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We will Focus on Transportation Trends SIEMENS
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Macro/Global
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SIEMENS

“There’s a Revolution Underway In the
Transportation Industry.”

BB T E AT AT R

PLM Software



The way vehicles are designed, built, sold, and used
are changing more now than in the last 75+ years SIEMENS

HADREERT BIE. HEMERFE, BdEN7TSEFRTIFS

* Huge fuel economy improvements
PR FERME XN E

» VVehicle electrification
BREBRSK

« Autonomous Vehicles
BE1E5FE

* Infotainment and connectivity
ERRGAERKM

* Vehicle sharing (mobility)
HZ5E (HITHED

* New manufacturing & 3D printing
HIEFF R &3DFTEN
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The Industry Has Been Meeting The GHG Requirements SIEMENS
ARETIRE SEHIMUEERER R LESE

Industry Compliance Values versus Standards in 2012-2015 Model Years
110%

300

== Compliance Standard

B Compliance Value

105%

0o
o

But, only with the help

GHG (grams/mile)

of banked credits —— Average Tailpipe Emissions
70 27 Flex-Fuel Vehicles
65 gE v O B P . 13[’ 100% == - I Air-Conditioning-System Improvements
— Off-Cycle Technologies
260 1—E ’ 12/ S EE %E‘ﬁdn I< m 2015 Model-Year Greenhouse-Gas Emissions

HIFE BN TSIk 2 /Y

And, the hard part is still ahead — 40% stricter by 2025!
HH, SEMETHERE—320255F 2 E =i AY40% RHEER
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New Technologies Continue to Grow At An Incredible Pace SIEMENS
MBEARUFR T RNREEEL R

connected cars market autonomous cars by electric / hybrid models
by 2021 2020. +135% CAGR In 3 years

F|2021, EESSETTHER 32020, BEiEESETIHIES PROE3SE, BRRINNEFZEEE
12201ZBX 7T 1T, EAHBKE13I% =

\y -“'. ' g—— ‘q‘j--._i‘_
A ,-f';"‘ N
‘g )\ \\

N

Source: strategy& Source: Bl Intelligence Estimates Source: McKinsey
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Electronics Will Continue to Grow with Autonomous Vehicles SIEMENS

BEIERSE FBETFREIGHEIEK

Forecast average semiconductor
content per light vehicle
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The Concept Of Powertrain Has Evolved From Stand Alone To A Complex
Set of Interdependent Systems Across The Entire Vehicle

NN B REEBENR—I N ARG A R SBBENHEANRNERRS

Unrestricted © Siemens AG 2017
Page 12

BEV system configuration

Nommal charging connector

Quick chargng connector

Charging-to-driving process

Power Drive 3 jnverter P  Motor P Transmission P Driving
battery
ey > Quick charging >

Charging 4 4 €4 4 4 € 0SSV q 4 A A A (™

SIEMENS
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Vehicles Becoming Part of a System of Systems SIEMENS
AEBHARGZ RGN —5S
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Vehicle Light-weighting Is Driving Huge Increases In Mixed Materials and
Fastening Systems

REREBUTKRIESR

- Aluminum casting
- Steel

:l Composite
[ Aluminum sheet
1 magnesium
B Auminum extrusion
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SIEMENS

EHNHEESER

Numerous Joining Options
VERE LR

Body Materials | Joining
Technology v S Methods | Combinations

& EEAR EREE

Current Steel 1 1 1

EH BT A RSN

All Aluminum 1 3 3

217

Future 5+ 10+ 25+

Multi-Material

RN 25 T 46t



Evolution of Manufacturing in Transportation

2B E R TI B HE R AR EL

Data from connected
MEMNERELITIE SYSEmS (S In manufacturing automation

by 2020 : by 2020
220205, HEHIERSGRBIEFAE) F20204F, s EELERMKER15%
1PB (FHZFT) S v lRel

Source: strategy& Source: Bl Intelligence Estimates
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SIEMENS

Invested in 3D printing by
2020
220204, 3DITENIHH22012 & TT

FEREHIREFRRE
Changing The Vehicle
Development Process

Source: McKinsey
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Much of the Automotive Growth Will be in China SIEMENS
RETIEKNAEGERRBETE

Light-vehicle sales in millions

100

Japan/Korea

20 Western Europe

.
0 in total light-vehicle sales will grow
©S = o m % 1N 9 ~ © o 9 up to 20% by 2019.
= = [ [ (o] = = = o o o
~J ~ ~l ~ ~ ~J ~ ~d ~ ~J ~l (Source: IHS)
)

(Source: IHS Auto Insight
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SIEMENS

Siemens has invested Iin solutions across the entire value chain

I FEEMER EHITIRE

IDEATION
/8

REALIZATIO
KL

Product Production Production Production

Service

Design Planning Engineering Execution =
= et IR HETIE ) BIERT S
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Systems Driven Product Development (SDPD) SIEMENS
RGERImA L

Product Line Engineering
Fam%kIE Teamcenter

(Feature, Attribute, Target and Variability Management) Multi-Domain Lifecycle
451, B, BfRMERERE) Management

Requirement & Function Logical Part Master / BOM NX
ER8 e 218 54 BOM I E B FAEE

System Architecture and Modeling 2Rt 22t FiE R
Domain Traceability and Configuration Mgt. £5ia 38 i FnEc & gl

Simcenter

Polarion

Multi-Domain Model aphics

r
Software Design ¥4 it gggg%egﬂ

Multi-Domain
Simulation Lifecycle
Management

ZREIR
Software Development (ALM) HW-SW Integration H iy R

iﬁﬁ:ﬂ:ﬁ ﬁﬁﬁl*ﬂ iﬁﬁ:ﬁﬁﬁ Multi-Domain

2
DFMEA / RAMS

CONtINUOBUSHiiicGimiiGiimveiisatoimailtVe
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Predictive Engineering Analytics
Introducing Simcenter

Y TFE 947 Simcenter/ = &4

SIEMENS

Simcenter™
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Predictive Engineering Analytics
Aligning our portfolio

=Rt : FREAEHNIAERES

SIEMENS

-
New & Emerging e Speed N
Capabilities Capabilities Ty

Mature
Solutions
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Simcenter™ Portfolio for Predictive Engineering Analytics

Simcenter™ = @tAE M AT RN TIES

Covering full range of Multidiscipline
methods & Multiphysics
HERBRARGE ZE¥EMNeZ W

e

Controls

With focused R&D & acquisitions,
Siemens PLM has grown from
#8 to #2 in the CAE market
B FEMLZFNE, BIFECAETS
HeZ M B\ BXAR F(r
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Simcenter™ Portfolio for Predictive Engineering Analytics
Multiphysics simulation: Aero-acoustics

SR : SEER

WIND NOISE Xk
A challenging subject in
automotive engineering

ﬁEIﬁEPEJ,ﬁ HRECRY R

Cooperation Volvo Cars
Chalmers University
Siemens PLM Software
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CFD for Load Prediction
CFDi#{THEfarfm
| -“\<'\“p;“

3D NVH Car Body Model
3D NVHESEHR

23

SIEMENS

Review Design Alternatives

HMES RIS

Acoustic intensity (W_m2), dB
T T T T T

L | L | L L =L L L
50 400 800 1200 1600 2000 2400 2800 3200 3600
Frequency (Hz)

Ref. “Prediction of Exterior Wind Noise Generated by a Side
Mirror of an SUV”, Published at Internoise 2016
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Siemens PLM vision

Solutions along the complete Autonomous Vehicle product lifecycle
AIFPLMER: RUBEEINEWARETmES AN TERRE R
System architectures %%t 2244 Software architectures Controls development Wiring architectures 2 sRz4s
System design &%t 1% it BZR EHIHA ECU architectures ECUZEA
SimulationfF & Code generation Version control

S

SIEMENS

Functional safety IhEE &4

Architecture management 2243 : : -

Requirement management F>K &8 Multi domain traceability

V&V data management V&V EETE 2 ATl 3B

Application Lifecycle management Eﬁﬁf?iﬁ‘ﬁw
Validation and Verification

Ly EANAAHIA Test scenario generation Jit 3754 Ak

. Automated testing Bz

Cloud services IoT — V2X Simulation factory i L)
=R | PIEEIM-V2X MiL — SiL — HiL

SSHEH | VehiL - DiL

Big data analysis
H 4R LN F
hicl q .j(%ls&r? 7“_? g P - A Software developmentiX 4%
Vehicle & L'Xer,_e\ avior aata @ \ e e Gateway designf 3£ i& it
MBI T HEIE A e & o WSS Systems engineering &% Liz
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LMS Imagine.Lab Amesim plant models in Model in the Loop

EuroNCAP Autonomous Emergency Braking test simulation SIEMENS

LMS Imagine.Lab Amesim #3ExtRIEBIZEIR
EuroNCAPBEZI £ 2R EMRX A E

e gy | g | I = ’ @ ricle_Dynamic < AEBS_NCAP_T2_CCR_ABS_Cosim_edited_1,ame - Vehicle Dynamic Plots Updated o (= |[ 52| Bl AEBS Radar @o
qﬁ il : < = — aa o LU R R Test Description - AEB Euro NCAP test T2 L
> Eaaa ¢ +us O ¢ DGk B P =S e
= = Dry Surface
= : ’ Il il ] w _ """" """" ‘ e Ego car travelling at 50 kph approaching a vehicle at 50 kph
- w = . ] _ 7 ree i | - decelerating at & m/s*2.
~ - = - it N L The initial distance between the vehicles is 12m. The AEBS will
' 120 , ,,,,,,,, Lo % i 2.65 TTC (ti) ison), wil &0%
7 - 14 i i i ‘ i brake at 25 TTC and 100% brake at 1s TTC
- s L
- 7] - 12
& - 10

AMESIm chassis model in TASS N ] """" """" e

TASS HAMESIm KEEE ]
S 5
I EEm_ E -+ | Pitch Rate [degrees/sec] il . R S S N
1 5 7| [— Pitch Angle [degrees] i
N T T T T T T 1 i T T T T T T L B
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AM ES I M %E. | = [ i . Full auto-braking
S YAV 172 /] \ i = Vehicle Speed
4 o4
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RHRB | | / ik
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STS Engineering Services autonomous vehicle control algorithm

Model Predictive Control technology in driver strategy intelligence
STSTRERFB AT ERNEREFIEET %

MPC Trajectory planner (&
BT HE RN
optimizing the trajectory and
the travelling velocity upon
driver's preference (balance
between smooth driving and
time to destination) thanks to
prediction of vehicle dynamics
over the next hundreds
meters (from GPS + Map)

MGPS+#ER 1S T—ER# B
KEEREA, RIEBEBFWEND
FIRA, EEBW ARG (F
& 12 E 3k A0 B A0 i 7 R
8) , RMLITHHTZER

Page 25
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Ego car 24F/EH
Obstacle car fEfEZ%E m

Trajectory Planner ZiF-# £/

—Prediction
Horizon

N

Speed R [m/s]

Distance B [m]

Vehicle dynamics

- —

orimie

Optimize the trajectory
Informthe driver about

(o)
3.
() Smooth
o"
2
o

Safe cornering
Balance attributes

Space constraint f’E’/ﬁ!‘?ﬁ?I

Driving corridor ZE&

Reference trajectory £-Z#1iF

Trajectory Tracker #1iFHRE:E
Actual trajectory SEGrEhHF

Objectives:

steering

Trajectory planning

reference path

Reference
trajectory

SIEMENS

Vehicle moving in a dense traffic
FIRAERIBEER

AT

Vekicle Tra)
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Software engineering demands collaboration SIEMENS

RHTiEREME

On-Call
Fleet Mgmt.
. ENEE V2x
Car sharing
Modal Transport HERE -

ZEEN

Big Data

<G KEIE

L

s
L

(N

—
-

Processes
5%

»

M2M#L 2&E 5 Autonomaus / Driverless / Hybrid

eCharging
TR

.

Diagnostics

S

Parking;H% Infotainment

Services

ERMR%S
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Polarion ALM - A better way managing complexity SIEMENS
Polarion ALM - BN AR EEEEE

Unrestricted © Siemens AG 2017
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POLARION ALM orchestration with existing ecosystem SIEMENS
POLARION ALMEFE EMZBILFES

Leverage Existing Environment
FRIMB IR

Connectors for Partners & Extensions for 31

Klocwork Vector

Eclipse Test/ nge Co LDRA
. l"&'p
X (2]

parties

Perforce

Quick Turn Around
IRIZSKIN T B iR

Tools can integrate or Polarion provides connector
SW Requirement

Mgmt. <

MATLAB § Complete Traceability
SERB AT FE

SW Variant Issues & Defects
Mgmt.

Mgmt.

Build & Release Change
Mgmt.

& Configuration
I @

Resource

Support Any Methodology
XREMI LA

Agile/Lean, Traditional, Hybrid, FDA, FAA, CMMI, ISO, IEC, CPI, SPICE, DevOps

Flexible, Adoptable & Affordable
Rod, EN&MEMEE

Audit Metrics
Reports

Mgmt.
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Closed Loop Software Engineering — [ALM]
ZiEZ N S

Code A KSIGHT
—
g SUBVERSION e
‘} git Analysis BECTOR \'
KB MERE T Unit & software
Source code Integration
testin
implementation sting .
TR AL [Test & Code
coverage]
5 7T 5 il 1
MATLAB
SIMULINK Software

Control-
models

R R

E&L
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SIEMENS

Software engineering
Continuous Delivery

RHTIE 3T

Complete engineering accountability
TEIRERE

ALM Orchestrated Software Engineering
ETFALMERGTIE

Systems Engineering approach

RGI1RERE

Single Source Management

B—ERBEE

Siemens PLM Software



Polarion ALM

37% Growth

Rate
37%RITHifiE

Extensions Fortune 1000
1 Dep | oyments

1= 100038 ERE X H
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15K

Registered
Community

“Members
AMHXE R

Change &
Configuration
Management

TEfiLEER

Reuse & Branch

Test & Quality
Management

MR REETE

Issue & Risk
Management

iB] R & X\ B E FE

Requirements
Management

ERER

Management Collaboration
BRI ER Traceability

Workflow
RY TR
T1ER

Audits & Metrics,

Reports

Hit&git,
R

Build & Release
Management

HEL L T ETE

Planning & Resource

SIEMENS

Agile / Hybrid
Project Management

HHEIRAmE

Management
W& IR E TR

Siemens PLM Software




Benefits of a comprehensive ALM and PLM solution SIEMENS
ALMFAPLM—{R LR R 75 RAM 25

Software S Product traceability “\Nafe Enginee,,
B 5 TR S0 o

Klocwork
Eclipse Vector

Integrated requirement management

TR I

Git
W
Perforce ‘*g

@
&

Integrated change management

SEREEERE

Ease-of-use

e ERE

Builds on top of Teamcenter

HFTeamcenterBBE {4 E

Connects with best-in-class industry tools

arian

#
& W integration

€0-simulation
Simulink

WA SETABEE
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ALM - Customers

ALMEIZE

AUTOMOTIVE & TRANSPORTATION 528 35iZis il

dh)

CNH

INDUSTRIAL

K

\/
& NavIGON

P
VWIOomics

ASK

DAIMLER

&
GARMIN.

ﬁ\NIRA

DYNAMICE

’ wikdmoser
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'Ad\m«cd.uu“

DANLAW

L7 afego

DEUTZ

Honeywell

Automation and Conrel Soutiom

QUANTUM

-
= Eberspacher

) BOSCH

BOURNS®

>

Mercedes-Benz

SCHEID

Bulomolive

SIEMENS

2rewe u‘%
MOTORNORT

UBER

Siemens PLM Software


https://polarion.plm.automation.siemens.com/company/customers/index

Kuster Automotive SIEMENS

“With Polarion ALM requirements
management we found the solution to both of
our biggest pain points: achieving SPICE “Polarion ALM requirements
compliance and enabling us to seamlessly fit management was significantly

. D, more affordable than the
]Int(?lﬁlle OEM supply chain. competing solution. And it was

F:H\LJ_JiUL nent Electronics/Software Development H— Simp’e tO pHrChase: One Sing’e
solution that covers everything.
11 : vE: N >4 =1 ¥ W i e s . .
ﬁﬂipﬁggz;gilwgﬁ’cﬁ g Z}fég =L Ny = 2 No costly integration of several
¢/ V4EX) '. n y 7/ '/ = - »”
s ’ 3 different products.
z/;%{/,] AHOEM PRI L& 1aes # p

Q' E

‘Polarion ALM HLERMERA S KEEE
EHIME L . RIS EEEE g5 : BH—
BRI R, BIZHTEREESTIEE,
Unrestricted © Siemens AG 2017 )fﬁ;ﬁéwﬂg/f///l\o :

Page 33 Siemens PLM Software




Industry Analysts Recognize the Transformational Opportunity

TA SR —B0A TR RS

| C 1vNo

£ £ This combination

opens up grand new
vistas for next-

generation product

design, and also may

offer new detailed
capabilities for
designers and
manufacturing

companies. 5y

XEHEFF R T—RKTRIE
THRUFTRM, RSl

i Lizlmie TR R sE
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£ LCombining Mentor

Graphics with the rest

of the Siemens PLM
Software portfolio,

especially the
software assets of
Polarion, is a huge
step forward and
gives them

unprecedented

_breadth.}
FASERSHEITFPLMI A E
HEE, %A= 5Polarion, X
et

SHTIFRRN—8, EHT

_n L!- ;,’ o

1
-
HI] ATZ

Gartner

L E£This merger deal
IS unprecedented
in the design,
engineering and
product lifecycle
management
(PLM) software

markets.} )

texinap & 2%t TEA
PLME 17 _E St el filad.

SIEMENS

IDC

Analyze the Future

LL This deal
furthers Siemens’
electrification focus and
support of the model-
based systems
engineering and design
of connected
products—of which IDC
predicts there will be 30

by 2020.
tERRZ G MR T A FEBRSK
FEMNEE, EETERREN

ARG TIEMBE Mg,
IDCFRNE20204, X£ 2300
A DiEk)
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The Mentor Graphics product portfolio SIEMENS
PR ERR S RE A v

Integrated Systems Design

RARRGIL T

U PCB Design & Mfg.
B iHebliE

H |G Design & Mfg.
v/ (supplier)
X3 HeHIE (M)

U Embedded Software
BRI G

L/ Wiring Harnesses

ZRILIE
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Impact of additive design to production processes SIEMENS

M EIRIERIZRR

- End-to-end support to design, optimize and produce parts using additive manufacturing Divergent 3D, 3D Printed Blade Supercar
processes is revolutionizing the way future vehicle structures are developed

NERHH L. FIENREmIEMHIERIES R, WRKREGWNTLFER—HTE

- Siemens is leading in the development of next generation software and processes to enable
this shift
T F4E 5 T — R R IZ A & R R X X R G 2T
. |

Siemens PLM Software customer

wIFES
\—* \J

Convergent Modeling™ technology

Requirements driven design WSEER A

& validation FERIRRNIL & IEE

reaction_c_y_at_angle_max
reecton Cocat artlea Y

redction_force_c_angle_at_angle_max = convert| arctan ¢
jon_c_x_at_angle_max

simplify(

And so visualizing this result yields:

Build processing
& validation

M RIEQ LN

+25° Elevator

Design rules

& validation
e g bR

" Step 13. Design linkage to maximum load.

As seen above. the loading cases on the green hinge are verv similar at the ¢

% Overhang Angle
- .

& Printable Volume
Wall \%

Thickness T Wholly Enclosed Volume
Performance

Lightweight structure design validation

& optimization

BREASEEIT & KL P RER LS IGIE

Unrestricted © Siemens AG 2017
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Complete Additive Manufacturing Solution

STEEAEMHIERRTT R

+ Convergent modeling§{ S 2 1%
« Lattice structuresgai&4E#

+ Surface Textures ESIE

+ Design rulesig it n|

+  Multi-material design% #1 #1i& it

One Integrated System BE—E&ER RSt

SIEMENS

Simcenter 3D Additive Manufacturingi@#4 &

- Generative design4 @&t
« Topology optimizationFhF M ik
+ Process validationi 234 IiF
 Performance validation’4 §E5& 1iF

« Build tray definitionti @2 E X

- 2D/ 3D nesting 2D/3D#E

- Support structures ZE# ¥

« Build processors #3438

« Hybrid Manufacturing Solution ;& & #li&#&

X

Siemens production software and MES systems B[ ] FHlESEFIMES RS
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Hardware vendors TE{HIZ 4R
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Bringing the Digital Twin to life SIEMENS
AU AR R AR R

Page 38 Siemens PLM Software



Predictive production launch SIEMENS

U = e =

| e
-_

”---mr ’r =TT
Accurately *_‘H‘iﬁ /, w!
represent what ‘
Is real....

and simulate what

IS possible

BiHRIKIEE. .
HIRUPTAATEE. ..

1 HEED SHEN LR
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Summary — Siemens Continues to Invest in the Hot Trends in Automotive

NG — AN TFHESRFETI A RBES LR 5

Software Development
BRI 4

Digital Twin

U ARRR
Manufacturing Optimization
HIEH I

Electronics Integration

B EERL

Systems Engineering

R4 T1i=

Engineering Analysis (CAE)
T 5 #7(CAE)

Big Data Analytics
KBESh
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Siemens solutions support the automotive future

A FRRG RIFARETIRIARKE

SIEMENS

) Mentor
_ Simcenter Polarion )
Graphics =

* Huge fuel economy improvements
PRI 22 55 1 K i J J

» Vehicle electrification

AERAMK Siemens — The #1 provider
- Autonomous Vehicles of Automotive PLM
BaiEWSRE

solutions!

* Infotainment and connectivity
SRR

PLMf#RT; Rzt S

* Vehicle sharing (mobility)
HZRF (HEHIT

NI N N NN

* New manufacturing & 3D printing

#ishl3E R &3D 4TET J w/ w/

. . ** Acquisition i di I
Unrestricted © Siemens AG 2017 cquisttion 1s pending approva
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Siemens Investments Are Supporting the Automotive Transformation SIEMENS

AT FR AR ETI TSR

Digitalization

A

IDEATION REALIZATION \UTILIZATION

Rethinking every phase
of the Digital Enterprise

EMBREHF LN TIHE
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The Digital Enterprise
Software Suite

BFU LR ES

Driving continuous
business transformation

IR el 35 &R

The Language of Products
an'l'nn

MACHINE LEARNING

Gaining insight from data

MNEHRP RS

Siemens PLM Software



Contact Information SIEMENS
BREAS gensiy for e

Kirk Gutmann
SVP of Industries {FI/SEESE

E-mail:

siemens.com

Siemens PLM Software
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SIEMENS

\%‘;— —— —amA Y
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