£ 21 = (Platform) (1)

O._| 7t", 2014. 04

L—
—

H 2EO0A ME
3, 2011)2t

(=

Al 2012)0]|2f

2
o

ﬂ.nt — O_ul_ 10

il

o1 0T O ﬂ_ﬁ
_im_xOA_lVHM
™

T2 SEA =8

Introduction - 1

Vehicle Platform



£ 21 = (Platform) (2)

-,

— A sw A7 EelotE ESlE =2 AR E A|AEQ 7|20
f=S8 T2 A2 2 O 2G| |
- X211 AN A LS| SEE TEF2 Google, Appleiit 2| At 2f
£0| SAA QI 2 AKX K| (ex. 2LEZO|E, j0S)E HIE 22 7| 7|
A QIR I REC| O E2|H 0| = AH[Xte}F Of 7H 3= & (35)
o= MY
- MZQoM SEEE 7[ES F3E MEF2 7[Y L
A S dibd Hoo 4
o AYHEXSK7|E2 &
bl XS ok

=
. e
s mo _f e
2719 SWH =X}
=H= ST YA
clEdl 7|1
S AMAFRIR} i0S =3 =
- H| AF
titidRath2

Vehicle Platform  A}5% © Vision Mobile A& . Volkswagen &3 Introduction - 2



Vehicle Platform

>
i)
rxd

(o':m"””
QoA
SRR
35 T
N - of
or >t O
> Jo =
__,\_Iz\lz
'

NTrio
el
mHH O
n

> s 4
0||' 0
2
30

=
~
=t okl ro

=
|m

0
bl
T
)
okl

Creet

Ao 7t S7tE =
A 2, HUMAS| SHE

o
=
= MELE s5it=
W

™

e s5%s U

=
JELEMEMEY s Ble Mel =

M&ote 2 21t

oHe N

IOt 1|

1|2 &
o= i

Moz A

23 21}, Lock in 23}, ST 71X XS

AR EUE HELA B9 EE
HZ=7|Ye| S=1E Haf

aHF7| AUzt 5
52 8HBH  xHEY oY

Introduction - 3



 Nest Lab > Google Nest (2014.01, 32 EH&{)

- 2o = &

Vehicle Platform

497 FEEHN

G gy mewrt

nnnnn

O nest anie T 3zaz

Jg’lalzwr

Xl He

- OO

MH AR

© v

7| = (wifi, touch sensor, cloud &)
5HoES ADIE QEXHEIZ MAE ZYPE 1=

o

= A
e E S2| SEE =45}

<HYAES Rush hour gJ¥E T2 7>

FHEH O3 K AR AS

-AHE | STYHERE
O] 200y st By

Z}5E . nest.com A ZHA¥ Introduction - 4



- OlHX|IEA|, 7HE A, SWEH|, MH[AHK S0| &
oot &2 SHF S SOl 2H| A0 £0HE Z0|2t=
MEZ 2810 88 H&

- 2EXHY| 4 1 MU R 26(%} ZOIZ0| LEBHX
3 1S S5 215 7| Q0| MHIAS AL DHRE 4
Z o2 T

« [OHX] UK =2 T3 A|H0| MEEFHE HFE2=ZM 0|4

Al GM=ZzFH g =3

IO JEIE 25, =F, 28 M3/ AHEA FM 0 ot

OH A-”El-jl II-E g

« [SW] 20EE, H=&, PC S E&et 27770 2 =27
SER Yy

o« [MB[A] 20| H YA R EA Ars2 = 2N HE, ALEAL
AOEEO &8

Vehicle Platform Introduction - 5




Vehicle Platform

| =
f*l*f%od 7‘._134-3—E|L(SolarCity) I=|H E 2|

o |
— 7| X3 Kp Lol 7
24 A (Giga factory), &S T A
ot A =19 7|[==Hur 4
- TEI|Y=0| H=z2te 5*

s X|—A|—7|— HOSts

('14. 06) [2037l] & 1

i)

HYg ¥H3a

. SolarCity
U ‘\ g

AR P

o

ILIOSS®

a4
p

silev
ZepS

AHE AL H|Z A}

<Elz2 Ay 7

bﬁm E{2] S ABHOE YT
CR ST E 22

"27 s
L
B G, ey

o Y

x4 WE FHL - SSJIE“‘
50, 52, SOHAOHSS, 28) 22

Su percharger) F&2= UEZ
HE HR

ol E &8 T7|KE g
Sol|(HiE 2| 22|, =4l &)
H7f HiE 2] 22| 7| =¥ (Kt= : |

s e
:I;m o - (]
;“ % Y RE :
© o e '
¥ okl 3
KA ¥
b ot te
" ] 'g'\. :'v F)
e
(117113 v § fe
yAa T / }ﬂ ¢
. .‘l.off. ;:t
A, : 8;"”- :.. _
e C S

A= . gHSE 29o]x(15.11 7]5) Introduction - 6



H=LA RE SSHE: S/
- GE: 2|5 2| O}O|C|0| & 2Ll O|F A &==l5t=
H| =LA 2388 E ‘First Build £ A & (14. 4)
— HMEEl of0|C|0f& Q2o XtR 22 C|Xt0|L, AX|L|0f, 2
H}O| =

30l £0| &Hojste HELIE| 120] O8) - B 2HE| 0],
OFO|C] 019 A|ZHAJO| SHQIE| B 2T Ol K= 3t HE FI2H

o I_O
- S B OIAEE, L S ofo|ciofe] ATt Ze of7| ol
UL Ol 817 5

E_I_I

<GE HXYA Z=<1Z(First Build)>
€ ey LD

E Loca ..Hal'aﬂs
O3S HYS E31 A2Q 20 J-? Qe 18

2tindi :
S [IB ﬂrstbund]

H st 18

Eo-2-7-
| -

opojCio] 22 FHE17]

Cixpo|

TechSr#p

Micro manufacturing X| &

Zx{ur| - A v PTTTETRR L NEE B9
”( ................................. £‘ n
azs o4 T (".ﬁ a —— N X )
Vehicle Platform EE::,_,” Aot HparE 7| Mg,ﬂ . 1 e

o ; (R aAl Introduction - 7



o}
4|
o

O._ N
q4 =
A T
od
Kl m
o
o
- K4
S
o
= 1©

K
o
ol on
[zl ~J
7 T
m

+
> o

K
<] H
Z1IH o] oK
I zra
=TS
L|TF Tl
XE oIS

2 &k i CH

=
—

= EHEO M L= T

2t
=

39| 7|=0] 2|, 2&2| -

Introduction - 8

18217

7t? (2020.12.17)

ost2 st
- a=2= =

° o

HI
= A0 -

=]

IT

https://young.hyundai.com/magazine/motors/detail.do?seq

AtS At

Vehicle Platform



LRSS AL S Z 2| GAf

- 1990AL HEE Z3= He|2 AN E3HEF 7T 2R
« 1M|CH E24Z(2008): YFALIEL, DAZHHHG
— 2271 > 1071(2005) > 67|
« 2M|CH E34=(2015); LFALLEL, 2M|CH K5
Mg =9l Z40]

1N

0% ot O

18 gy 1
2 H
10
Iu
of

i
oy
&

al
ok

~~
N
o
—

mjo MH
L
[t

ﬁ

X ==
o
<
ot 189rQ ©
il
>
o
ot
[u:|o
Ofn
I
x
orr
ak
o
x
olr

=
2
yl!
il
o
N =

HA et E
S| i X[ Sh=
|7

W
>
42 =@ = ptoft re

HE 0%
o ot

El
10
m
e
ro
[
]
1n
L8]

-

F 2l
_Tl_ E:I _6|-E %-CI)I;II-I%I OI_I Xl‘ E'CDI: AE_l 7:” Introduction - 9

Vehicle Platform




- BEUS Sof 3R BE L g BY
» 7| LhA7| 20| A W OF o= (Ll Eg 2, &

=®i3 3)0| HiH 2| = AR *IE
— Teslal| =7| Roadster: Lotus chassis 7| &t

* Tesla Model S (2009)

- XrEFHorF0| A2 HiE 2| B X|: X FA S 0| ROHA ¢t
MZt0| =OX|H sHE 2| kA

o o
— Box on Box(H{E{ 2| SEHZ): HiE{2| & S7H0f Cist &8 &
=>AHE 2ol =2t
- Skateboard Platform: ™ 7| Xt &7
- HiHE| ==0| ¢tEF (2FO|EEE 58 % HiE{ 2|7} XbX]
St= H|&, 70%0[35})
— HiE (ol =X TiX|: Xt =0 7[0f?

P

Vehicle Platform Introduction - 10



Veh




GM’s AUTOnomy Project (2002

- T2z AEF

THE AUTORCMY SHATEBOARD

THE AUTOHOMY COUPE

:) UNIVERSAL DOCKING CONNECTION
Power communication port

that connects the body contrel
systems — steering, braking, power
and climate — with the skateboard

(® CONTROL SYSTEM

The vehicle's brains, controlling
the x-by-wire functions, telematics,
suspension and climate; central
housing for vehicle's 42-volt
electrical system

&) REAR CRUSH ZONE
Optimized to help protect
vehicle occupants by

absorbing crash energy

}) BODY ATTACHMENTS
Mechanical locks that secure
the body to the skateboard

HEAT DISSIPATION {3
Releases heat generated by

the fuel cell, vehicle electronics
and wheel motors

FUEL CELL SYSTEM
Fuel cell propulsion system,
including fuel cell stack and
hydrogen storage tank

}) FRONT CRUSH ZONE
Optimized to help protect
vehicle occupants by

WHEEL MOTORS (& ¢
absorbing crash energy

Four-wheel-drive motors
that propel the vehicle

Vehicle Platform

AUTONOMY

A A&7 CfA el

Electric vehicles = Disruptive
Hybrid technology = Sustaining
Fuel cell technology = Disruptive
GM AUTOnomy = Disruptive

“The fuel cell is as big a change from the
internal-combustion engine as the internal-
combustion engine was from the horse.”

Key Challenges

v Industry Wide

» Distance Constraints ﬁ .
300 mi trip limit '

Lack of infrastructure for fuel ceII
recharging / refueling \:’
>
+ Cost Constraints V1
Cell itself is 10 time too expensive

Low fuel costs in US lower ROI for US
consumers

» Technology Itself Unclear :

State
- Hybrids: interim or long-lasting?

Compressed Gas vs. Liquid vs. Solid ﬁ‘
i

» Specific to GM

“Industry Leader” Goal
Current Hy-Wire approach threatens
status quo at GM
Pressure from the press for updates
Annual prototype roll-out
Large scale volume expectations

» In-house Development
Preference
Independence from outside suppliers
Recruiting and building the right
team
Limitation of leaps of thought by
team

Introduction - 12



Global EV Platforms

* Volkswagen Group MEB

 GM Global EV Platform

« Toyota Electric New Generation Architecture e-TNGA
« Renault-Nissan-Mitsubishi CMF-EV

* Hyundai-Kia E-GMP Global EV Platform

Automotive |Q Guides: Electric Vehicle platforms (2019.10.07)
Top Five: Global EV Platforms (2020.06.18)

Vehicle Platform Introduction - 13



Audi/Volkswagen

MEB (Modular Electric Platform) structure & benefits
The all-new e-platform gives many customer advantages and allows different
sizes and ranges to be fitted to later ID.3 and ID models

Battery construction
Battery cell Battery module Battery system
Q Wide wheelbase, .
-
— Shnrt overhangs
B -
Rear-wheel drive for
Iﬁ)ﬂ optimised weight
- distribution

Large, narrow
wheels for
aerodynamics

260 miles (420km) 340 miles (550km) >

o i .
New central
computer system
- 7 Modules 9 Modules 12 Modules
=45 kWh =58 kWh =77 kWh

" | ®

€11

Ladeanschluss
Charging point

Techday insight e-mobility
MEB Plattform: Elektrischer quattro Antriebsstrang

MER platfarm: Electric quattro drive train

09/19

ihite L ie
Liquid eopled lithium-ion battery

E-Maschine vorne mit Leistungselektranik
Front electric motor with power electronics.

E-Maschine hinten mit Leistungselektronik
Rear electric motor with pawer electronics

Increases amount
of space in the interior

Offers variable Battery Capacity based
different driving demands

Guarantees the best
design and positioning
for the batteries

MEB is Volkswagen's
flexible modular system exclusively
for Battery Electric Vehicles
(actually a matrix of common parts)

Vehicle Platform

https://www.youtube.com/watch?v=9rxcZMZ3blo

4

@ . | Electrical range starting roughly
B ™ at 200 miles with higher battery ranges

optional + High Performance
Charging (80% in 30 minutes)

Ensures optimal vehicle equipment
for electric vehicle requirements
by taking into account what axles,
drive units, wheelbases, and weight
ratios need to look like

Introduction - 14



GM: Ultium (2020.03.04)

FUTURE
ELECTRIFICATION
BANDWIDTH

v

MODULAR
ARCHITECTURE
TO FACILITATE QUICK
AND COST EFFECTIVE
SEGMENT ENTRIES

GENERAL MOTORS

https://www.youtube.com/watch?v=5YeJUsB1ehg

Introduction - 15
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TOYATA: e-TNGA

Vehicle Platform

Dedicated platform collaborative planning ( S22 ): e-TNGA 2
) e
passenger position;

Total
width

—

C

o | (][]

Wheel base

C_J
{—}
Change

Front motor Q Rear motor

Determine fixed points and points of: change, and respond fluidly

to multiple variations
START YOUR IMPOSSIBLE TOYOTA

Module development: e-TNGA 28

WAL ATIIAT Y T

Front module Center module Rear module

Overhang Wheel base Overhang Capacity Output
Short Long Short Middle Long Short Long Small Medium Large Small Medium Large

Deploy multiple variations efficiently

START YOUR IMPOSSIBLE TOYOTA

https://newsroom.toyota.eu/toyota-to-preview-all-new-battery-electric-suv/

Introduction - 16



CMF-EV (New Modular Electric Platform)

Flat floor

Augmented roominess

https://www.youtube.com/watch?v=yUSDe9Qllho

Vehicle Platform Introduction - 17
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— Hyundai, Kia Invest 100 Million Euros In Arrival EV Start Up
(2020.01.16)

— Hyundai Adds Electric Vehicle ‘Skateboard’ Project With L.A.
Startup Canoo To $87 Billion Mobility Push (2020.02.11)

Vehicle Platform Introduction - 19




Tesla Battery Day (2020.09.22)

We Have A Plan To Halve The Cost Per KWh

CELL FACTORY

|

CELL DESIGN

ANODE MATERIALS

CELL VEHICLE
INTEGRATION

CATHODE
MATERIALS

Vehicle Platform Introduction - 20




Improve Mass And Range:
Structural Fuel Tanks vs. Structural Batteries

Vehicle Platform Introduction - 21



Revolution In Body + Battery Engineering

10% MASS REDUCTION 14% RANGE INCREASE OPPORTUNITY 370 FEWER PARTS

Simpler, Smaller, Integrated Battery + Body Factory Of The Future

55% REDUCTION IN INVESTMENT PER GWH 35% REDUCTION IN FLOORSPACE

CURRENT FUTURE
Vehicle Platform Introduction - 22




Cell to Pack = Cell to Body
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Honeycomb Structure
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Vehicle Platform
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Vehicle Platform
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Global EV(BEV, PHEV) market
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ly Emer ; 209 175 156
8 |CHERY 83 58 [ -30.1%)]| 200
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2020

3,124,793

2016

ol 774,384

MIA 71k T
By
MR BEVHPHEY

A1EEV Sales
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Vehicle Platform
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