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Numerical Method for the Combined Analysis 
of Seating and Ride Comfort
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Outline

Å Seating Comfort vs. Ride Comfort Ɖan opportunity

Å The Seat and the Human Body

Å Substructure Technology - From FEA to MBS
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Seating Comfort vs. Ride Comfort 

Seating comfort:  
Seat + Occupant

Ride comfort: 
Vehicle + [Seat + Occupant]
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Seating Comfort vs. Ride Comfort

Seating Comfort Ride Comfort

Å Precise representation of the nonlinear behavior 
of the seat cushion and human tissue

Å Interaction between seat and person via contact
Å Relative acceleration

Å No precise representation of the nonlinear 
behavior of seat cushion and human tissue

Å Interaction between seat and human body not 
described in detail

Å Absolute acceleration
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*source:   Sezgin, A., 2012
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FEA and MBS - Combining Advantages

Å FEA seating comfort simulation:

Ɖ Considers non-linearity of the material

Ɖ Accurate representation of the contact behavior

Ɖ Standard approach for seating comfort

Ɖ Simulations of large models in the time domain not feasible

Å MBS ride comfort simulation:

Ɖ Time interval simulations of large models are possible

FEA seating comfort 
simulation

MBS ride comfort 
simulation

Current task
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Seat Modeling: Structure

Å Objective: Prevention of a superposition of the seatƀs eigen frequencies with the vehicle resonances

Å Adaptation of modes and frequencies to the EMA by changing the mass distribution or the local stiffness (e.g. 
seat rail height and backrest adjustment)

Important global eigen modes of the seat structure



© Wölfel 2018. All rights reserved. DassaultSystèmesUser Conference 2018, Hanau Ve, 06.12.2018 7

Seat Modeling: Upholstery

Å Identification of the dynamic properties by means of compression tests

Å Pre-compressed foam is excited with a dynamic amplitude 

Å Frequency range of the compression test up to 30 Hz 

Å Calculation of properties in the form of the complex modulus of elasticity
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Å Influence of the following body parts on the dynamic properties of the body:

Ɖ Skeleton and joints as connecting elements Ą movement

Ɖ Flexible tissue on the back and buttocks Ą contact

Ɖ Lumbar spine as connection between upper body and pelvis Ą compression of the spine

Ɖ Muscle fibers to stabilize posture

Modeling: Human Body

L4/L5 segment:
real and FE model
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Å Each modal peak represents an eigen mode that can be illustrated by human models.

vertical movement of the
upper body at ~ 6 Hz

lateral rotation of the
pelvis at ~ 9 Hz

vertical movement of the
shoulder at ~ 11 Hz

Modeling: Human Body
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The Occupied Seat

Å Nonlinear seat simulation under gravitational influence (FEA) 

Å Compression of human tissue and upholstery

Å Basis for the subsequent dynamic analysis under consideration of the pre-compressed foam


