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Self-contact in rubber/foam components: jounce bumper

This example of an automotive jounce bumper demonstrates the use of the single-surface
contact capability available for large-sliding analysis in Abaqus.

This page discusses:

o Geometry and model

o Results and discussion

o Input files

o Figures

Products: Abaqus/Standard Abaqus/Explicit

Components that deform and change their shape substantially can fold and have different parts of the surface
come into contact with each other. In such cases it can be difficult to predict at the outset of the analysis
where such contact may occur and, therefore, it can be difficult to define two independent surfaces to make
up a contact pair.

A jounce bumper, sometimes referred to as a “helper spring,” is a highly compressible component that is used
as part of the shock isolation system in a vehicle. It is typically located above the coil spring that connects the
wheels to the frame. Microcellular material is used because of its high compressibility and low Poisson's ratio
value at all but fully compressed configurations.

The bumper is mounted on a mandrel with a diameter larger than the bumper's inner diameter (Figure 1).
The first step of the analysis solves this interference fit problem. The bumper initially sits against a fixed flat
rigid surface on one end; on the other end, another flat rigid surface is used to model the compression of the
bumper. The geometry of the bumper is such that it folds in three different locations. Separate surfaces are
defined at the locations where self-contact is expected. This modeling technique produces an economical
analysis because the scope of contact searches is limited.

Geometry and model

The bumper is 76.0 mm (3.0 in) long and has an inside diameter of 20.0 mm (.8 in). The mandrel, which
is modeled as a rigid surface, has a diameter of 22.0 mm (.9 in). The bumper is modeled with the
hyperfoam material model. The compressible, nonlinear elastic behavior is described by a strain energy
function. A mesh of either CAX3 or CAX4R elements is produced using an automatic mesh generator.
Figure 1 and Figure 2 show the initial mesh with CAX3 elements and CAX4R elements, respectively. In
addition to the portions of the bumper's surface used to define self-contact, additional regions are defined
to model contact between the bumper and the fixed surface, the bumper and the mandrel, and the
bumper and the moving rigid surface. A small amount of friction (a Coulomb coefficient of 0.05) is applied
to all of the surfaces.

Results and discussion

The bumper analysis is a two-step process. In the first step the interference between the bumper's inner
diameter and the mandrel is resolved. In the Abaqus/Standard analysis the automatic “shrink” fit method
(see Common Difficulties Associated with Contact Modeling_in Abaqus/Standard) is used: the calculated
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initial penetration is allowed at the beginning of the step and scaled linearly to zero at the end of the step.
In the Abaqus/Explicit analysis the interference resolution step is performed in one of three ways. In the
first approach the initial penetration is solved using the "shrink” fit method (the same as in the
Abaqus/Standard analysis). In the second approach the mandrel is positioned so that no contact or
overclosure exists between the bumper and the mandrel at the outset of the analysis. The rigid surface
representing the mandrel is then moved in the radial direction to simulate the compression of the bumper
due to the interference fit. In the third approach the shrink fit solution from Abaqus/Standard is imported
into Abaqus/Explicit. A comparison of the Mises stresses predicted by Abaqus/Standard and Abaqus/Explicit
at the end of the interference step shows that the results are very similar (see Figure 3 and Figure 4).

In the second step the bottom surface compresses the bumper 42.0 mm (1.7 in) as a result of the
application of displacement boundary conditions to the reference node of the surface. Figure 5, Figure 6,
and Figure 7 show the final deformed shape of the bumper; the high compressibility of the material is
apparent, as well as the folding of the surface onto itself. Although a general knowledge of where the
folding would occur was used in the definition of the self-contacting surfaces, it is not necessary to know
exactly where the kinks in the surface will form.

The final deformed shapes predicted by Abaqus/Standard and Abaqus/Explicit for the CAX3 element mesh
are the same (see Figure 5 and Figure 6, respectively). A similar shape is predicted by Abaqus/Explicit
when CAX4R elements are used (see Figure 7). However, the solution obtained with CAX4R elements in
Abaqus/Explicit reveals that local buckling occurs in the upper-left folding radius. This makes a similar
analysis using CAX4R elements in Abaqus/Standard very difficult. The local buckling is not captured in the
CAX3 analysis due to the stiffer nature of these elements.

The load versus displacement curves of the bottom surface are shown in Figure 8. The results obtained with
CAX3 elements in Abaqus/Standard and with CAX3 and CAX4R elements in Abaqus/Explicit are very similar.
The energy absorption capacity of the bumper is seen through these curves.

Input files

selfcontact_ bump_std_cax3.inp

Jounce bumper model for Abaqus/Standard using CAX3 elements.

selfcontact bump_surf.inp

Jounce bumper model for Abaqus/Standard using CAX3 elements and surface-to-surface contact.

selfcontact_bump_std _imp_surf.inp

Jounce bumper model for Abaqus/Standard using CAX3 elements and surface-to-surface contact.
This input file depends on selfcontact_bump_surf.inp.

selfcontact bump_xpl_cax3.inp

Jounce bumper model for Abaqus/Explicit using CAX3 elements.

selfcontact bump_xpl_cax4r.inp

Jounce bumper model for Abaqus/Explicit using CAX4R elements.

selfcontact_ bump_xpl_cax4r_shrink.inp

Jounce bumper model for Abaqus/Explicit using CAX4R elements; resolution of the initial
interference using the "shrink" fit method.

selfcontact bump_std resinter cax4r.inp
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Jounce bumper model for Abaqus/Standard using CAX4R elements to resolve the interference fit.

selfcontact_bump_std _imp_cax3.inp

Jounce bumper model for Abaqus/Standard using CAX3 elements; interference fit solution imported
from Abaqus/Standard.

selfcontact bump_xpl_imp_cax3.inp

Jounce bumper model for Abaqus/Explicit using CAX3 elements; interference fit solution imported
from Abaqus/Standard.

selfcontact bump_xpl_imp_cax4r.inp

Jounce bumper model for Abaqus/Explicit using CAX4R elements; interference fit solution imported
from Abaqus/Standard.

selfcontact bump_node_ cax3.inp

Node definitions for the bumper model with CAX3 elements.

selfcontact bump_node_ cax4r.inp

Node definitions for the bumper model with CAX4R elements.

selfcontact bump_element_cax3.inp

Element definitions for the bumper model with CAX3 elements.

selfcontact bump_element_cax4r.inp

Element definitions for the bumper model with CAX4R elements.

selfcontact_bump_surfdef cax3.inp

Surface definitions for the bumper model with CAX3 elements.

selfcontact bump_surfdef cax4r.inp

Surface definitions for the bumper model with CAX4R elements.

Figures

Figure 1. Jounce bumper initial mesh with CAX3 elements (Abaqus/Standard).
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Figure 2. Jounce bumper initial mesh with CAX4R elements (Abaqus/Explicit).
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Figure 3. Mises stresses in bumper after interference is resolved with
Abaqus/Standard automatic shrink fit option.
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Figure 4. Mises stresses in bumper after interference is resolved with Abaqus/Explicit.
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Figure 5. Bumper mesh after crushing (Abaqus/Standard; CAX3 elements).
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Figure 6. Bumper mesh after crushing (Abaqus/Explicit; CAX3 elements).
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Figure 7. Bumper mesh after crushing (Abaqus/Explicit; CAX4R elements).
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