propulsion
system)

= the result: the SP260D produces 14.5dBA less noise
in flight

= measurements and analysis were performed with
the LMS SCADAS XS portable data acquisition and
LMS Test
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Key Systems Engineering Goals
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Provide a structured process for integrating and linking requirements,
schedule, decision milestones, and verification

Enable the project team to work to a single, integrated set of requirements
and processes

Enable integration of the system at the requirements and design stages
(before sunk costs) rather than waiting until hardware and software is
available

Reduce unplanned and costly reengineering necessary to resolve omissions
and integration difficulties
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Q&A
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