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vehicle programs
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Fuel efficiency Engineering Challenges

Balancing Emissions, Cost and Brand Performance

Keep the CO2 emissions objective

A Growing part of electrification/hybridization i et W _» TR
A Introduction of waste heat recovery, alternative % ” \“;\‘\. -~
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Vehicle integration is becoming a major issue i %o Sy
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Maintain the Customer Satisfaction & Cost
A Driving experience
A Cost of ownership
A Reliability & Safety
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Different solutions around the globe
ALocal preferences (AT/MT, Gasoline/Diesel/HEV, ..) 7 P Srony o domnicns
A Difference in legislation |

Source: McKinsey & C° - Strategy & Corporate Finance in Automotive- Aug 2013
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Powertrain Development - Industry Challenges

Performance and Losses

Quasi-steady state and low frequencies. Optimization of ratios and control strategies over a performance
cycle. Prediction of heat release leading to heat exchanger sizing. Prediction of losses to improve
consumption. The interest in losses has increased dramatically in the past years.

Comfort

Comfort of driver and passengers leads to the interest in low frequencies (<40 Hz). The vehicle will move
and vibrate with the drive line dynamics including the engine moving parts. Every controlled subsystem of
the drive line is subject to affect the torque provided to the wheels and therefore the vehicle motion.

NVH T Noise, Vibration & Harshness

Generally high frequency (> 40Hz) due to hydraulic
to noise and durability issues. High frequencies of mechanical parts will involve component deflection

leading to the need for FEA to obtain surface velocities.

Durability and Strength
Design should withstand loads and conditions for the entire expected life time.

Performance
and Losses NVH

Durability Comfort
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PROBLEM STATEMENT

A Each attribute requires
different model scale to
reproduce

A Each attribute requires
different evaluation
scenarios and metrices

A Some parameters have
an influence on multiple
attributes and require a
balancing exercise
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Engine torque @4000rpm - 50% load
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Transient drive ability : /

Shock & Jerk, Shift Sh_O’ Drive ability

Vibration Comfort

Engine torsional
Clutch / T™ driveline excitation:
stiffness/damping Idle

\Engine mounting (non-linear) / \
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3D suspension

Body flexibility &

NTFs (TEST or CAE)
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KSuspension dynamics \

Noise path contributions

Vibration comfort
Interior low frequency noise
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