
1 
 

Republic of Iraq 

Ministry of Higher Education  

and Scientific Research  

University of Al-Qadisiyah  

College of Engineering 

 

 

 DESIGN AND 

IMPLEMENTATION OF 

RECONFIGURABLE 

FOUR-BAR 

MECHANISMS 

A Report 

Submitted to the Mechanical Engineering Department / University of Al-

Qadisiyah in Partial Fulfillment for the Requirements of the Bachelor 

Degree in Mechanical Engineering 
 

 By  
 Haider Ali Hussap, Ali Salam,  

and  

Zahraa Abd Al-Rasool 

 

SUPERVISOR 

Dr. Essam L. Esmail 
2017-2018 

 



2 
 

 

 

 

 

 

 

 

 بسم هللا الرحمن الرحيم
 

َيْرَفِع اللَُّه الَِّذيَن آَمُنوا ِمنُكْم '" 
َوالَِّذيَن ُأوُتوا اْلِعْلَم َدَرَجاٍت 

 "  َواللَُّه ِبَما َتْعَمُلوَن َخِبير  
 
 

 صدق هللا العلي العظيم
  11سورة المجادلة اآلية رْقم                                              

 

 



3 
 

 اإلهداء
العراق     وطني                                         ....   الحياة كبد فلذة إلى  

   

الهداية  طريق إلى من أتشرف بحمل اسمه وأفتخر باالنتماء إليه إلى

 يسقينا لكي ساعديه َكل   من إلى....  والشموخ اإلباء موئل إلى والحكمة

        .... الكبير القلب إلى الكرامة بحر إلى....  سعادة ولحظة حب قطرة

  (هللا أدامه) العزيز والدي                       

 إليها ألوذ التي الحياة بسمة إلى الشفاء وبلسم الحب رمز إلى....  جنتي إلى

 إلي   تبعث أنفاسا   رياحينها عطر من فأستمد موحشة دنياي أصبحت كلما

....                                                                                                البياض الناصع القلب إلى .... جديد من األمل

                إلى معدن الصبر التي زرعت في نفسي األمل واألمنيات ...

 (هللا رعاها) والدتي الحبيبة                                

 أُخوتي وأَخواتي..  إلى الينابيع الصافية التي سقتني الحب والحنان

إلى أحبتي الذين إلى كل من أضاء شمعة عند كل منعطف مظلم في طريقي 

 .والحنان  والصدق .. واالحترامإياهم المحبة والوفاء  جمعتني و

 

 هؤالء أهدي بحثي هذا. إلى كل
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 شكر وتقدير
الحمُد هلل رِب العالميْن والصالة والسالم على أشرِف خلقِه محمد 

 والِه الطيبين الطاهرين. وبعد ...

فبعد توفيق العلي القدير بإنجاز هذا المشروع أتقدم ببالغ الشكر 

 والتقدير مشفوعا باالمتنان ألستاذي الفاضل..

 اسماعيل لعيبيا عصامالدكتور 

لما بذله من جهٍد ومتابعة طيلة فترة البحث فقد لمست به الصدر 

 الرحب والقلب المحب الذي أزال كل عقبٍة كانت في طريق العمل.

وأتقدم بشكري واعتزازي وتقديري الى أساتذتي وزمالئي في قسم 

 الميكانيك/ كلية الهندسة متمنياً لهم جميعا التوفيق والنجاح..

وحدة الورش والمعامل لما  واعتزازي وتقديري الىوأتقدم بشكري 

 أبدوه لنا من تسهيالت في الجانب العملي....

يد العون والمساعدة في إنجاح  لي   وأخيرا أتقدم بشكري لكل من مد  

 مشروعي هذا.

 

 

 حيدر
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ABSTRACT 

 
An important part of the windscreen wiper system is the four-bar linkage. 

The objective of this project is to study the characteristics of the four-bar 

linkage. A number of laboratory devices have been manufactured and 

tested for use in the training of students in mechanical engineering 

laboratories. Also, a manual wiper system has been converted into an 

automatic system. An Arduino micro controller is used with a rain sensor 

to estimate the rain intensity and to operate the wipers motor at the 

appropriate speed in an experimental setup and in a Honda car.. 

 

 

 

Keywords: Arduion Uno, Approximate Straight Line Mechanisms, Four-

Bar Linkage, fuzzy-logic, rain sensor  
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The windshield wiper system, shown in Fig. 1, is used to remove dew 

drops or raindrops during bad weather to improve visibility of drivers [1]. 

It is known that when vehicles become faster, drivers should focus more 

on road conditions. The driver's preoccupation with running a manual 

wiper when the rain falls may be a reason to reduce his attention to road 

conditions. Due to the faster nowadays traffic, a small fraction of 

inattention can lead to severe accidents. Therefore, it becomes necessary 

to rid vehicles drivers of manual tasks that can be automated. Automation 

of windshield wiper systems reduce the factors that distract attention and 

can significantly increase drivers focusing on road and reduce accidents 

in foul weather conditions. 

 
 

Figure 1 Windshield wiper system. 

Many attempts have been made to automate windshield wiper systems 

but none have been widely adopted in modern vehicles [2-5]. The one 
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successful attempt was that which uses optical rain sensor [6]. A wiper 

system with optical sensor was recently implemented in vehicles 

manufactured by General Motors [7]. One reason for the uncommon use 

of automated wipers is that they are expensive and unreliable [7]. The 

other reason is that cars sold in different countries are exposed to 

different conditions of rain so that they need different systems to control 

the wipers. Thus, there is a need to design programmable systems, which 

can be adapted to rainfall conditions in the country where the vehicle is 

used. The use of a separate programmable system is also useful in 

converting previous ordinary systems to automatic systems.  

Although many car manufacturers are currently developing automatic 

windscreen wipers, their design details remain unknown to competitors 

and researchers.  

An important part of the windscreen wiper system is the four-bar linkage. 

The objective of this project is to study the characteristics of the four-bar 

linkage. A number of laboratory devices have been manufactured and 

tested for use in the training of students in mechanical engineering 

laboratories. Also, a manual wiper system has been converted into an 

automatic system. An Arduino micro controller is used with a rain sensor 

to estimate the rain intensity and to operate the wipers motor at the 

appropriate speed in an experimental setup. 
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THE FOUR-BAR MECHANISM 

The mechanism for an automotive wiper is a four-bar mechanism. A four-

bar linkage is a combination of four links connected by four pin joints. 

One of the four links is assigned as the frame link [8]. An experimental 

setup for the four-bar mechanism is shown in Figure 2.  

 
Figure 2 An experimental setup for the four-bar mechanism. 

 

The degree of freedom: 

The degree of freedom of any mechanism is the number of independent 

variables which are required to completely define all the positions in a 

mechanism.  

 

Gruebler’s Equation 

The degree of freedom of any real mechanism can be calculated through 

Gruebler’s equation [8] :  
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 M=3(L-1)-2J                                          (1) 

Where:     M = degree of freedom or mobility 

                 L = number of links 

                 J = number of joints 

The mobility of a four-bar mechanism consists of the following: L=J=4. 

Therefore, M=1, i.e. it has one degree of freedom. Because the four-bar 

mechanism of the wiper system, shown in Figure 1, has one degree of 

freedom, it is fully operated by a single DC electric motor. 

 

Grashof Condition: 

Grashof’s theorem states that a four-bar mechanism has at least one 

revolving link if:  

s + l ≤ p + q                                       (2) 

Conversely, the three non-fixed links will merely rock if: 

s + l > p + q                                       (3) 

 where:       s  = length of the shortest link 

                   l  = length of the longest link 

                   p = length of one of the intermediate length links 

                  q = length of the other intermediate length links.  

Table 1 shows the Categories of the four-bar Mechanism, while Fig. 

3shows them schematically.  
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Table 1 The five categories of the four-bar mechanism[8]. 

 

 

Figure 3 The five categories of the four-bar mechanism [8]. 

 

Dead Point Angles 

When the crank link becomes aligned with the coupler link, a torque 

applied to the coupler link on the other side, cannot induce rotation in the 

rocker link. This link is said to be at a dead point. 
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Figure 4 Dead points 

The Ratio 𝐭𝐟 𝐭𝐛⁄  

 

Figure 5 The angles φ0, ψ0, and α. 

From Figs. (4) and (5) 

φ0 = φmax − φmin                                      (4) 

α = φ0 − 180ᴼ                                         (5) 

ψ0 = ψmax − ψmin                                      (6) 

But 
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𝑡𝑓 = 𝜑
0
                                               (7) 

𝑡𝑏 = 360 − 𝜑
0
                                        (8) 

𝑡𝑓

𝑡𝑏
=

180+𝛼

180−𝛼
                                            (9) 

Transmission Angle 

 

Figure 6 The Inner and outer transmission angles μinner and μouter. 

𝜇𝑖𝑛𝑛𝑒𝑟,   𝑜𝑢𝑡𝑒𝑟 = cos−1 𝑏2+𝑐2−(𝑑∓𝑎)2

2𝑏𝑐
                      (10) 

When the transmission angle approaches π /2, the torque transmitted to 

the output link is maximum. As the transmission angle decreases the 

torque on the output link decreases. For this reason, μinner shall be 

greater than 40o. 
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A very common usage of four-bar linkages is to generate approximate 

straight lines. Watt's straight-line mechanism is the first patented 

application in 1784. It is a triple-rocker linkage which is still used in 

automobile suspension systems. Figure 7 shows the Watt’s linkage that is 

used  to guide the rear axle of the suspension system in a straight line. 

 

 
Figure 7 Watt’s linkage used  in the rear axle of the automobile 

suspension system. 

 

The most common approximate straight line mechanisms are: 

1. Roberts Mechanism 

2. Chebyshev linkage 

3. Watt's linkage 

4. Hoeken linkage  

Only the first two mechanisms will be discussed in detail. 

 

https://en.wikipedia.org/wiki/Roberts_Mechanism
https://en.wikipedia.org/wiki/Chebyshev_linkage
https://en.wikipedia.org/wiki/Watt%27s_linkage
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Roberts Mechanism 

It converts a rotational motion to approximate straight-line motion. 

Roberts mechanism can be classified as Grashof rocker-rocker 

symmetrical four bar mechanism.  

 

Figure 8 Experimental setup for Roberts Mechanism. 

Chebyshev linkage 

It is a four-bar mechanism that converts rotational motion into an 

approximate straight-line motion. 

 

Figure 9 Experimental setup for Chebyshev Mechanism. 

https://en.wikipedia.org/wiki/Chebyshev_linkage
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Point P is in the middle of the shortest link s. The relations between the 

links are  

𝑙: 𝑝(𝑜𝑟𝑞): 𝑠 = 5: 4: 2 

 

This ratio ensures that the shortest link s lies vertically at the end of the 

extreme straight line. The lengths are related as shown in the Figure 10. 

Mathematically, we can write: 

 

 

Figure 10 The shortest link lies vertically at the end of the extreme 

straight line. 

 

Using the theory of Pythagoras, we get : 

 

l2 = p2 + (l − s)2                                   (11) 

 

After simplifying, we obtain 

l = s + √l2 − p2                                  (12) 

 

To compute the motion of  the points A and B, refer to Figure 11. 
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xA = l cos φ1                                                          (13) 

yA = l sin φ1                                                          (14) 

xB = p − l cos φ2                                                  (15) 

yB = l sin φ2                                                          (16) 

 

Where φ1 and φ2 are the input and output angles for links l. 

 

 

Figure 11 The position of  points A and B. 

 

Point p is halfway between points A and B and 𝑥𝒑 and 𝑦𝒑 can be written 

as  : 

xp =
xA+xB

2
                                                          (17) 

 

yp =
yA+yB

2
                                                          (18) 
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CONCEPTUAL DESIGN AND MODELLING 

A cheap and effective windshield wiper system will be presented. A rain 

sensor is used to collect data about the rain intensity. A Fuzzy logic 

controller is used to control the analog data from the sensor and then send 

it to the wiper motor which moves the wipers automatically with different 

speeds in accordance with rain intensity. The block diagram showing the 

relation between the various parts of the wiper system is shown in Figure 

12.  

 

Figure 12 Functional interrelations between parts of the windshield wiper 

system. 

 

 Figure 13 shows the different hardware parts of the controller as 

implemented in a “Honda” car. The above design has been also 

implemented and tested in an experimental rig, shown in Fig. 14. 
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Figure 13 The hardware parts of the wiper controller as implemented in a 

“Honda” car.  

 

Figure 14 The wiper controller as implemented and tested in an 

experimental rig. 
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The windshield wiper system consists of a rain sensor, an Arduino Uno 

microcontroller, a power supply module, windshield wiper system and 

the wiper motor. Description on each component is provided below: 

RAIN SENSOR 

The rain sensor used in the current project generates a voltage 

proportional to the raindrops accumulated on it. In the experimental 

setup, a shower is used to mimic the rain fall (see Fig. 14). After 

amplifying the analog sensor signal, it is converted to a digital signal in 

the Arduino Uno controller. Figure 15 shows the rain sensor and the 

amplifier used in the project . 

 

Figure 15 The rain sensor and the amplifier used in the project. 
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ARDUINO UNO MICROCONTROLLER 

The controller sends the incoming signal from the sensor to the electric 

motor. Depending on the signal strength, the electric motor is moved at 

the appropriate speed, which is proportional to the intensity of the rain. In 

this project, only two motor speeds are controlled and therefore an 

Arduino Uno R3 microcontroller with limited inputs is used. The 

controller is shown in Figure 16, along with its board, amplifier, the 5V, 2 

relay module and their connecting wires. 

 

 
Figure 16 The Arduino Uno R3 and its accessories. 
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POWER SUPPLY  

The power required to run Arduino is 3.3, 5 or 9 volts, while the range of 

the battery voltage of a car is between 11-13.5 Volts. For the two voltages 

to be compatible a need for a power supply module arises. Figure 17 

shows the module that is used in the current project to power the Arduino 

with 3.0 volts.  

 
Figure 17 power Module type  LM2596. 

  

For the experimental setup shown in Figure  14, a desktop computer 

power supply which changes the alternating current from a wall socket 

220 voltage alternative current to 3.3, 5.5, or 12 voltage direct current is 

used.  The 3.3 DC voltage is fed to the Arduino while the 12 DC voltage 

is fed to the wiper motor. A desktop computer power supply is shown in 

Figure 18. 
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Figure 18 The desktop computer power supply used in the experimental 

setup. 

  

WINDSHIELD WIPER SYSTEM 

The wiper system of the tested car which consists of the wiper motor, the 

four bar mechanism, wiper arm, and wiper blade is used in the 

experimental rig shown in Fig. 14.  The wiper motor had two inputs, one 

for the highest and the other for the lowest speed. Figure 19 shows the 

flowchart of the wiper system to the rain intensity algorithm. 
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Figure 19 Flowchart of  the wiper system algorithm. 

The control system can be put into a box and installed in a convenient 

place under the hood of a car, while the rain sensor is placed as shown in 

figure 13. The controlling program is given in Appendix 2. 

The control circuit is shown In Figure 20. 

 

Figure 20 The control circuit for the wiper system. 
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In this project, five laboratory devices were constructed, as follows: 

1. A four-bar mechanism for predicting the degree of freedom 

according to Gruebler condition and for knowing the type of 

motion of a link wither rotating or rocking according to Grashof’s 

theorem is constructed.  The experimental setup is shown in Figure 

2. The objective of the experiment and the procedure used to 

categorize the four bar mechanisms are fully described in the first 

poster (Appendix 1) and will not repeated here. 

2. The reconfigurable four-bar mechanism shown in Figures 2 or that 

shown in Figure 21 is used to execute the second experiment.  

 

Figure 21 The reconfigurable four-bar mechanism. 
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The objective of the second experiment is to measure the dead 

point angles φ and transmission angles ψ for three configuration of 

the four-bar mechanism. All the details required for doing this 

experiment are given in the second poster (Appendix 1) and will 

not repeated here.  

3. A very common usage of four-bar linkages is to generate 

approximate straight lines. Experiment three is an application of  

the coupler curves in the generation of approximate straight lines. 

Two approximate straight line mechanisms are manufactured for 

this purpose; Roberts mechanism and Chebyshev linkage. A 

detailed procedure for obtaining the position, velocity, acceleration 

for the coupler point P of Chebyshev mechanism is given in poster 

3 (Appendix 1). The same procedure can be used to conduct the 

same experiment on Roberts mechanism.  

4. The fourth experiment is designed to study the variation in velocity 

and acceleration of the rocker of a four bar mechanism when the crank 

is rotating with a constant angular velocity. The reconfigurable four-

bar mechanism shown in Figure 21 is used for this purpose. The 

equations required to identify the position, velocity and acceleration of 

the rocker link are given in poster 4 in Appendix 1. The experiment 

procedure is fully described in the same poster and will not repeated 

here. 
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5. A multi-purpose programmable, rain detection wiper control 

system for vehicles is constructed. The integrated system has been 

implemented in a Honda car and in an experimental rig. 

Experimentally, a shower is used to mimic rain fall. The speed of 

the wipers is controlled by using fuzzy logic with an Arduion Uno- 

3 controller. The same system with different power supply has 

been tested on “Honda” car. More details about this can be found 

in poster 5 (Appendix 1). The integrated system produces two 

speeds; one for low intensity rain fall and the other for high rain 

fall. 
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CONCLUSIONS 
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We have manufactured several four-bar mechanisms to use in training 

students and introducing them to their different characteristics. The 

manufactured mechanisms are simple in construction and can bring 

difficult concepts to students in a realistic way. Many applications on the 

usage of four-bar mechanisms are introduced in the context of viewing 

experiments. To link theoretical results to practical applications, a four-

bar wiper system has been implemented in an experimental rig. The wiper 

experiment is used also to show the student how to control a system by 

using Arduino Uno controller. The automation of a wiper system 

improvers drivability for drivers. It also improves the ability of students 

to understand the subjects of "machine theory" and "control". The 

experimental mechanisms manufactured in this project are characterized 

by good accuracy, ease of use and ease of carrying from one place to 

another. They also need only simple measuring devices. 

The four-bar mechanism used in the current experiments is highly 

reconfigurable. Different types of mechanisms can be obtained from the 

main mechanism by changing the connecting points of the links. 
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The wiper system developed in this project is also reconfigurable to high 

degree, It can be implemented in cars with regular wipers and can be 

programmed according to the different weather conditions of different 

regions. Because the components of the controller are available and 

cheap, it can be added to any car at a simple cost. 
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The Four-bar mechanism is one of the simplest and most common 

mechanisms and has multiple applications. That’s why this mechanism 

needs further exploration through more laboratory experiments. 

To illustrate the concepts to students the SolidWorks software was 

adopted for many years. We also adopted SolidWorks in the early stages 

of designing the experiments on the four-bar mechanisms. Due to the lack 

of space, it was not addressed in the report. That’s why we believe that it 

is appropriate for the students to learn kinematic theories through 

laboratory experiments. After that they can apply the theories with 

SolidWorks. Thus, they can focus on learning SolidWorks commands 

independently of learning kinematic theories. After mastering the 

kinematic theories and SolidWorks commands, the students will be able 

to analyze any mechanism in the SolidWorks program. In the future, we 

hope that they will be combined into one experiment.  

The four bar mechanism can also be used in applications other than the 

wiper system. Regarding the wiper system and with the reconfigurable 

feature described in the current paper, one system can be designed for all 

vehicles and for all climatic conditions. 
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 الموجز

ماسحات الزجاج  في مجموعة ةمهمواحدة من االجزاء التعتبر اآللية ذات الروابط االربعة 

،  اآللية ذات الروابط االربعة خصائص دراسةيهدف المشروع الحالي الى . للسيارةاالمامية 

 تدريب في الستخدامها اآلليات ذات الروابط االربعة من عدد واختبار تصنيعتم  هذا الغرضلو

   .في كلية الهندسة / جامعة القادسة الميكانيكية الهندسةقسم  مختبرات في الطالب

 متحكم استخدامب آلي نظام إلىهونداي  علسيارة نو دويالي اتسحالما نظام تحويل أيضا تم

، يتلقى فيه المسيطر االلكتروني أشاره رقمية عن شدة االمطار من متحسس الماء  اردوينو

بعدها يقوم المسيطر  .اموجبالضغط الذي يوضع في اسفل الزجاجة االمامية للسيارة حيث يكون 

. كما تم عمل رلشدة المط المناسبة بالسرعة الزجاج سحاتام محرك تشغيلااللكتروني ب

 مختبري. جهاز تجريبيمنظومة مماثلة لماسحات الزجاج في 

يفيد المشروع الحالي في أجراء مجموعة من التجارب في موضوع )نظرية اآلليات والمكائن( 

اآللية ذات الروابط االربعة في درس )التصميم( وفي عمل منظومة سيطرة للتحكم وفي تصميم 

النظرية في مادة )السيطرة( مع التطبيق العملي لها ولمادة تفيد في ربط خبرات الطالب 

 في دوائر التيار المتناوب والتيار المستمر. )الكهرباء(
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 وزارة التعليم العالي و البحث العلمي 
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