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Application of SIMPACK for Simulating
Valve Trains and Timing Mechanisms at
Mercedes-Benz Automotive Engines

« How do we use SIMPACK.

e Simulation of a single valve train model.

e The cylinder head model with hydrodynamic bearing.
e Chain drive with flexible chain guides.

e Coupled model of valve train and chain drive.

e (Conclusion.
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We use SIMPACK for the simulation of ...

* the dynamics of the valve train
for all gasoline and diesel
engines of Mercedes passenger
cars and light weight trucks.

» the pressure and gap distribution
in the hydrodynamic bearings.

e the dynamics of the timing
system (chain drive, gear drive).

e the dynamic behavior of the
coupled system of valve train
and timing system.
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Description of MBS-model for single valve
train simulation

SIMPACK-model of single valve train analogous model of single valve train

m.g
. . lever as
detailed elastic body|
HLA-model
¢ Sae

dyn. spring model :
multi mass (1D) or
SIMBEAM (3D)

Gas force
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Animation of a single valve train simulation
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Results of single valve train simulations
compared to measurements
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Good correlation of the simulation results of a single valve train and measured data.
The simulation results get even closer to the measured data when modeling the whole
cylinder head, but the simulation time is increasing remarkably.
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Description of mbs-model for cylinder head
model

Elastic cam shaft using

Substructure of detailed SIMBEAM or FE-body.

single valve trains with
elastic lever and dynamic
valve spring.

Hydrodynamic bearings
based on TOWER by IST
(impedance or FEM-

Gear pair to drive the online).

exhaust shaft from the
inlet cam shaft.

The cylinder head model is used to investigate the interaction between the single valve trains.
By applying the external forces from the chain drive it is possible to do detailed simulations of
the valve train dynamic and the judgment of the hydrodynamic cam shaft bearings.
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Results of single valve train and cylinder
head compared to measurements
single valve train cylinder head model
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Comparison of the simulation time :
single valve train : 02 min cylinder head model : 160 min
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Simulation of the hydrodynamic cam shaft
bearings using TOWER by IST

Distribution of the hydrodynamic
pressure on the sleeve.

Distribution of the gap between sleeve
and cam shaft.

hydrodyn. Pressure [N/m?]

gap height [mm]
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Description of the simple chain drive model

Cam shaft excitation by
external forces.

Chain with 3 DOF/link with
detailed description of the
interlink contact and the
contact link to wheel/guide.

Chain guides,
rigid or elastic based on
FE-bodies.

Crank shaft vibrations from

measured or simulated data.
|

Chain tensioner with detailed
description of hydraulic and
mechanical behavior.
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Results of simple chain model with rigid
guides compared to measurements at
2500/min.
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Results of simple chain model with rigid
guides compared to measurements at
6000/min.
measurement
————— SIMPACK
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Maximum deformation of a chain guide
depending on geometry and/or material

geometry 1, geometry 2, geometry 2,
material A : material A : material B :
01,65 mm 01,30 mm 00,20 mm
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Animation :
Dynamic deformation of a chain guide
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MBS-model for coupled simulation of chain
drive and valve train

Detailed cylinder head Elastic balancer shaft with
model. hydrodynamic bearings based on
TOWER by IST.

Camshaft phaser with
hydraulic stiffness.
Detailed description of
gear drive.

Crank shaft vibrations
from measured or
simulated data or linked
to crank train
substructure.

Elastic chain with 3
DOF /link with elastic
chain guides.

cha _ i detailed Model data :
ain tensioner with detaile DOF - 1800

. . E /
descrzlpt.lonI (;f Eydraullc and k CPU-time :07.,3h
mechanical behavior. (0,2 s real time at 6000/min)
T
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Conclusion

® Depending on the problem, the substructure technique makes it easy to combine
the various validated subsystems to a complex model including the interaction
between each model.

=> The modular structure of the simulation models makes it possible to choose the
most efficient models for each problem.

® By using fully parameterized substructures it is easy to adapt the existing model
structures to new engine geometries with a minimum of modeling time.

=> Short response time to new requests or engine projects.
Well established simulation process at DaimlerChrysler to support the design and

testing engineers in every stage of development to minimize the versions for
hardware testing.
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Thank you for your attention
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