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ABSTRACT

During wiping operation to wipe rain and dirt out from the windscreen, the wiper generates
unwanted noise and vibration. This may cause dissatisfaction to the automotive vehicles due
to annoying sounds and perhaps leads to poor visibility to the driver. Therefore, this paper
proposes an approach to reduce and eliminate noise and vibration in a windscreen
automotive vehicles wiper system. A two-dimensional mathematical model available in the
open literature is adopted and integrated with a proposed control scheme, i.e. input shaping.
Firstly, analysis is performed based on an original model, i.e. without input shaping in order
to determine the noise (frequency) and vibration (amplitude) levels. Comparison is also
made between the prediction results with finite element results. It is found that the
correlation is reasonably close. The next stage is to introduce the two-impulse input shaping
scheme. It is found that the input shaping could reduce certain amount of vibration level.
Finally, parametric studies are also performed to examine the effectiveness of the proposed
approach.

Keywords:Wiper system, input shaping, vibration level, noise measurement

1. INTRODUCTION

Noise and vibration have become increasingly important factors in vehicle design as a result of
the quest for increased refinement. There are various sources of noise and vibration typically
occurred in the vehicle and windscreen wiper noise is one of them. Additionally, the issue of
comfort in automotive cars has become a compulsory factor to indicate the quality of a car [1].
Wiper system is a one of the problem that can create the uncomfortable situation for the driver
and passengers. Reducing or eliminating the unwanted noise and vibration created by wiper
system becomes more important factor to provide a leading edge in the market to retail the
vehicle (Goto et al., 2001). The researches in wiper system attempt in identifying the techniques
to decrease or reduce the level of unwanted noise and vibration. The main focus of solving the
problem is improving the mechanism of the system.
The first wiper was developed in 1903 by J.H. Apjohn [2]. This inventor came out with a method
of moving two brushes up and down on a vertical glass plate. In the same year, this method was
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enhanced by Mary Anderson where the two brushes were applied on a car in which creating a
device that appears to be like a swinging arm, sweeping rain off the windshield. This augmented
method was firstly introduced in United States and in 1913 this pattern was improvised until
the pattern became a standard feature of all American cars in year 1916. In April 1911, Sloan &
Lloyd Barnes registered the first pattern of windshield wiper at Liverpool, England [3]. This first
pattern was credited by Jozef Hofmann, the world famous pianist and Mills Munitions. This
pattern is continuously improved and in 1919 William M. Folberth produced a pattern for
automatic windscreen wiper apparatus. After 3 years, this pattern was granted safe to be used.
This prototype of Folberth was recognized as the first automatic mechanism of wiper [1-3].

Late 1950s was the era of improvement for the pattern of wiper and during this time, the
improvement focused on perfecting the operation of the wiper itself. The usage of wiper for
modern vehicles has become one of the required system. The operating of the wipers had been
automated when the washer button was pressed by the driver. This is considered as a major
accomplishment as before this the operation of the wipers requires manual procedures to turn
it on. In 1969, Robert Kearns introduced the first intermittent wipers where it can operate by
using an adjustable time delay. The objective of this idea is to make it possible to select a degree
and location of wiping action when the driver needs to clean the windscreen [4].

Saab Automobile introduced headlight wipers across the product range in 1970 [3,5]. This
headlight wiper operated on a horizontal reciprocating mechanism by using a single motor. This
company concluded that every single motor can only be used at each headlamp only during an
action of wiper mechanism. In March 1970, Citroen Company introduced a rain sensitive
intermittent windscreen wiper on their models. This was an intelligent method where it only
operated during raining condition. This pattern worked in relatively dry condition; when it
dries the wiper motor grew a high current. It can defer a device to delay the next wipe for
longest time. In wet condition, the current was decreased and thus minimizing the delay time,
consequently shorten the time taken to wipe [1,4].

Wiper system has become a necessity equipment in the vehicle but it has a potential to generate
unwanted noise and vibration. The noise and vibration of wiper system can be classified into
three parts. Squeal or squeaky noise can occur at high frequency range which is up to 1000 Hz,
chattering or beep noise occurs at low frequency range of 100 Hz or less and finally reversal
noise for frequency range between 100 to 500 Hz. All these types of noise have a potential to
cause visual and audible annoyance to driver and passengers during raining condition [6-11].

Various approaches have been actively used to investigate the noise and vibration of the
windscreen wiper system which include analytical, numerical and experimental approaches.
Okura et.al developed a 2D and 3D mathematical models to investigate blade reversal noise in a
wiper system [1,12]. By simulating the models in various conditions, it was found that the
reaction force of the wiper blade could be reduced by using a small neck angle or a large neck
rotational spring. Furthermore, the study also showed that the arm head twist angle could
prevent blade lift during high speed operation.

Contact pressure distribution of the wiper blade using numerical and experimental approaches
had been studied by Granouillat and Leblanc [4]. It was found that the predicted contact
pressure for various arm loads were very close to the measured data. It can be observed that the
higher the arm force produced higher contact pressure along the blade. Goto et.al studied wiper
blade squeal noise by using experimental approach [6, 13-14]. Finite element model was
developed and the predicted results were used to deduce the equation of motions. The derived
equations were then used to identify which parameters were sensitive to squeal noise. They
found that damping, friction, surface treatment, neck thickness were the parameters that could
reduce squeal noise. In another study they proposed the material and design aspects that could
help to reduce squeal noise [15]. Apart from modifying wiper material and design, Chang with
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Chang and Stallaert proposed dither control to suppress squeal noise in the windscreen wiper.
They found that, through experimental results, wiper squeal can effectively be suppressed by
the dither control [8-9, 16-17].

In addition, PSV Wipers Ltd company based in England have developed a grade military specific
wipers blades specifically for flat armoured glass. The range of military vehicle equipment
around the world consists of high quality extremely robust of wiper system including blades,
arm, linkages equipment, control system and many more. It is very important to solve because
military vehicle used for defence and national strategy.

This study developed the modelling estimation and prediction on wiper blade. Then, the
governing equation of motion for wiper blade was modelled and the baseline results on
vibration response was examined, and verified by using finite element method. Vibration
control scheme namely input shaping was implemented into the governing equation, and finally
the baseline results had improved in vibration amplitude. At the end of the study, parametric
analysis study was taken into the account with current governing equation. Based on the study,
the level of unwanted noise and vibration in wiper blade system was slightly decreased, by
comparing the results from the baseline.

2. MATERIAL ANDMETHODS

2.1 Modelling and Prediction Preparations

In order to simulate the various dynamic characteristics of a automotive vehicles wiper system,
modelling estimation and prediction on wiper blade model which includes a complete 2D model
is developed [1]. There are five rubber conditions in this model and non-contact are shown in
Table 1.

Table 1 Rubber condition [1]

In this study, the AC blade condition where non-contact condition between the rubber
shoulders with the rubber head and stick condition between the blade lips on the windshield of

Condition C
Stick condition

between the blade
lips on the
windshield

D
Slip condition

Variable

A
Non-contact between the
rubber shoulder and the

rubber head

aAy ,

B
Non-contact condition

cAy ,

JUMP
A jump condition between
the rubber blade and

windshield

Ay
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automotive vehicles wiper system was chosen. Figure 1 shows the 2D spring-mass model for
arm and blade wiper system.

Figure 1. The 2D spring-mass model for wiper system [1]

According to the AC condition, the force is acting at the y-direction. The centre of the rotation
located at point rM and the length of rubber is denoted by l with the equation can be
expressed as (Okura et al., 2000; Goto et al., 2001)

cb
a ll
l

l 
2

(1)

The reaction force, P is occurred by the deformation of rubber blade, c and the equation can
be represented as

cc
aa k
l

kP 
 (2)

The relationship between reaction force, P force at x-direction, xF and force at y-direction, yF
can be written as

PFF yx   sincos (3)

where Fa  

Equation (3) is homogeneous, where some assumptions are made; (i) the arm is twisted as a
rigid body motion, and (ii) condition D is without mass and slippery without friction, and does
not leave the horizontal plane of the top arm. The origin for x-direction is located at Ay and My .
Point M is 0 cA  and 0Ax . For y-direction, the origin is located at Cy and Ey . Since the
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spring constant for 00 F , it becomes automated to control the constant parameter. By
operating in full swing, the system becomes unbalanced. The origin point of H and F as in
balance parameters can be defined as an initial position at 0t . Finally, an equilibrium
condition occurred when 0 ca  .

Initial reaction forces for 0xF and 0yF can be expressed as

HxHy FFF  sincos 000  (4)

and

FyFx FF  sincos0 00  (5)

These two equations are solved and finally the equations are expressed as

 HFHF

F
x

F
F




sinsincoscos
sin 0

0 


 (6)

Reaction force acting at x- and y-direction can be written as

  00 cos
sin

FF
FH

F
x 





 (7)

and

  00 cos
cos FF

FH

F
y 




 (8)

Force acting at the x-direction is not equal to zero, 00 xF when 0F . The summation of
force in this direction can be written as

    0tantan 0  xBHAAxBHAAxAx Fxyxkxyxcxm   (9)

And the summation of force in y-direction is

       0tantantan 0  yHBHAAxBHAAxCAyAy Fxyxkxyxcyycym   (10)

where  MAyyy yykFF 0

The condition of Ax and My can be derived as

bxx CA  , bxx CA
  , bxx CA

 

and

hyy CM  hyy CM
  , hyy CM

 
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The condition and dependence of a and c , b and h in a condition of A based on Table 1 can
give a nonlinear equation as follows

















 




 cossin alb






















  







 sincos11 a
alb 


















































  














 cossin21.sincos11 2 a
a

a
a llb 

and
















 



 sincos alh






















  







 cossin11 a
alh 


















































  














 sincos21cossin11 2 a
a

a
a llh 

At B condition, the involved equations are

 sincos lb c  ,  coscb   ,  coscb  

and

 cossin lh c  ,  sinch   ,  sinch  

The G can be expressed as an explicit function of Ax , G and it follows by

AGG x   (11)

where

A

G
G dx

d
 

By applying the distance between windshield and rubber contact surface, eh the equation can
be expressed as

 sinGe lh 

and
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  cossin aGAGe xlh   (12)

The general equation of advanced analytical model at rubber contact surface can be written as

AGA
A

E
E xx

dx
dyy  








 (13)

Then, the general equation for distance between windshield and rubber contact surface are

 sinGEC lyy 

and

   cossin'
aGAGGeEC lxlhyy   (14)

For AC condition, the derivation of 2D advanced mathematical model is described. Firstly, the
initial position of arm and blade is referred from Figure 1, the equation in x-direction can be
written as

    0tantan 0  xBHAAxBHAAxAx Fxyxkxyxcxm   (15)

By taking a condition of Ax and substitute into Eq. (15), the new equation can be described as

        0tantan 0  xBHACxBHACxCx Fxybxkxybxcbxm   (16)

By using the equation of reaction forces and the substituting it into Eq. (16), the equation
become

          Fxybxkxybxcbxm
FH

F
BHACxBHACxCx 






cos

sin
tantan  (17)

For y-direction, the equation can be written as






















 






















  














 cossin21sincos11 2 a
a

a
aA lx  (18)

Based on condition at My , h and cy the Eq. (18) can be simplified as a

















 FGF

a
GEM lyy 




 sincossincos 0 (19)

According to relationship x- and y-direction reaction forces, Eq. (19) can be expanded as

   4321cos
1 AAAAAAAAFx 


(20)

where




sin1 y
aa k
l

k
AA 
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lyyAA EA 2

F
a

GAA 



 cossincos3 









and

sin04 yFAA 

At 00 xF and 0F , Eq. (20) is become

      0sinsintancos...

...cossin21coscos11cos

065

2



























 
























 





















yEAyBHAAx

aaa
ax

a
ax

FAAlyykAAxyxc

l
k

lmlm





(21)

where

 BHAAx xyxkAA  tan5

and

FGF
a

GAA 



 sincossincos 06 









By taking a condition of Ax and substitute into Eq. (21), the equation can be simplified to

     0tantantan...

...sincossin 0






















BHAAxBHAAxH

FGF
a

GEAAyAy

xyxkxyxc

lyyycym













(22)

where
















 



 cossin a
CA lxx (23)

and
























  







 sincos11 a
aA lx  (24)

By integrating Eqs. (22), (23) and (24), the adopt variables are  aaa   ,, and  aaa yyy  ,,
which are the constant values. All equations for y-direction can be simplified as
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      

0tan...

...tantan

0 



yH

BHAAxBHAAxCAyAy

F

xyxkxyxcyycym



 
(25)

where MA yy  is the neck rotation centre position for free length of spring and yk is a spring
constant at y-direction.
Then,

  00 cos
cos

FF
FH

F
y 




 (26)

where F is the arm front twist angle, H is arm head twist angle and 0F is arm pressure.

By simplifying Eqs. (25) and (26), the equation becomes
















  FGF
a

GEM lyy 



 sincossincos 0 (27)

where AGE xy  which, G is a windshield glass profile and Ax is a horizontal displacement
at yk .

Then, horizontal displacement equation can be written as
















 



 cossin a
CA lxx (28)

where Fa   which, a is rotational angle of rubber neck and F is arm front twist angle,
particularly.

Then, ac kkl 2 and 0Cx . Vertical displacement of rubber blade can be obtained as a

   cossin aGAaGeEC lxlhyy   (29)

where


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
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



  







 sincos11 a
aA lx 

Finally, 2-D advanced mathematical model for y-direction can be expressed as

      

0...

...tantan

0

7





yy

HBHAAxxCAyAy

FF

xyxkAAcyycym 

(30)

where
BHAA xyxAA   tan7
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By simplifying Eq. (29), it is become

       

  0...

....cossin

1312

111098
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AAAA

AAAAkAAAAclxlycym xxaGAGGAyAy  

(31)

where
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cos FyykAA
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  013 cos
cos FAA
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Finally, 2-D advanced mathematical for x-direction can be expressed as

          00 cos
sintantan FFxybxkxybxcbxm

FH

F
xBHAcxBHAcxcx 







  (32)

Finally, Eqs (30) and (32) are used to simulate the baseline noise and vibration level of the
automotive wiper before implementing the control scheme.

2.2 Input Shaping Stratey

Input shaping (IS) vibration control scheme involves convolving desired command in order to
develop impulse sequence. It is also known as an input shaper because it produces the shaped
system as an input. The main objective of using IS is to calculate the eliminated vibrations at
certain amplitude, time location and desire frequency [15, 18-20]. This IS can be made
insensitive to make a variation in a resonant frequency. It is more effective to minimize
vibration in flexible systems such as automotive vehicles wiper system, that the frequency shifts
during moves such as moving component in vehicle. The vibratory system of any order can be
modelled as s superposition of second order systems [17,21]. The transfer function can be
written as

  22

2

2 nn

n

ss
sG





 (33)

where n is natural frequency and  is damping ratio of the system.
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The impulse response can be represented as

     
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0
2

2
1sin

1
0 tteAty n
ttn n 



  (34)

where A is an amplitude and 0t is time of the impulse.

The response of impulses can be represented by the superposition of the impulse response. For
N impulse with 21   nd can be expressed as

     tMty dsin (35)
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where iA is a magnitude and it is a time, respectively.

Then, it is occurred by the impulse response. The residual single mode amplitude of the
vibration is based on the impulse response and it can be evaluating at time of the last impulse,
Nt . In equation, it can be written as

2
2

2
1 VVV  (36)

where
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In order to achieve zero vibration after applying the input, it is required that both 1V and 2V in
Eq. (36) are directly equal to zero. To ensure that the shaped command input can give the same
value of the rigid body motion such as an unshaped command, the summation of the amplitude
of impulse must be unity. To avoid delay, first impulse is zero bases on time and value of 1V and

2V also set to zero. Thus,





N

i
iA

1

1 (38)

And it yields four impulse response sequences with parameters as a

01 t ,
d

t



2 ,
d

t

2

3  ,
d

t

3

4  (39)

The amplitude equation can be expressed as
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where

21 






e

K

Higher vibration response can be solved when an impulse sequence for each vibration mode is
designed independently.

2.2.1. Two Impulse

Two impulse sequence input shaper is used to achieve the zero vibration (ZV) after input has
reached at the end point, which means it is required that both 1V and 2V are independently
equal to zero. To ensure the shaped of command input produce the same rigid body motion, it is
required to make a summation for a value of amplitude become unity. It is taking a bit of time to
complete and produce a delay [22].

First impulse is selected at time 01 t to avoid the response delay. The value of 1V and 2V must
be set to zero and satisfying Eq. (38) and finally solved a two impulse sequence as shown in
Figure 2.
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Figure 2. Two impulse sequence.

2.2.2. Three Impulse

Three impulse sequence is used to generate the robustness of the input shaper to make an error
in natural frequencies itself. It can be increased by setting the residual mode amplitude to

0
nd

dV


(41)

By setting the derivative to zero, the system is equivalent to produce small changes in vibration
correspond to a natural frequency changes [22]. By using Eq. (36), then it can be simplified by
Singer and represented by Eq. (37). The three impulse sequence finally can be represented in
Figure 3.

Figure 3. Three impulse sequence.

2.2.3. Four Impulse

By using four impulse sequence in input shaper, the robustness is slightly increased by solving
the second derivative of the impulse response shown in Eq. (33). The higher vibration mode of
nonlinear system can be handling easily by using this sequence. Impulse sequence for each
vibration modes is independently designed. It can be used together such as a form of impulse
sequence which is attenuated the vibration at higher modes [22].

For nonlinear system, higher vibration amplitude can be reduced by accomplishing the system
with four impulses. Figure 4 shows the four impulse sequence schematic diagram for input
shaper.
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1t 2t
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2A

1t 2t
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3t
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Figure 4. Four impulse sequence.

3. RESULTS AND DISCUSSION

3.1. Baseline Prediction Model

In this study, input data are required to simulate the 2D mathematical model. Step input
represents the source data into to the system during operation. The time range is approximate
to 20 s and the velocity range is between -0.25 to 0.25 m/s, where it represents the up and
down velocity. Figure 5 shows the step input applied in this study.
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Figure 5. Step input.

The result represents in time, frequency and stick-slip condition. Time and frequency domain
represent the variety of unwanted noise and vibration. The maximum rates of unwanted noise
are 4.3 m/s2 and 1.5 m/s2 for x- and y-direction, respectively. In frequency domain, the highest
frequency is recorded at 0.02 m.m/Hz which is located at 92.72 Hz and shows the unwanted
vibration occurred at x-direction. For y-direction, the unwanted vibration occurred at 4.2 x 10-3
m.m/Hz and located at 128.2 Hz. All of the results have been shown in Figure 6.
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The stick-slip conditions signify the behaviour of the rubber blade contact with windscreen and
only happen at x-direction. This condition occurred due to contact stress and strains were
obtained the rubber blade during the operation. It greatly affects the residual stress and
residual shear strain within a thin layer of the material near to the contact surface of
windscreen. Residual stress in this direction is not significantly influenced by y-direction. The
pattern of the stick-slip results is slightly equivalent in step input diagram because the effect
condition is proportional to the input. The different shape is happened at point -0.2 and -0.2 mm
where the shape is alike as sinusoidal shape and shows in Figure 7.

The jump condition only occurred at y-direction. It is happened due to the extraneous objects
which have been attached in rubber blade. This extraneous exists in the edge of the rubber
blade. It can adopt the potential effect to produce the jump condition. In the other hands, it is
occurred where the wiper blade does not have the capability of moving efficiently across the
windscreen surface. It can create a noisy sound and bounces, consequently, causing discomfort
to driver and passengers. The result shows in Figure 8.
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Figure 6. Results of unwanted noise and vibration for x- and y-direction
(a) time domain at x-direction, (b) frequency domain at x-direction, (c) time domain at y-direction and (d)

frequency domain at y-direction.
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Figure 7. Stick-slip condition.
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Figure 8. Jump condition.

3.2. Verification with Finite Element Models

Finite Element Method (FEM) is another method used for investigation of unwanted noise and
vibration in wiper system. The verification of 2D mathematical model with FEM is necessary
before making further analysis. The FEM results were adopted from Awang and shown in Figure
9 [18]. Then, verification results between baseline and FEM was made and shown in Figure 10.

(a) (b)

Figure 9. Finite element results (a) x-direction and (b) y-direction.

(a) (b)

Figure 10. Verification results (a) x-direction and (b) y-direction.

Baseline FEM Baseline FEM
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3.3. Prediction Results using Input Shaping Strategy

In Figure 11, the step input with and without implementation of IS scheme. Shape of the graph
changed after applying the IS. This scheme moves a bit from the time shaped in initial shaped
produced by the step input. The desired period of step input is to be as small as possible as at
delays time between one complete cycles of input. Time delay can produce low frequency of
step input and can affect the response of wiper system. The advantages of IS scheme, it is a feed
forward control method and has a potential to reduce vibration in flexible structure [23-26]. IS
scheme being a method in which creates a command signal to cancel out the unwanted
vibration amplitude and it is called as self-turning technique. By using this self-turning, the
vibration at first part of the system is cancel out by second part of the command.

For x- and y-directions, the comparison result is shown in Table 2. The result indicates that IS
scheme has given better improvement in reducing the range of noise and vibration for both
directions.
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Figure 11. Step input with and without implementation of IS strategy.

Table 2 Comparison for x- and y-direction with and without implementation of input shaping strategies

x-direction y-direction
Noise:
Without input shaping
With input shaping

4.3 m/s2
3.7 m/s2

1.5 m/s2
1.3 m/s2

Vibration:
Without input shaping
With input shaping

0.02 m.m/Hz
0.015 m.m/Hz

4.2 x 10-3m.m/Hz
2.7 x 10-3m.m/Hz

Stick-Slip:
Without input shaping
With input shaping

No time delay
Time delay

None
None

Jump:
Without input shaping
With input shaping

None
None

24.77 s
24.67
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3.4. Parametric Evaluation

The selection of parameter is entirely difficult because the selection is somewhat arbitrary. The
selected parameters are force, friction and contact angle. The initial values of these parameters
are 8.3 N, 0.3 and 16 deg. These initial values then modified by using try and error method to
reduce the unwanted noise and vibration in wiper system. The range of the modification values
are between 1.3 to 10.5 N, 0.11 to 0.56 and 9 to 18.5 deg. This range is based on the minimum
and maximum values for wiper system during the operation. For force parameter, the sample
results are shown in Figures 12 and 13 for both x- and y-direction. The effectiveness values to
reduce unwanted noise are 4.7, 5.8 and 10.5 N and unwanted vibration is increased when
applied the same value.

For friction, there are four values that been chosen and believe can reduce the unwanted noise
but unfortunately it slightly increased the unwanted vibration level. The values are 0.17, 0.26,
0.42 and 0.56. The sample results for both directions are shown in Figures 14 and 15.

In contact angle analysis, the effectiveness range is between 9.4 to 18.5 deg. The results are
shown in Figures 16 and 17 for both x- and y-direction, respectively.

(a) (b)

Figure 12. Results for unwanted noise by applying force parameter
(a) x- and (b) y-direction.

(a) (b)

Figure 13. Results for unwanted vibration by applying force parameter
(a) x- and (b) y-direction.
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(a) (b)

Figure 14. Results for unwanted noise scheme by applying friction parameter
(a) x- and (b) y-direction.

(a) (b)

Figure 15. Results for unwanted vibration by applying friction parameter
(a) x- and (b) y-direction.

(a) (b)

Figure 16. Results for unwanted noise by applying contact angle parameter
(a) x- and (b) y-direction.
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(a) (b)

Figure 17. Results for unwanted vibration by applying contact angle parameter
(a) x- and (b) y-direction.

Based on the results given, these three parameters have an agreement to reduce unwanted
noise and vibration in wiper system.

4. CONCLUSION

This study modelled the governing equation of wiper blade system. Noise and vibration
response of the wiper blade in the vertical (y-direction) and longitudinal (x-axis) were
monitored. Input shaping vibration control scheme was applied to enhance the level of
unwanted noise and vibration generated by the wiper blade system, and the results were
compared with the baseline results, which did not have any control scheme applied to the wiper
blade system. Additionally, parameter studies were also involved to monitor the unwanted
noise and vibration level. Several number of parameters such as force, friction and contact angle
had been chosen, and finally, the level of unwanted noise and vibration was successfully
reduced. This approach can be used as prediction tool that was limited to linear model.
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