
� Incremental method + co –rotationnal FE formulation + contact penalty-barrier method

lamcos.insa-lyon.fr
LaMCoS, Université de Lyon, CNRS, INSA-Lyon UMR5259, 18-20 rue des Sciences - F69621 Villeurbanne Cedex

Research steps Drag force and Efficiency analysis

Technological and Scientific contexts

� Drag force: threshold load to move the cable into the casing

� Efficiency: ratio between In/Out forces

� Experimental design influence analysis � Drag and Efficiency per unit length

Nonlinear interactions between a cable with no axial preload and its 
casing. Application to automotive gearshift command systems
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Dynamic and Vibration transmission analysis

Curvilinear casing geometry and contact points prediction
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Driving comfort requires to reduce:

- Drag friction force during gear shifting,

- Gearbox vibration transmission to the gearshift lever

- cable-casing vibro-impacting noise 

Main scientific challenges

- cable-casing spatially curved  geometry simulation,

- non-linearities: cable-casing contact, large displacement,

- vibrations and dynamic instabilities, parametric excitations
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Cable and casing mechanical properties (E, 

EI, ρρρρ), geometry characteristics

Boundary conditions and surrounding components 

(start, end, intermediate, points)

Non linear FE Computation, large displacements, co-

rotational formulation, cable-casing contact problem 

solved with penalty method

Elementary Drag force and 

efficiency experimental 

identification

Drag force and efficiency calculation on real 

car gearshift mechanism

Dynamic 

Ananysis

• Modes and frequencies computation 

around static equilibrium position

• Forced response to:

• Cable axial excitation

• Casing transverse excitation

• Vibration instabilities prediction

Spatially curved cable-casing path, 

contact points and forces

Drag force and efficiency 

models integration

Experimental validation
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Planar-S casing path

FE modeling, cable-casing 
contact interaction

¼ circle casing path

Car configuration test
Cable axial excitation
3-axes accelerometers

Input axial acceleration on cable

0

10

20

30

40

50

60

70

10 50 90 130 170 210
Hz

A
cc

el
 m

/s
² 

rm
s

Computation algorithm
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computed cable-casing geometry
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� Drag force an efficiency computation from cable-casin g path decomposition and
experimentally identified model

(Fin,C1) ηlin_1 _1zoneF∆ 2 _1in zoneF F F= − ∆ ….

�Time response around static equilibrium position
� cable axial harmonic excitation 
� casing transverse excitation

�Time integration to predict dynamic response
�Experimentation-Validation on 

� basic casing curved geometry
� car cable-casing geometry

Computed cable-casing
spatially curved geometry

Kcable-casing , Mcable-casing

Newmark scheme
Time response computation

u(t)
P(t)=P0 + u(t)

F(t)=F1sin(ωt)
Or

γ(t)=γ1sin(ωt)
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