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Management Structure MAGNA Int. M MAGNA STEYR
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Global Presence M MAGNA STEYR
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Battery Systems Location Europe M MAGNA STEYR

----- Austria - Zettling (HQ)

* Plant Size: 14,000 m2

* Functions
Battery Pack Engineering
Prototype Battery Builds
Battery Pack Assembly

* Products: Li-lon PHEV Battery Pack, 12V
Li-lon battery

* Production cap. PHEV: >35.000 Units /
year (2 shifts)
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Battery Systems Location North America M MAGNA STEYR

Plant Size: 7,630 m2

* Functions
Battery Pack Engineering
Battery Testing
Material Testing

* Test equipment:
Materials Test Lab

‘ Pack ‘ Module ‘ Cell
Channels ‘ 22 ‘ 8 ‘ 381
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MAGNA STEYR China Presence M MAGNA STEYR

------ Changchun (planned) |
i -

* China, Jilin Province

* Expansion of existing plant
Planned size: ~10.000 m2
Planned Production volume:
~35.000/ (year)

Changchun

SOP: Q2/ 2016

* Functions
Battery Pack Assembly
Battery Pack Engineering

* MAGNA STEYR overall footprint in China:
640 employees in 5 locations (as of 03/2013)

Wuhan

@ Engineering Services @® Fuel Systems + Battery Systems (planned)
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MSBS Track Record M MAGNA STEYR

=12V Light Weight
Li-lon Battery Gen I

= 12V Light Weight Li-
= HEV Truck Gen Il lon Battery sPHEV / HEV

Truck Gen IV

= HEV Truck Gen |

* BEV
Battery Pack

> Serial Projects with SOP Development
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Battery Systems Product Portfolio

M MAGNA STEYR

Energy Content

Power

Voltage

Weight

Cooling

Life time

Manuf. Capacity

240 - 800 Wh

~3 kW
12V
~5kg
passive
> 10 years

< 100,000 / year

16 - 36 kWh 6 - 18 kWh 1,8 -6 kWh 0.25 -3 kWh
50 - 120 kW 50 -120 kW 50-120 kW 10 - 50 kW
400V 400 V 400/700V 120/400V
180 - 400 kg 80 - 200 kg 70 - 220 kg 10 - 40 kg
liquid (optional) liquid liquid air / liquid
>2000 full cycles > 6000 full cycles >25.000 h > 10.000 h
3,000 / year > 35,000 / year 3,000 / year 50,000 / year
____________________________ -
Energy e
--------------------- “. Power

Oct-2014

Klaus Grieshofer- A3PS 2014, Vienna

Disclosure or duplication without consent is prohibited



Li-lon Batteries for automotive — general trends

M MAGNA STEYR

WattHours/Kilogram

Oct-2014
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~150 km
(up to 400)
driving range

~30 km range
~80 kW power

» 400 km driving range
» High energy density
» High integration

» >50 km range
» > 100 kW Power

Lithium Polymer
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MAGNA STEYR Battery Systems

M MAGNA STEYR
Development Process

Mechanical integration

Thermal concept

* Customer tailored housing DESIGN . Therma.l simulation
* Modular concept * - Cooling concept for cell
* Functional integrated (Cooler thermal management

+ Housing) * - Liquid or air cooled

Battery Mgmt
Unit (BMU)

Housing

Li-lon
Battery
Modules

* Low cost and high Cell Selection

integrated cell to cell * Tailored cell chemistry

1 i
! |
nnection ] . !
;ott ectdq , |« Allcell housing types and |
. ry disconn ! . . !
attery disconnec | chemistries feasible i
: 1 i
unit Relais, i i
* Interfaces Fuses, ! ’
.. Current
*  Wiring of measure- Sensor

ment cuircits

Integrated Costumized Pack Validation
Cooling

Connectors
* Performance
* Transportation
¢ Mechanical
* Thermal and

Mass Production

Software / Battery Management

Climatic
* Functional Safety Concept * Safety
* Balancing + Supervision of cells » Life Cycle
* State Monitoring ((State of Charge, * other

State of Power, State of Health)
*  Communication/ CAN
* Usage Logging over life
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Safe Operation of Li-lon Batteries — 4 Level Concept

M MAGNA STEYR

Oct-2014

« Cell Design Qualified to Hazard Level <=3

Robust and qualified mechanic and electric pack design
Safe Battery Management Electronics and SW
Integration into vehicle safety concept
Extensive Validation

Level 1

Level 2

Level 3

Level 4

Pack Design Pack Functions Application

Qualified to Hazard
Level <=3

* coated separator

* Pure and safe cathode
and anode material

* integrated safety
devices

* Robust and qualified
mechanic and electric
design

* Usage of self-
extinguishing materials

* Safe gas release to
ambient

Safe Battery Mgmt.
Electronics and SW
Monitoring of all safety
relevant operation
parameters

Safe shutdown

Thermal management
Integration area

Vent gas management
Crash reaction

Klaus Grieshofer- A3PS 2014, Vienna
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Summary - Conclusion M MAGNA STEYR

Check list of measures to get abuse reactions under control:

. Electronic / Battery .
HV Electric Software Vehicle
. Software Management . . .
Design . . Design integration
Design Unit
Onset
v v v v v
temperature
Gas temperature v v v
Gas volumes v v v v
Gas production
v v v v
rate
Toxic substances v v v
Flammable
v v
substances
SoC dependence v v % v

Magna’s 4 Level Concept ensures the development of safe batteries for future
performance.
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Mechanical Design & Integration M MAGNA STEYR

Wh/kg on cell level
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Ford M C346  GM Volt Mitsubishi Magna E-Car Magna E-Car Magna E-Car Magna Steyr Magna Steyr Dimensions: 1000 x 250 x 600mm (b x h x t) mm
i-MiEV serial concept 2010 concept 2011 concept 2013 concept 2014
program
2010

Pouch housing  Steel metal can housing

Pouch housing

. Self supporting module structure . Package based on Standard Modules
S Cell is used as mechanical structural part S Functionally combined Housing and cooling
~ Reduced weight of cooling = air cooled system . Crash resistent Al housing
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Roadmap for energy density

L ]
M MAGNA STEYR
Metal Can vs. Pouch Bag Cell
Estimated Energy Den/si-ty/Evqution Estimated Price Evolution
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* Estimation based on Magna-internal informations * Estimation based on a volume scenario of 24,71Mio PHEV cells

Higher energy density = More installed

Reduced cost per kWh - increased
energy in same space - increased

driving range

driving range for same battery cost

Oct-2014 Klaus Grieshofer- A3PS 2014, Vienna  Disclosure or duplication without consent is prohibited 15



PHEV Battery System M MAGNA STEYR

COME INTO A DEEPER TOUCH WITH THE
BATTERY SYSTEM FROM MAGNA STEYR
AT OUR ON-SITE BOOTH.

Oct-2014 Klaus Grieshofer- A3PS 2014, Vienna  Disclosure or duplication without consent is prohibited 16



The future is ours to make.

EMPORA HCVs>»>

E-MOBILE POWER AUSTRIA Hybrid Commercial Vehicle

> | SFG|prg

bmm ‘/gé'FFG
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http://www.bmvit.gv.at/
http://www.bmvit.gv.at/
http://www.sfg.at/
http://www.sfg.at/
http://www.empora.eu/
http://www.empora.eu/
http://www.ffg.at/content.php
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