Automotive Industry

Four major trends changing the automotive industry

ONNECTED UTONOMOUS HARED & LECTRIC
SERVICES

https://news.hmgjournal.com/Tech/reissue-future-case
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Vehicle Structure
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EV market in China
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Global EV(BEV, PHEV) market
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Vehicle Structure

Outline

Part 1 SH=H0 80 = 7[=71E
- 3EetMTYE T

OTA (Over The Air)

HUD (Head Up Display)
HiE 2|2 10| HX| R =3}
Modular Engine

2852 s&%t
xnzyzw

5G (M5MICH Ol 53 ))
AMH|[ A3}

S0[AIE

Introduction - 10



Vehicle Structure
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Vehicle Structure
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» VWt : [MQBJ[MEB] % &

b 3% [TNGA]

» GM#t : [D2]

» Renault - HEZ )L—7 : [CMF]
» 7 IL—TPSA : [EMP2]

» Volvott : [SPAJ[CMA ]

» SUBARU : [SGP]
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Toyota New Global Architecture
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Vehicle Structure
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Classification of Cars: Space

* Three box car

— Separated o .
engine/cabin/luggage room :
design ...mpom

e i

 Two box car
— Integrated cabin/luggage

= -
room design o R
e One box car I8l Engine space
— Integrated cabin/luggage B Occugant space
room design with under-floor [EiCargo/Luggage space
engine
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Classification of Cars: Body Styles

Hatch back Sedan / Notch back Pick up

Coupe

Vehicle Structure Introduction - 21
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Classification of Cars: Market Segments

Vehicle Structure

US EPA Size Class Euro Market Segment Car equivalent in the
(EPA, 2013) (EC, 1999) ACRISS vehicle guide
N/A .. Peugeot 1007, Mercedes
. A-segment mini cars
Minicompact Smart Fortwo
Subcompact B-segment small cars Opel Corsa, Fiat Punto
Compact C-segment medium cars Citroen C4, Ford Focus 2.0
Mid-size D (1 g Ford Mondeo, Alfa Romeo
N/A -segment large cars 159
h?fe E-segment executive cars  |Audi A4 2.0, Audi A5 2.0
N/A F-segment luxury cars CthySlCI' 300, BMW 6
Series
Two-seater S-segment sports coupés Porsche 911 Carrera S*
Minivan
M-s Iti- s

Cargo van segment multi-purpose Opel Zafira*, Ford Galaxy*

Passenger van

cars

Small Sport Utility Vehicle

Standard Sport Utility
Vehicle

J-segment sport utility cars
(including off-road vehicles)

Volkswagen Touareg
Auto*, Land Rover
Discovery*

Small Pickup Truck

Standard Pickup Truck
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Volvo X90

— SPA: Scalable Product Architecture
— St AX) A H|E: 7%>36%, 125kgd 22}t
7%

3%

B #sE
B 180~280MPa (AR5 7'L Z#4)

280~380MPa (/AR 7L X #1)
Bl 380~800MPa (v b 7L X#1)
B 800MPai (kv b 7L ZX#1)
Bl AdE
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SUBARU

— SGP: Subaru Global Platform
— 440MPag O| & AtEH|E: 45%>54%

I 270MPa (B 7L X#1)
B 440MPa (ARE7L Z#1)
" 590MPa (AR 7L Z#4)
1 980MPa (/A8 7L X #1)
B 1.5GPa (R v b 7L Z#)

3%

— 7%

Vehicle Structure
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Vehicle Structure
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lIHS (Insurance Institute for Highway Safety)

» Crashworthiness: how well a vehicle protects its
occupants in a crash
— Performance in five tests (Good/Acceptable/Marginal/Poor)
— Moderate overlap front, Small overlap front, Side, Roof strength,
Head restraints & seats
« Crash avoidance and mitigation: technology that can
prevent a crash or lessen its severity (since 2013)

— Front crash prevention systems (Superior/Advanced/Basic)

« Forward collision warning

» Autobrake systems: low speed(12mph), moderate speed(25mph)
— Headlights (Good/Acceptable/Marginal/Poor)

» reach of a vehicle's headlights as the venhicle travels straight and on
curves(800/500-foot radius)
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IIHS Safety Awards (2018)

« Top Safety Pick (TSP)
— Good ratings five crashworthiness tests in the driver-side :

small overlap front, the moderate overlap front, side, roof
strength and head restraint tests

— Advanced or superior rating for front crash prevention
— Acceptable or good headlight rating

« Top Safety Pick+
— Top Safety Pick criteria, plus

— Acceptable or good rating in the passenger-side small
overlap front test

— Good headlight rating
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New Challenges: New Structural Concepts

Bollore/Pininfarina BYD Daimler
Blue Car E6 Smart ed

- as Gib

General Motors Heuliez Mitsubishi Nissan Reva
Volt Will i-Miev E-Cube G-Wiz

Aixam Mega
Mega E-City

?77?7?
Subaru Tesla Motors Think Volkswagen
R1e Roadster City Twin Drive
. ETC/ACC Technical Paper 2009/4
Electric Cars . Hacker, R Harthan, F. Matthes, W. Zimmer
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New Challenges: New Structural Concepts

(Low Resistance Mobile)
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New Challenges: Electromobility

Technical Data

Dimensions: Microcars
Humber of 2 passengers
passengers:

Vehicle payload: 2 pieces ofluggage

Range: =100 km

Costs (TCO): TCO egual to today’'s compact cars
Market Central Europe

Reqgistration LTE

Maximum speed 120 kmih

Output at wheel 15 KW

Curb weight 500 kg incl. battery

Energy storage  Rechargeable battery + el. Range Extender

(Technical University of Munich)

Vehicle Structure
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New Challenges: New Materials (CFRP)
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Reducing Vehicle Weight

 Alternative materials and assembly methods

 Fundamental change in vehicle designs
— Rely more on engineering tools
— Impact on part manufacturing, assembly, joining - factory

Top challenges of achieving fuel efficiency Decreasing weight
and emission standards

| |
e
= |

30% Lighter body

|

| 30%

| |
23% 3

Smaller engine

Reducing vehicle lightweight

Drive train

Lighter chassis

e

Reduced fuel
0% 10% 20% 30% 40% 50% Additionalbody mnkcapacity,

Percentage of respondents, n= 218 weight reduction fewer batteries

Battery technology

Repacking of the vehicle

Control system technology

I Al respondents
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Lightweight Development

Maotivation for lightweighting Cﬁﬁﬁ
AU

Reasons for lightweighting

legisiation Leads to weight increassa
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EU: SEAM Cluster

Safe Efficient Advanced Materials

— Biggest European RTD-cluster on lightweight design

— Cluster duration: 2012/10~2016/09

— 47 partner from 10 countries, about 19M € funding

,:' - SafeeV

Safe small electric vehicles through
advanced simulation methodologies

dissemir

Z

Coordinator: ViF

5D ALIVE

Advanced high volume affordable
lightweighting for future
electric vehicles

B&W

Coordinator: VW

SEAM

Liaison Team
CRE VW, fka,
ViF, LBF, ika,

EZ ENLIGHT

Enhanced lightweight design by
advanced lightweight materials

on

Coordinator: Fraunhofer LBF

Pk MATISSE

IModeling and testing for improved

safety of key composite structures in

alternatively powered vehicles

Coordinator: fka

Vehicle Structure
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EU: Concept

SmartBatt SuperLIGHT-Car ELVA

Fully integrated battery housing » FEconomic demonstration of » Concept of light BiW for EV's
multimaterial vehicle structures

Lightweight battery concept for high-volume produced » Space frame design

New materials for battery combustion cars » Modularity in battery and BiW

systems = design

Soure- Super iGHT-Car® profect 2009

Rniare Frinnater | BF . _SmaetRat s

ALIVE

» High volume

ENLIGHT

» medium volume

# Novel materials

. » Low weight
MATISSE » Low costs > Low weight SafeEV
Sounce) B Koz | Voliowaogen Group Aessarch, E-EFFGA 2043

# Modeling and testing » Modeling and testing of small EVs
| » Safety of composite structures » Safety of vulnerable road users

Vehicle Structure Introduction - 38



EU: ALIVE - ENLIGHT

30 % weight reduction Additional 20% weight reduction

EV specific weight in SuperLIGHT-Car (SLC) ALIVE

A battery housing

36 Ki
z;ﬁfm&&?é

| 11
I I | : |
| L1 |
I EV specific | | I ABIW | | i
| supporting |1 | 7{‘( ! g
I frame RN 1! aBiw z,
| bty |1 AN\ ) o %
e | H S |
LS 11 : i z |
1S batte_ry W - gl battery £
|5 housing 1 179Kg:i 3 | | related g I
i % 'l - 3 §ul integrated = |
|2 L mly _  Letwowe | =N
(kg) (kg)
400 ~
350 ~
300+
250
200 -
1508:
200-230 100 -25;@
Hi) =
0 X
Benchmark EV ALIVE ENLIGHT Benchmark EV ALIVE ENLIGHT
(Nissan Leaf) (Nissan Leaf)
FRAME HANG-ON
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US: WorldAutoSteel

UltraLight Steel Auto Body

1998 (=

ULSAC &
UltraLight Steel
Auto Closures

ULSAS

2000 UltraLight ) '

Steel

Auto o

Suspensions
2000

Vehicle Structure

2008~2012
FutureSteelVehicle

Nature’s Wa y to Mobility

ULSAB-AVC

Advanced Vehicle

Concepts - : .' -
2001 s E
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US: FutureSteelVehicle (2009~2012)

FSV 1

A-/B SEGMENT

4-DOOR HATCHBACK

3700 mm LONG

Plug-in hybrid drive

PHEV-20

Electric range: 32 km

Total range: 500 km

Max. speed: 150km/h
0-100 km/h: 11-13s

BIW weight: 176 kg

Battery electric drive

BEV

Total range: 250 km
Max. speed: 150km/h
0-100km/h: 11-13s
BIW weight: 188kg

FSv 2

C-/D SEGMENT

4-DOOR SALOON

4350 mm LONG

Plug-in hybrid drive

PHEV-40

Electric range: 64km

Total range: 500 km

Max. speed: 161 km/h
0-100km/h: 10-125

BIW weight: 201 kg

Fuel cell electric drive
FCEV

Total range: 500km
Max. speed: 161 km/h

0-100km/h: 10-12 s

BIW weight: 201 kg

ICE 1 ICE 1 HEV 1 HEV 1 FSV 1 FSV 1 ICE 2 ICE 2 HEV 2 HEV 2 FSV 2 FSV 2

2010 2020 2010 2020 PHEV:; BEV 2010 2020 2010 2020 PHEV g FCEV
"” Body Non-Structure 245 190 215 190 190 190 302 210 257 210 210 210
@ Body Structure 272 241 272 237 173 190 337 298 337 303 198 175
e g Front Suspension 59 40 62 45 40 45 73 49 76 55 51 44
—KJ Rear Suspension 53 39 61 37 26 35 65 45 73 44 52 34
-~ |Steering 17 17 17 17 16 16 21 21 21 21 19 19
= Brakes 38 31 40 33 29 32 47 7 49 40 37 34
‘.:_-,‘l-" Drivetrain 222 197 297 252 215 78 274 244 359 304 261 177
== |Fyel, Battery, Exhaust 48 55 104 105 98 347 59 68 125 127 178 114
@ Wheels and Tires 78 59 68 55 38 44 96 72 80 73 70 61
L Air Conditioning 32 42 27 33 36 36 40 52 35 46 47 47
< Electrical 55 63 55 66 63 Lt} 68 78 68 82 43 93
- Bumpers 26 21 23 24 20 23 33 25 3 28 26 22
g Closures 54 48 19 44 46 46 67 a9 62 55 48 18

TOTAL 1199 1044 1290 1138 990 1,137 1,483 1,260 1574 1388 1279 1079

Vehicle Structure

FSV-1 BEV mass target: 190kg (-35% of [ULSAB AVC(268) + update(22)])
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US: MMLV Project

U.3. DEPARTMENT OF

ENERGY

— Timeline: 2012-Feb ~ 2015-Sep

— Budget: DOE ($10M), Vehma/Ford ($10.3)
— 5015 CD MO E X}t2F= 7|2 X1252013 Ford Fusion) Ll H
ds, AHdES RAISHHM S

— Body Exterior and Closure, Body Interior and Climate
Control, Chassis, Powertrain, Electrical

. Mach-I: 23.3% (364kg) S LA (B =, A|AH)
~ J|Z0|| AR THS T R B oF AR
~ H|2 13gio| HiX|Ora &+

~ AIEE HE MBSOl HAE

e Mach-1l: 40% == 44 =
- IS MBS 2H AR
— J|&=X 7 =0l

Vehicle Structure

H

||||||||||||||||||||||||||||||
- Aluminum cas| ting
- Steel |
D Composite ‘
P - 5%
- Magnesiul m ‘
- Aluminum e: xtrusion 44
Front Rails will be iterated with
600 MPa UTS, 8% elongation
C12Z Alcoa Aluminum
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Vehicle Structure

MMLV

Multi Material

Lightweight Vehicle
way || ooy (e
PMT Description it 2013 Mackl Mach Design Design
Taurus Fusion DESIGN Prototype Targets Status
FINAL || Planned | Rioper iy | (4 Mar 14
Body Exterior and Closures (kg) 574 594 456 489 37 355
Body-in-White na 326 250 251 183
Closures-in-White na. 98 69 88 56
Bumpers na. 37 25 H 24
Glazings - Fixed and Movable na. 37 25 25 21
Remainder - tim, mechanisms, paint, seals, efc. na. 96 a7 94 FiL
Body Interior and Climate Control (kg) 180 206 161 19 i 116
Seafing na| 70 42 61 34
Instrument Panel na. 22 14 15 "
Climate Conirol na Zr 25 27 11
Remainder - tnm, resfraints, console, etc n.a.| 88 a0 88 &0
Chassis (kg) 352 350 252 269 44 212
Frt & Rr Suspension na. 96 81 85 66
Subframes| n.a| 57 30 44 19
Wheels & Tires na, 103 64 58 57
Brakes na. 61 49 50 43
Remainder - steering, jack, etc. na. 33 29 32 27
Powertrain (kg) 350 340 267 299 90 181
Engine (dressed) na| 101 71 10 B4
Transmussion and Dnveline na. 106 92 54 38
Remainder - fuel, cooling, mounts, etc. na. 133 104 143 79
Electrical (kg) 67 69 59 66 3 47
Wiring na 28 25 23 23
Battery na. 14 8 10 8
Remainder - altemator, starter, speakers, efc. na. 27 26 27 17
Total Vehicle (kg) 1523 1559 1195 “ 761 911
Weight save w.r.t. 2013 Fusion 23.3% 15.7% 51.2%
Weight save w.r.t. 2002 Taurus  21.5% 13.8% 50.0%
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* Mercedes-Benz “C-class” AlEt=

Mo X|MA7|=S e 7HL 7|+ (New Energy and Industrial Technology Development Organization)
Arthur D. Little
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Textbook (2011)

This book will provide readers with a
solid understanding of the principles
of automobile body structural design,
illustrating the effect of changing
design parameters on the behavior
of automobile body structural
elements.

Emphasizing simple models of the
behavior of body structural systems
rather than complex mathematical
models, the book looks at the best
way to shape a structural element to
achieve a desired function, why
structures behave in certain ways,
and how to improve performance.

Vehicle Structure

Fundamentals of
Automobile Body
Structure Design

by Donald E. Malen

3 " Al Ir
W|Jl""f!.-"|"'ri:J.-r Wizt
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