
Student assignments and internships w.r.t. the CONTACT software

1 The company

VORtech is a Delft-based engineering company, specialized in development of high quality
computational and simulation software. This software is used in areas such as water mana-
gement, process industry, geophysics, air pollution, traffic and climate models. The company
was founded in 1996 and curently holds 18 employees.

2 The application area

Frictional contact mechanics is about the detailed forces and deformations that occur bet-
ween two objects that are pressed together and perform a rolling motion. Techologically
important examples are the the interaction between railway wheels and rails and between
different rollers in printers and copiers. Questions that
are addressed concern for instance

• the risk of derailment of trains, ride quality,

• analysis of wheel and rail wear, as function of the
wheel and rail geometry,

• in the case of printing devices: image quality and
paper feed problems.

The CONTACT software is designed to analyze such problems in great detail. CONTACT was
developed by Prof. Kalker of TU Delft and is considered one of the world’s best methodologies
in the field. VORtech acquired the software from TU Delft in 2000 and is now actively making
extensions and applications for the railway business.

3 The technology

CONTACT is based on mechanics principles, particularly the laws of 3D elastostatics. These
describe the relation between forces exerted on the bodies’ exteriors and the deformations and
stresses that occur inside of them. Using a Boundary Element Method, the problem is to find
the distributed force acting on the exteriors such that the contact conditions are satisfied:

• in the contact area there’s no distance between the bodies,

• outside the contact area the bodies exert no force on each other,

• the tangential force cannot exceed the maximum friction force,

• where the tangential force is less than the maximum, the bodies surfaces stick together,

• if sliding occurs then the the tangential force is on the maximum and opposes the sliding
motion.



This leads to two system of equations and constraints:

1. the normal contact problem, that describes the pressures and
where the contact is located,

2. the tangential problem, that describes the frictional forces
and where sticking and slipping occurs.
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These systems use a dense coefficient matrix with a nice, regular structure. Particularly for
the normal problem this structure allows fast computations using the Fast Fourier Transform
algorithm.

4 The assignments

Various topics are of interest for the further development of CONTACT, and can be taken on
as an assignment for bachelor or master’s theses or in an internship at VORtech.

1. Speed-up using the Graphics Processing Unit. Questions to be answered are how
much faster the normal contact problem can be solved using the GPU, and how this
should be implemented. This is a computer science topic suitable for a bachelor thesis.

2. Effects of plastic deformation. Such high pressures occur in wheel-rail contact
that plastic deformation must occur. A first assessment of this can be obtained by
calculations with existing finite element packages. This is a topic related to mechanical
engineering or material science, suitable for a bachelor or master’s thesis.

3. Smart solvers. There are ideas for improved solvers for specific circumstances: to raise
or lower the wheel in order to obtain a prescribed total force, and to solve equations for
material in which damping occurs. For this the SYMMLQ and IDR methods can be
implemented, in a bachelor assignment or an internship by a student with an applied
mathematics background.

4. Preconditioned Conjugate Gradients. Further speed-up of the software can be
achieved by preconditioning. An idea for doing so is by creating an approximate inverse
using the Fast Fourier Transform. This can be worked out by a master student in
applied mathematics.

5. More advanced friction formulas. Measurements often show variation of the coeffi-
cient of friction with the sliding velocity. To implement this in CONTACT complicates
the equations to be solved, makes these stronger non-linear. This can be investigated
by a master student in applied mathematics.

6. Rolling resistance of a shopping cart. This involves setting up the appropriate
model equations for the wheel motions and using CONTACT to get the forces that are
involved. This can be done by a bachelor student with a mechanical engineering or
applied mathematics background.

For information contact dr. Edwin Vollebregt, edwin.vollebregt@vortech.nl.


