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Abstract

Automotive dampers involve complex flow physics that cannot be fully described by
analytical models derived from first principles. Therefore, the development of a mathe-
matical model based on semi-empirical laws that accurately describe the influence of each
of the many design features would greatly help the design and optimization of automo-
tive dampers.This thesis aims to develop a computationally efficient mathematical model
capable to predicting damper performance with reasonable accuracy.

Lumped parameter mathematical models were developed and implemented using the
MATLAB and Simulink environments.In order to solve for the structural dynamics of the
shim stack, a force method based analytical model was developed. In order to solve for
the internal flow field, fluid structure interaction simulations were necessitated due to the
inherent coupling of fluid and structural dynamics.

Fluid-Structure Interaction (FSI) simulations were attempted using an open source
setup consisting of OpenFOAM and CalculiX coupled by the preCICE coupling library.
Coupled simulations on a trial simplified geometry produced physically consistent results.
FSI simulations could not be performed on the real geometry due to lack of time and
computational resources. The discharge coefficients were modelled as a linear function on
the basis of CFD simulations perfomed on outputs from the force method model.

In order to validate the MATLAB mathematical model, experiments were carried out
on a test automotive damper on a suspension dynamometer. The model showed good
agreement in with experimental data at low bleed valve openings. The model accuracy
was observed decrease for larger bleed valve openings due to unavailability of accurate
model coefficients.
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Introduction

Automotive dampers, or shock-absorbers as they are commonly referred to as, are found
in all automobiles; from tiny three-wheeled "tuk-tuks" to purpose built race cars. From

the earliest versions of the leaf spring suspension setup used on horse-drawn carriages
in the mid-nineteenth century (C. Dixon [4]) to modern electronically controlled road-
adaptive suspension setups, dampers have been crucial in ensuring safety and comfort.
The stringency of this requirement is ever increasing with the rapid pace of development
of internal combustion engines, leading to higher attainable speeds.

Dampers that perform well put a smile on the driver's face. This statement is as valid
for a road-going average person looking to transport their family in comfort as it is to a
Formula 1 or WRC driver looking to extract all the performance their vehicle is capable
of providing. For an engineer, developing a damper optimal to a particular application is
technically challenging and equally rewarding, more so if the damper in question plays a
role in obtaining a successful result in competition.

In addition to the technical challenges, the design, development and production of
dampers is an economically lucrative business. The estimated production numbers for
automotive dampers worldwide is 50{100 million units per year with total retail value in
excess of U1 billion per annum (C. Dixon [4]). Hence, there is great value for manu-
facturers in decreasing development costs; especially considering that for the most part,
damper internals are developed and tuned "by feel" of experienced technicians and driver-
s/riders. The internal mechanism which produces the damping force is very complex and
involves a strong interaction of the damper oil and exible valves. These interactions
are di cult to be characterised experimentally. Hence, until recently, not many attempts
were made to produce simple models to mimic the complex internal uid ow. With
the recent advent of Fluid Structure Interaction (FSI) simulations, it is now possible to
investigate the complex internal phenomena without the penalty of outrageous cost or
equipment. Furthermore, automotive dampers experience a wide range of excitation ve-
locities, ranging from 1 mm/s to 1 m/s for a competition o -road vehicle. It is not feasible
to develop experimental setups to mimic such extreme velocities. Therefore, development
of simple models that can predict damper behaviour with reasonable accuracy while being
capable of running on a personal computer in a matter of minutes is hence a very welcome
tool for damper manufacturers.

In addition to predicting damper performance without the need of producing a phys-
ical part, mathematical models and numerical simulations allow the study of the basic
uid and structural dynamic phenomena that take place inside dampers. This knowl-
edge is essential for development of new and innovative valve designs. Also, quantifying

1



1.1. AUTOMOTIVE DAMPERS

parameters related to the internal phenomena allows for development of dampers for a
speci ed damping behaviour - an iterative, time consuming and costly process when done
by experimental trial and error.

The scope of a mathematical model for dampers goes beyond just the design and
development of the dampers themselves. The development of automobiles in general has
greatly bene ted from mathematical models and simulation tools. Much like the isolated
case of dampers, vehicle performance and dynamic behaviour can be determined before
designing a single part. To do so, however, requires a robust mathematical model for
damper behaviour. This problem is more prominent in recent times with autonomous
mobility considered as the future of transport. Autonomous driving is achieved using
electronic feedback control systems relying on vehicle dynamic models that need to be
computed in real-time with on-board processors. In order to develop safe autonomous
vehicles, it is necessary for the vehicle dynamics to be modelled with a high degree of
accuracy. Such a high delity vehicle dynamic model relies heavily on the delity of the
damper model itself, creating a demand for accurate but computationally minimal models
for damper dynamics.

1.1 Automotive dampers

The purpose of automotive dampers is to dissipate energy of the sprung and unsprung
masses in the vertical direction. Vertical motion in automobiles is a result of body heave,
pitch and roll and wheel hop (C. Dixon [4]). The most commonly used type of damper
in production automobiles is the passive telescopic type, owing to its simple design and
low manufacturing and maintenance costs. The telescopic damper consists of a hydraulic
cylinder containing a piston through which uid is forced to ow through restricted outlets
and valve systems, generating hydraulic resistance and consequently converting kinetic
energy into thermal energy [5]. A cut-section of a typical automotive damper is shown
below in Fig.1.1
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