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ABSTRACT

This paper presents the analysis of automotive windscreen wiper
vibration by experimentation and finite element method. In this study, a wiper
blade is tested for noise and vibration then a finite element model of that
wiper blade is developed and then validated. ABAQUS analysis software is
used to analyze the finite element model. The simulation is validated with the
experiment. After validation, various modifications are proposed in order to

reduce noise and vibration.
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ABSTRAK

Kertas kerja ini menunjukkan analisis getaran pengelap cermin
hadapan kereta melalui eksperimen dan kaedah unsur terhinga. Dalam kajian
ini, pangelap kereta diuji untuk bunyi dan getaran, selepas itu modal unsur
terhingga dibangunkan dan disahkan. Perisian computer analisa ABAQUS
digunakan untuk menganalisa model unsur terhingga. Simulasi tersebut
disahkan dengan eksperimen.Selepas pengesahan, beberapa pengubahsuain

dicadangkan untuk tujuan pengurangan bunyi dan getaran.
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CHAPTERI1

Introduction

1.1 Introduction

Noise and vibration reduction is an important part in improving the comfort
level in a car. As technological advancement and innovation happens, engine noise
and environment noise that can be heard in the passengers’ compartment had been
reduced quite a lot. The noise had been reduced to such a level that other noise that
had been over looked in the automotive industry has been more revealing. The noise
from the wiper system can be quite disruptive to the comfort level in the vehicle.
When the comfort level drops the driving performance can be affected as well.
(S.Goto et al, 2001) Many car manufactures are currently looking in to various
directions to curb this phenomenon. A lot of resources are poured into this matter as
comfort is what sells a car. Due to this, we are seeing in the market a set of new
generation wiper system emerging, rimless wiper is an example. Wiper blade
generates many types of unwanted noise. Thus a study needs to been done to find out
the types of noise generated by referring to the vibration produced by the wiper
blades during operation so that design changes can be done accordingly.
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1.2 Problem Statement

The problem is wiper blades generates unwanted noise that disrupts comfort
levels in a vehicle, thus without proper study of the wipers vibration and its
characteristics it’s impossible to know the design changes that must be implemented.
The second, without a simulation model which is validated with experimental results,
a design change can’t be tested unless a prototype is produced. A prototype involves

high cost, thus simulation can cut down on development cost.

1.3  Objective

In this study there are three objectives which are needed to be completed. Firstly is to
study the wiper system characteristics based on noise and vibration. Next is to
analyze noise and vibration created by wiper system using finite element method.

Lastly is to investigate the level of reversal noise that happens in wiper system

1.4  Scope of the project

The scope of this project does not involve the wiper arm and the wiper motor
of the wiper system. The experimental measurements are done using fast Fourier
transformation (FFT).The wiper system is needed to be modeled using computer
aided design (CAD) software. Then the results for both experimental and simulation

iscompared.
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1.5 Research Contribution

The created system is able to fulfill the task required. Firstly proper
experiment is done which means the experiment followed the actual conditions
without any errors. Then it is proven that the simulation produced the same results as
the experiment. After analyzing the experiment and simulation a few designs are

tested with the simulation. A new design with lesser noise and vibration is proposed

1.6 Outline of the Thesis

Chapter Two, there is a complete literature study on wiper systems, noise,
vibration and measurement techniques. The study focuses on previous research done
so that assumptions can be made correctly. Besides that the simulation model also
can be simplified so that its easier to run the simulation in the sense of reducing
simulation time and save memory usage.

Chapter Three explains thoroughly about the method used to achieve the
project objective. The methods mainly consist of experimentation and simulation.
Another part is the validation; the validation is the part where the connection
between simulation and experiment can be seen

Chapter Four presents the experimental results and the results analysis. In this
chapter it can be seen the behavior of the wiper blade in the aspect of vibration.
Different behavior at different conditions can be seen clearly.

Chapter Five is the numerical method result and the modifications proposed
to reduce noise and vibration. This is where the validation happens. When the
simulation model is found valid then it can be used for modifications and
improvement

Chapter Six provides conclusion and recommendation for future works besed

on the outcome of this research
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CHAPTER II

Literature Review

2.1 Imntroduction
In this section a complete literal study on the wiper system is done. The
wiper system and its components are described and the types of wipers which are

available are discussed. Then the noise and vibration is added to the study

emphasizing on natural frequency.

2.2  Wiper systems

Wiper System is must on all vehicles and is an important system. Wiper

system is considered one of the safety gadgets on a vehicle thus it is very important.
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Wiper system
» Frameless wiper
Types of wiper
> Whiffletree wipers
A 4
» Wiper components Refer attachment Whiffletree
Mechanism
» Wiping style
| Wiper system basic
functional requirement
Figure 2.1: Wiper System
2.2.1 Types of wiper
Types of wiper
v A4
Frameless wiper Whiffletree wipers

Figure 2.3 this is the common
Figure 2.2 this is type of wiper is found type of wiper found in most
on a few new models and widely vehicles

available on the aftermarket

Figure 2.4: Wiper blade types
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The whiffletree mechanism is a mechanism to distribute force evenly through
linkages. It consists of a bar pivoted at or near the centre, with force applied from
one direction to the pivot, and from the other direction to the tips. Several
whippletrees may be used in series to distribute the force further. Whippletrees may

be used either in compression or tension

Distributed Distributed Distributed  Distributed
TLoad Load Load Load

Load

Figure 2.5: Whippletree structure

2.2.2 Wiping style

These figures show wiping styles of
a few common passenger vehicles
such as cars, vans, mpv and also
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These wiping styles are usually
adopted by heavy vehicles such as
busses and lorries

olaflv

These figures show wiping styles

Figure 2.6: Wiping styles

used commonly by military vehicles

(www.wikipedia.org , 5™ august 2009)
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2.2.3 Wiper system basic functional requirements

Wiper system basic functional
requirements

ozone

Resistant to corrosion from acid, alkali and

Operate at temperature from -30 to 80°C

> Service life in the region of 1500

Y

Efficient removal of water and

Efficient removal of dirt

. Figure 2.7: Wiper system basic functional requirements adapted from SAE standard SAE

7903 (R)

23 Vibrations.

Without damping

Free vibrations

With damping

Wanted

Without damping

Forced vibrations

—

With damping

Vibration types

Without damping

Free vibrations

oA

N,

With damping

Unwanted

/N AN

Without damping

Forced vibrations

With damping

J

Figure 2_R: Vibration Tvnes
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2.3.1 Frequency

Frequency is the number of occurrences of a repeating event per unit time.
During the operation of the wiper, the wiper blades are designed to move along the
windshield, this would be a single degree of freedom operation but during operation
the wiper blade experience motion normal to desired motion. The motion normal to
desired motion is an unwanted motion which called vibration. The repeating

occurrence of this unwanted motion is measured as the frequency.

2.3.2 Natural Frequency

Natural frequency refers to one of frequencies which tend an object or system
to vibrate when subjected to an impact or mechanical displacement. A certain object

or system may have a few natural frequencies.

Fn=(1/2n)* (k/m)

Above is the general equation of natural frequency, where k is the stiffness value.

2.3.3 Eigenvalue

Eigenvalue is much related to vibration studies. Eigenvalue is a
representation of a vibrational frequency in mass and stiffness matrix. These
methods have been used to study various noise and vibration problem such as
disc brake sequel noise (P.liu et al, 2007). Since the wiper system is complex

thus the Abaqus is used to do the analysis.
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CHAPTER III

Research Methodology

3.1 Introduction

In this chapter is a detailed description about how the project can be
implemented to fulfill the task required is explained. Each aspect of project
implementation is discussed. The chapter begins with a description of overall
implementation process. This is followed by a description of the process along the
project. The software component used is Abaqus to analyze. The model is modified

to improve its performance.

3.2  Flow Chart
The methodology describes about the methods or steps that is going to

proceed to complete the project. Each category has own activities and procedures.

The descriptions of each activity or procedure are given below.
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Figure 3.1 Methodology flowchart
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