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Abstract 
 

Windscreen wiper vibration problem is now becoming one of the comforts and safety concerns because it can be annoying to the driver 
and passengers and also affect concentration of the driver while driving. This paper investigate the problems by measuring the wiper 
blade contact force and vibration level on laboratory wiper experimental rig and wiper system on two different sedan passenger cars op-
erated similarly. In order to measure the vibration and contact force along the wiper blade, MMA7660 accelerometer and a thin film 
force sensor FSR was used. The contact force is measured at four points; Points 1 (inner tip), 2 (middle blade) and 3 (middle blade) and 
Point 4 (outer tip), along the wiper blade. Based on the measurement, it was found that the contact force is much higher at Points 1, Point 
2 and Point 3 compared to Point 4. For vibration level, higher vibration is occurred at Points 2 and Point 3. It can be conclude that the 
bigger the contact force value act on windscreen the bigger for the vibration level to be produce. From this founding, further research can 

be conducted and tackle the problem at certain point along the wiper blade. 
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1. Introduction 

Wiper plays a significant role for vehicles by sweeping out rain, 

fog, dirt and other contaminants that stick on the windscreen. 
Conventional wiper system consist two blades for front wiper 
system as it attached at driver and passenger’s side, a DC electric 
motor to provide power and a linkage mechanism to convert rota-
tional movement from the motor into back and forth motion of the 
wiper arms as shown in Figure-1. The arm was pivoted at one end 
with a long rubber blade attached to it. The rubber blade will 
drains the water off or to smooth the water on the surface of wind-

screen to form a thin layer of water that allows light to pass 
through it without refracting or bending to assists driver visibility 
during driving especially in raining condition. Typical wiper blade 
operate in three conditions; on the dry glass (without water), wet 
glass (lubricate by water) and tacky condition (transitory regime 
between wet and dry) [1]. Two synchronized radial type arms 
usually used in common vehicle, but there were certain commer-
cial vehicle applied one or more pantograph arm for its wiper 
system. Wiper needs maintenance and the blade must be replaced 

regularly. Streaking, jumping and uneven blade pressure on the 
windscreen was several symptoms of wiper deterioration that 
shows during its operation. 

 
Fig. 1: Wiper system operation [2] 

 
Noise and vibration reduction is a critical problem related to au-

tomotive industry especially in wiper system. The undesirable 
noise cause by vibration can annoying the driver and passengers 
and lead to wiper deterioration. Therefore, wiper noise and vibra-
tion reduction is needed for comfortable and safety purposes. Un-
fortunately, it is very often wiper blade generates vibration during 
its operation that affects the visibility of the driver and passengers 
and at the same time annoy them [3]. Noise and vibration has a 
close relationship as the vibration getting higher, the noise will 

also increase. The noise and vibration from the wiper system 
comes from two sources. First is the wiper motor (hidden part) and 
second is the wiper blade (visible part) [4]. These noises can be 
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divided into three categories which are squeal, chattering and re-
versal noise. Squeal or squeaky noise is a high frequency noise 
generated at about 1000Hz. Meanwhile, reversal noise, a mid-
frequency noise is produces at about 500Hz [5]. Lastly, the low-
frequency noise, chattering noise generated at 100Hz [6]. The 
noise that was induced by friction between windscreen and the 
wiper blade can also be classified into wiping and reversal noise 
as clarified by Zhang, L [7]. From his research, wiping noise is a 

wide frequency noise with some harmonic squeal noise and rever-
sal noise is a transient impulse noise. Glass wetness affects the 
wiping and reversal noise mainly as noise level under wet condi-
tion and half-dry condition are higher than under dry condition. 
Surprisingly, wiping speed give less effect to the noise. Vibration 
also can generated in the wiper system at certain wiping speed 
called chaotic or chatter vibration [8]. A non-uniform water film 
on the windscreen may disturb contact between the rubber blade 

and the windscreen interfaces that create vibration [9]. 
Dynamic analysis on the wiper is to enables efficiently determine 
the impact of time varying loads on the structural response of their 
product design to ensure performance, quality, and safety. Dynam-
ic analysis on the wiper blade reversal behaviour using 2-
dimensional (2D) [10] and 3-dimensional (3D) [11], wiper model 
mainly focusing on the process to simulate blade reversal behav-
iour that give an idea to reduce the reversal noise and prevent 

reversal failure. There are several forces interact on the system 
such as internal force, inertia force, the gravity and carioles force, 
motor torque, and the reaction force which each blade receives 
from the windscreen. The extension analysis from 2D to 3D model 
is to enable calculation of dynamic reaction forces in vertical and 
frictional directions at any point within wiping area. The 3D anal-
ysis simulate reversal noise behaviour more accurate compared to 
2D analysis done previously [11]. Based on experiment to clarify 
the dynamic behaviour of the wiper blade during reversal motion, 

the cross sectional model of the blade rubber shows that during 
reversal, the tip of the blade is in the rest state on the swept sur-
face for a finite time and the angle of the blade changes continu-
ously from negative to positive during the rest state of the tip [12]. 
This paper presents an experimental investigation of the contact 
force and vibration on front windscreen wiper system. These prob-
lem bring annoyance to the driver and passengers as it can affect 
comfort-ness and concentration during driving. The experiment 

used three different windscreen wiper setups. Four points along 
the wiper blade are selected as measurement point for contact 
force and vibration. Higher contact force can leads to higher vibra-
tion. The middle location of the wiper blade would produce higher 
contact than at the wiper tip since the wiper arm holds the blade at 
the centre. These experiment is to determine the critical location 
of vibration along the wiper and compare the similarity of vibra-
tion behaviour of experimental rig with wiper system on car. The 

rig will be further used for the next test. 

2. Wiper Experimental Rig 

An experimental rig was built as a platform for this experiment 
and for further analysis on the wiper system noise and vibration. 
The rig must operate same as the wiper system install in the vehi-

cle. It’s an assembly of wiper system of passenger car and in-
stalled on the fabricated steel platform. Figure-2 shows an assem-
bly of front windscreen wiper system experimental rig that is used 
in this study. The operation of the wiper is controlled by the wiper 
controller where it can provide three different speed modes: slow 
(8 rad/s), intermediate (8 rad/s and 2 seconds interval) and fast (25 
rad/s). The experimental rig is built in accordance with ISO 
9259:1991 – Passenger cars- Windscreen wiper system –Wiper 

arm to blade connection standard. 

Wiper 

Controller

Monitoring and 

Collecting Data 

Laptop

Wiper Motor

Windscreen

Wiper

Fig. 2: Wiper system experimental rig 
 
As mention earlier, in this experiment, the wiper is tested using 
three different wiper setups: i) Experimental rig, ii) car A and iii) 
car B and measured at four selected points along the rubber blade, 

Point 1, Point 4 (wiper tip), Point 2, Point 3 (middle blade), as 
shown in Figure-3. The details of windscreen wiper specification 
is shown in Table-1. By using the same type of wiper and hook, 
the differences only the windscreen angle and wiper size. 

 
Fig. 3: Sensor location for three wiper system 

 
Table 1: Wiper specifications 

 

 

 

Car 

 

Wiper 

Type 

 

Windscreen 

Angle 

 

Wiper 

Size 

(Right/Le-

ft) 

 

Hook 

Type 

Rig - 

Uni-

lever 

30° 20”/17” 

U 
Car 

A 

1500cc 

(M) 
30° 20”/17” 

Car 

B 

850cc 

(M) 
29° 18”/16” 

3. Wiper Contact Force, Noise and Vibration 

Measurement 

In order to measure contact force between wiper blade and wind-
screen, a thin layer force sensor FSR is used (see Figure-4B). A 

simple Arduino computer programme was developed and upload-
ed into Arduino micro-controller to control the force sensor and 
monitored the reading from the sensor. Figure-5 shows the inte-
gration of force measurement as the sensor is place under the wip-
er blade that stick on the windscreen. 
Vibration on the wiper system is measured by using a pair of 
MMA7660 accelerometer single axis (see Figure-4A) and the data 
was processed by ADVANTECH USB-4716: Portable Data Ac-
quisition Module. The accelerometer was attached at selected 
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points at the wiper blade as given in Figure-3. The accelerometer 
was calibrated using Kristle Type 8921 calibrator. The wiper will 
be operated at intermittent operation level and the measurement is 
conducted at dry windscreen. Sample frequency is set at 100 sec-
ond per sample. 

 
   (a)  MMA 7660 Accelerometer               (b) FSR Force Sensor 

Fig. 4: Accelerometer and force sensor used for measurement 

 

 
Fig. 5: Setup for contact force measurement. 

4. Results and Discussion 

Once finish with contact force measurement, the force data that 
were recorded is presented in term of average force acting on the 
windscreen. Figure-6 shows the comparison graph of average 
contact force at four measurement point. Based on the graph the 
contact force is much smaller at the inner and outer tip of the rub-
ber blade (Point 1 and Point 4) compared to the contact force at 
the middle of the blade (Point 2 and Point 3). At Point 1 (inner tip), 
wiper blade contact force for experimental rig and Car A almost 

the same compare to Car B with the value of 0.0175N, 0.0173N 
and 0.012N.m/A.s respectively. At Point 2 (middle), the pattern is 
different with force for Car A is much higher compare to wiper rig 
and Car B with the value of 0.024, 0.019 and 0.015N.m/A.s/ The 
contact force is higher at for wiper rig compare to Car A and Car 
B at Point 3 (middle) with the value of 0.0334, 0.0223 and 
0.0207N.m/A.s. Lastly, at Point 4 (Outer tip), a drastic reduction 
of force can be seen with the value is almost the same for the rig 

and Car A at 0.0063N.m/A.s and 0.0071N.m/A.s for Car B. So, 
the contact force for wiper experimental rig is almost the same as 
Car A and Car B at point 1, 2 and 4 but much higher compared to 
Car A and Car B at point 3. This indicate the rig produce the same 

force and can be used as wiper platform for wiper analysis in the 
future. 
The force distribution along the rubber blade is important to give a 
good wiping quality for the windscreen. There are few reasons for 
un-similarity values of contact force between three wiper system 
setups. One of the reasons is the surrounding conditions during the 
measurement was neglected. The measurement was done at differ-
ent places. For wiper experimental rig, the measurement was done 

in the room with room temperature whereas the measurement for 
Car A and Car B is taken place at parking lot with average sur-
rounding temperature is in the range of 30 – 35 degree Celsius. 
The temperature of the surrounding may affect the reading as the 
windscreen for Car A and Car B is exposed to the slightly higher 
temperature compare to windscreen for wiper experimental rig. 
The condition is neglected in this experiment because to focus on 
the similarity of range of vibration of the rig that will be used for 

the next test. There is different in the results but not significantly 
affected for the next test.  The force between rubber blade and 
windscreen is expected to be different at each point. This is be-
cause of the curvature of the windscreen. 

 
Fig. 6: Average of contact force. 

 
The MMA 7760 accelerometer take the reading for vibration from 
the wiper during operation that connected to Data Acquisition 
Module. Figure-7 shows the frequency domain comparison graph 
between three different wiper systems according to measurement 
point. Based on the graph, the magnitude of the vibration for wip-
er experimental rig produced is less compare to wiper system for 
Car A and Car B. The vibration level for Car A looks dominant in 

four measurement point. This happen because the wiper blade for 
car A is not been maintain for a quite some time. So, during the 
measurement, the wiper start to shows deterioration in perfor-
mance where streaking and jumping develop during wiping opera-
tion. 
The highest frequency level for the experimental rig wiper blade 
lies in the frequency range below 50 Hz, a low frequency noise or 
called chatter noise. The graph shows that at the tip of the wiper 

blade (Point 1 and Point 4), the tabulation of frequency level is 
less compared to the middle part (Point 2 and Point 3). This indi-
cate noise and vibration is produce much higher at middle part. 
The streaking and jumping effect usually more visible at the mid-
dle of the rubber blade. 
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Fig. 7: Frequency domain graph for noise and vibration level 

4. Conclusion 

As conclusion, the measurement of noise and vibration and con-
tact force between wiper rubber blade and windscreen was con-

ducted to analyse the similarity and detect the location of the 
higher contact force that leads to higher vibration. Based on the 
vibration measurement, the magnitude for these three wiper sys-
tem produce almost at the same range at four measurement point 
and the value for contact force along the blade is slightly different 
for these three wiper system but the range is still considerably low. 
The results shows that the middle part of wiper blade, which is 
Point 2 and Point 3, has generate much higher noise and vibration 

compared at Point 1 and Point 4. Same for the contact force where 
much higher force generate at Point 2 and Point 4. This indicate 
that higher contact force can lead to higher vibration level for 
wiper blade. For future study, an analysis can be conducted espe-
cially at the middle part of wiper blade as more force focusing on 
the middle. The effect of spring tension on the contact force of the 
wiper blade can also be investigate. 
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