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« Company introduction

* Hybrid powertrain targets

« Efficiency improvement

« Parallel hybrid configurations & power flows
« Efficiency comparison by mode

« Strategy development

* Practical implications

« Configuration selection

« Conclusion
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Gear up for the future

Punch Powertrain mother company in Belgium
c R&D
* Application projects

* Manufacturing of
complete CVTs

« Manufacturing of key
components (pulleys & |
hydraulic control block)
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up for the fut

Punch Powertrain — Nanjing

¢ 100% owned by Punch Powertrain Belgium
« Manufacturing of complete CVTs

e Operational since mid 2008

* Already 9 customers in China, 12 in total
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Punch Powertrain’s targets for the hybrid
powertrain development:

Fuel saving on NEDC 25% (PT only)

Excellent driveabillity

Limited hybrid premium cost

Vehicle integration without compromises
Minimal vehicle modifications
Maximum vehicle functionalities
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Main measures applied on hybrid vehicles on the
market today for efficiency improvements:

Available at
Powertrain hybridisation¢ Punch Powertrain
as Tierl

Engine efficiency (Atkinson cycle)
* Vehicle mass reduction
Drag coefficient reduction
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EH
)
Bat Battery Pack
GE CVT CVT Transmission
‘ EMG Electric Motor/Generator
3 ICE Internal Combustion Engine
PowEl Power Electronics

EMG in front of transmission EMG behind transmission
ICE+EMG torque over variator Only ICE torque over variator
Variator ratio on EMG Fixed ratio on EMG speed/torque
speed/torque

20101119 CVT2010 - Configuration Selection for Hybrid CVT 7




A punch
7"pollertrain  Power Flows in Hybrid Modes

PRE-Configuration

Power flows up to power
split point

Conventional mode
identical for both
configurations

—p(Generate mode
<+«—EV Mode
- ASSiSt Mode

20101119 CVT2010 - Configuration Selection for Hybrid CVT 8



A punch

Pt awer'trmn

Gear up for the future

Power Flows in Hybrid Modes

PRE-Configuration

—p(Generate mode
<+«—EV Mode
- ASSiSt Mode

Power flows up to power
split point

Conventional mode
identical for both
configurations

POST-Configuration

©00 g

20101119

'S

-—p(Generate mode
<+«—>E\V Mode
- ASSiSt Mode
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““pollErtrain  Efficiency Comparison by Mode
Mode Principles PRE POST
Q Extra ICE torque | Only propulsion | Total, increased
g to increase torque over engine torque over
= efficiency and variator . variator
O charge battery
Torque demand | Total, combined [Only engine torque
%’ too high for torque over over variator
2 efficient engine variator
only operation
Only EMG torque | Total torque over | No torque over
~ | during driving and variator variator
LL
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Approach:
e System optimisation

 Mathematical models operating areas of
different hybrid modes

« Simulation on NEDC, other type approval as well
as real world drive cycles

* Results — Benefits of POST-configuration

— 8 to 10% more fuel consumption reduction
— Up to 50% higher EV-range
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The choice for a configuration has practical
Implications:

* Electric motor with fixed or variable ratio to the
wheels

* Engine starting with the electric motor
« Mechanical construction

* Applicable engine range

e OIll pump
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Electric motor with variable ratio:
« More flexibility for motor speed/torgue

* Torqgue multiplication at vehicle launch
torque reduction at higher speeds

Electric motor with fixed ratio:

« Higher torque motor required for same EV accell.

« Larger motor gives more flexibility over speed
range

20101119 CVT2010 - Configuration Selection for Hybrid CVT

13



/'A unch ] ] ]
poUErtrain Engine Starting with Motor

Pre-configuration:

At stand-still possible with traction motor

* While driving possible effect on driveability
Post-configuration:

¢ Only while driving ( 8 km/h)

« Variator allows minimizing effect on driveability

« Use of high voltage auxiliary drive as
starter/generator/airco drive recommended
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up for the futur
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Engine Starting with Motor
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Vehicle integration
target excludes
sandwich motors

POST: compact chain
drive with large
component carry-over

L™ PRE: a similar solution

IS less obvious due to
“crowded” primary
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PRE

« Combined input torque
limited to 215 Nm

« Highest power powertrain
expected best combination
1.8l engine + 35kW motor

Equivalent powertrain up to
conventional powertrain
with 2.4 NA gasoline
engine

POST

 Engine up to 2.4 NA
(215Nm)

» Electric motor potential
up to 60 kW

Equivalent powertrain up to
conventional powertrain
with 3.0 to 3.51 NA
gasoline engine
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PRE-configuration POST-configuration
« Electric oll pump required < Electric oil pump required
for EV-launch for EV-mode (all speeds)
* Provide clamping e Only provide minimal
pressure clamping pressure

Punch Powertrain decided to go for
a single high voltage electric oil pump
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Different aspects and (dis-)advantages
decision for the POST-configuration

| ——
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The POST-configuration has clear benefits:
* Higher reduction of fuel consumption

* More practical advantages without major
disadvantages
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