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• MBS/Matlab-coupling: 

⇒ e.g. simulation of controlled automotive system

• MBS/Hydraulic-coupling: 

⇒ e.g. simulation of servo-hydraulic steering system

• MBS/FEM-coupling: 

⇒ e.g. simulation of pantograph-catenary system

• FEM/CFD-coupling: 

⇒ e.g. simulation of fluid-structure interaction problem

x-displacement of bar 2 Lagrange Multiplier 𝝀𝒄𝒂𝒙 𝒕Position Constraint 𝒈𝒄𝒂𝒙 𝒕

Stability behavior:
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• A co-simulation method on index-2 level is presented and analyzed with respect to numerical

stability and convergence behavior.
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Planar 4-Bar Mechanism as Test Model:
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 𝜆𝑟1 and  𝜆𝑖1 … real and imaginary part of
eigenvalue of subsystem 1

𝛼𝑚21 =
𝑚2

𝑚1
… mass ratio coefficient

𝛼𝜆𝑟21 =
 𝜆𝑟2
 𝜆𝑟1

… damping ratio coefficient

𝛼𝜆𝑖21 =
 𝜆𝑖2
 𝜆𝑖1

… frequency ratio coefficient

Simulation Results with Stabilized Index-2 Co-Simulation Approach:

• Numerical error in the position constraints is smaller than 1E-8 m.

• Coupling approach only introduces very little numerical damping.

Overall DAE-System

Splitting
Coupling Conditions:

𝑪 ⋅  𝒛 = 𝒇 𝒛
𝒈𝑐  𝒖1,  𝒖2 = 𝟎

Subsystem 1

𝑪1  𝒛1 = 𝒇1 𝒛1,  𝒖2

Subsystem 2

𝑪2  𝒛2 = 𝒇2 𝒛2,  𝒖1

General Idea of Co-Simulation:
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• Split overall system into 2 subsystems:

=> define coupling variables  𝒖1 and  𝒖2
=> couple subsystems by coupling conditions 𝒈𝑐  𝒖1,  𝒖2 = 𝟎

Here Considered: Two Multibody Systems Coupled by a Co-Simulation Approach • Instead of a direct integration 

of the overall system:

=> separate integration of

subsystems 

=> subsystems are coupled 

by co-simulation approach

• The coupling method is based on the stabilized index-2 formulation for multibody systems [1].

• The presented coupling technique is semi-implicit and based on a predictor/corrector

approach [2, 3].
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• Decomposition into 2 Subsystems

• Coupling of Subsystems by a fixed joint

• Fully stable for symmetric system

• Good stability for asymmetric systems

• Global errors 𝜀𝑔𝑙𝑜,𝑝𝑜𝑠 and 𝜀𝑔𝑙𝑜,𝑣𝑒𝑙 of 

position and velocity variables:

=> convergence with 𝒪 𝐻2

• Local errors 𝜀𝑙𝑜𝑐,𝑝𝑜𝑠 and 𝜀𝑙𝑜𝑐,𝑣𝑒𝑙 of position 

and velocity variables:
=> convergence with 𝒪 𝐻3

Test Model:

2 algebraically coupled 

Dahlquist´s equations

2-Mass-Oscillator
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