Dynamic Analysis of Dry Friction Paths in Torsional Systems
With Focus on Automotive Torque Converter Clutch
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Automotive Drive Train: System and Operating Conditions
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Reduced Order System
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* Engine torque: combination of mean and pulsating terms

® Dry friction clutch: non-linear torque w.r.t interfacial relative velocity
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Smoothened vs. Discontinuous Coulomb Friction Formulation

Discontinuous and Piecewise Linear:

Continuous and Non-linear:
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c = conditioning factor
* Passive friction torque w.r.t. relative velocity

® Active friction torque w.r.t. relative velocity
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Smoothened vs. Discontinuous Friction Formulations

* Time Domain Responses:
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H Effect of Secondary Mass: 2DOF vs. 3DOF Systems

2DOF (1, = 0)

* Comparison of Time Histories

3DOF (I, # 0)
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Frequency Response Characteristics: 2DOF vs.

3DOF System
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Validation: Ferri and Heck’s Analysis (1995)

m=1 |-—— fcos(mt)

P
e

:\< [
T

20

k=

—

)
N\

N

Turbine Blade
Friction Damper

3
2.5
2,
Y
1.5
1,
Pure Stick Stick-Slip Pure Stick |
0.5 | | |
0.5 1 i 1.5 2
Key:
x X X pure stick solution o o o discontinuous model
____ smoothened frictionc =50 __ smoothened frictionc =10
100 Ferri and Heck’s




Validation: Hartung et. al. Experiment (2001)
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Hartung et. al. Experiment (2001) Our Predictions
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Non-Linear Frequency Response Characteristics
Appearance of Super-Harmonics

Velocity (6,- 6,): max-mean-min
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Magnificient Factor

Comparison with Den Hartog’s Model

Pure Slip
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