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ABSTRACT 

Viscoelasticity is a fundamental property of materials that has important roles in 
biomaterials and is involved in some of the medical device failures. In this study, a 
viscoelastic testing device was designed and fabricated to characterize the behavior of solid 
biomaterials, of which a commercial eraser was used for pilot test of load cell components. 
We conducted a relaxaWLRQ� WHVW� IROORZLQJ�0D[ZHOO¶V�PRGHO� WR�PHDVXUH� WKH� VWUHVV� RI� WKH�
eraser at three different levels of strain of 10%, 20%, and 30% using two methods. Initially, 
a c-clamp was employed in the first part of the project, followed by the development of a 
machine incorporating a mechanism for controlled movement. The results indicate that 
maximum stress was dependent on the level of applied strain, with the c-clamp method 
recording 389.399 kPa, 592.259 kPa, and 1095.702 kPa at 10%, 20%, and 30% strain, 
respectively. In contrast, the motor assembly method recorded 0.851 kPa, 0.224 kPa, and 
2.368 kPa at the same strain levels. These results follow HRRNH¶V� ODZ�� KRZHYHU�� WKH�
significant differences between the two methods highlight the impact of compression force 
application (manual and stepper motor) and the lateral shear stress induced by the rotation 
of the press plate. At 30% strain, an excessive amount of stress led to a reduction in stress 
relaxation time and material fracture. This study demonstrates that the load cell, 
displacement sensor, and motor mechanism components are capable of characterizing the 
stress relaxation behavior of materials. Future development could focus on minimizing 
various factors and complexities to enhance the device's potential for viscoelasticity 
characterization. 
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CHAPTER 1 
INTRODUCTION 

 
1.1 Introduction 

Viscoelasticity, the time dependent deformation of materials under stress, is a basic 
feature that describes the mechanical behavior of fundamental property [1]. Viscoelasticity has 
an important role in an area of research in biomedicine, contributing to the knowledge of biology 
activity and the development of treatment and diagnostic strategies for a range of clinical 
problems [2]. For instance, viscoelasticity is essential in analyzing the dynamic loading 
experienced by natural cartilage or total knee replacement during high-intensity activities like 
downhill skiing, which can differ significantly from the controlled testing performed in a 
laboratory [2]. Therefore, the study of viscoelasticity has a significant impact on the 
development of new technologies and therapies that can enhance the quality of life for patients 
with various clinical problems. 

9LVFRHODVWLFLW\�LV�WKH�VXEVWDQFH¶V�DELOLW\�WR�GHPRQVWUDWH�ERWK�HODVWLF�DQG�YLVFRXV�EHKDYLRU�
while elastic material immediately returns to its original shape when the force is removed, the 
viscous material does not [3]. Viscoelasticity is a time-dependent property that dictates the 
mechanical functionality of material over time [3]. The viscoelastic properties of medical device 
materials are important because it can help prevent failure of device parts.  

Therefore, understanding the viscoelastic properties of medical device materials is 
important to prevent failure of the device parts. If it is not taken into consideration during the 
design and selection of materials it can lead to mechanical failure [4].  

This project presents a plan for study the importance of viscoelastic property and design 
a prototype of a simple device that is able to characterize the viscoelastic properties of solid 
biomaterials in vitro, based on the working principles of the current devices already available in 
the market [6]. 

1.2 Objectives of the study 
 

Ɣ Design a prototype of a viscoelastic measurement machine. 
Ɣ To evaluate the performance of the prototype.  

 

1.3 Scope of the study 
  
          This project aims to understand the characterization of viscoelastic properties of solid 
biomaterials. There are two parts of our machine: designed; and assembly.  The design part we 
study about all the mechanisms that are involved in this machine, including mathematical 
calculation and the assemble part we use the electronic components that we research and connect 
with the microcontroller to control our mechanisms. This project will focus on the 
FKDUDFWHUL]DWLRQ� RI� WKH� VROLG� PDWHULDO¶V� UHVSRQVH� Wo applied deformation compared with the 
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commercial machine but in laboratory scale. 

 

1.4 Report Outline 

The following contents of this report is organized as follows: 

Chapter 2 presents the relevant theory and mathematical review to this research. 

Chapter 3 describes the design and implementation of a viscoelastic 
testing machine.  

Chapter 4 demonstrates the experimental result of foam eraser graph 
Chapter 5 discusses the work undertaken and draws conclusions about key points of this 
research. Finally, suggestions that can be a particular focus to further explore this study. 
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CHAPTER 2 
THEORY 

 
2.1 MATHEMATICAL MODEL OF VISCOELASTIC 
Viscoelasticity refers to the behavior of materials that exhibit both viscous (fluid-like) and 

elastic (solid-like) properties when subjected to stress or strain [6]. Viscous behavior is a 
measure of a fluid response to flow with time when stress is applied [7]. For example, creep is 
a viscous behavior in viscoelastic materials when subjected to a constant load over time. Elastic 
behavior or solid-like properties is an immediate deformation response of viscoelastic materials.  

This means that the material will deform under a load or force but will recover its original 
shape when the load is removed [2]. This property is important in biomaterials because it helps 
to simulate the mechanical behavior of biological tissues, making them useful in a variety of 
medical applications such as tissue engineering and implantable devices [8]. 

There are two main models that derive the viscoelastic equation, both models are 
represented as a single spring for elasticity and a single dashpot for viscous connected in series 
IRU� 0D[ZHOO¶V� DQG� SDUDOOHO� IRU� 9RLJW¶V� PRGHO� >�@�� 7KH� HTXDWLRQ� RI� VSULQJ�HODsticity) and 
dashpot(viscous) are represented following: 

 
 

Elasticity 

�ߪ ൌ  (1)      ߝܧ�

where: 

 ݏݏ݁ݎݐݏ�݄݁ݐ�ݏ݅�ߪ 

 ݊݅ܽݎݐݏ�݄݁ݐ�ݏ݅�ߝ 

 ݏݑ݈ݑ݀݋݉�ܿ݅ݐݏ݈ܽܧ�݄݁ݐ�ݏ݅�ܧ

 

Viscosity  

�ߪ ൌ  ሻ      (2)ݐ݀ߝሺ݀ߟ�

 where: 

 ݏݏ݁ݎݐݏ�݄݁ݐ�ݏ݅�ߪ  

  ݊݅ܽݎݐݏ�݄݁ݐ�ݏ݅�ߝ 

 ݕݐ݅ݏ݋ܿݏ݅ݒ�݄݁ݐ�ݏ݅�ߟ
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0D[ZHOO¶V�0RGHO�� 

0D[ZHOO¶V�0RGHO�LV�D�OLQHDU�YLVFRHODVWLF�PRGHO�WKDW�GHVFULEHV�WKH�EHKDYLRU�RI�PDWHULDOV�
as an elastic spring and a viscous dashpot connected in series [9].  

 

)LJXUH�����0D[ZHOO¶V�0RGHO�>�@� 

It is used to predict the creep and stress relaxation behavior of a material. The creep 
response is proportional to the load and time, while the stress relaxation response is proportional 
to the initial stress and time [10]. In this context, the derived equations of Maxwell are shown 
below.  

ǡݐݏݎ݅ܨ  Ǥݏ݊݋݅ݐܽݑݍ݁�݊݅ܽݎݐݏ�݂݋�݊݋݅ݐܽ݉݉ݑݏ�݀݊ܽ�ݏݏ݁ݎݐݏ݋ݏ݅�݄ݐ݅ݓ�ݐݎܽݐݏ�݁ݓ
 

�௧௢௧௔௟ߪ ൌ ௗ௔௦௛௣௢௧ߪ� ൌ  ௦௣௥௜௡௚    (3)ߪ

�௧௢௧௔௟ߝ ൌ � ௗ௔௦௛௣௢௧ߝ ൅  ௦௣௥௜௡௚    (4)ߝ

 

ݏݏ݁ݎݐܵ െ ǡ݌݄݅ݏ݊݋݅ݐ݈ܽ݁ݎ�݊݅ܽݎݐܵ  ݐ݄ܽݐ�݁ݐܽݐݏ�ݓܽܮ�ݏԢ݁݇݋݋ܪ
 

�ܧ ൌ ఙ
ఌ
      (5)  

ߪ ൌ  (6)      ߝܧ

 

 ݁݉݅ݐ�݂݋�ݐ݅݊ݑ�ݎ݁݌�ݏܽ�݊݋݅ݐܽݑݍ݁�݄݁ݐ�݁ݐ݅ݎݓܴ݁
 

ௗఙ
ௗ௧

ൌ ܧ ௗఌ
ௗ௧

     (7) 

 

 �Ǥ݊݋݅ݐܽݑݍ݁�݄݁ݐ�݋ݐ�݃݊݅ݎ݌ݏ�݀݊ܽ�ݐ݋݌݄ݏܽ݀�݂݋�݊݋݅ݐܽݑݍ݁�ݏݏ݁ݎݐݏ�݄݁ݐ�݁ݐݑݐ݅ݐݏܾݑܵ
 

ௗఙ
ௗ௧

ൌ ሺௗఌ೏ೌೞ೓೛೚೟ܧ
ௗ௧

൅ ௗఌೞ೛ೝ೔೙೒
ௗ௧

ሻ    (8) 
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ௗఙ
ௗ௧

ൌ ሺఙܧ
ఎ
൅ ଵ

ா
ௗఙ
ௗ௧
ሻ     (9) 

ଵ
ா
ௗఙ
ௗ௧

ൌ ఙ
ఎ
൅ ଵ

ா
ௗఙ
ௗ௧

     (10) 

ௗఌ
ௗ௧
ൌ ଵ

ா
ௗఙ
ௗ௧
൅ ఙ

ఎ
      (11) 

ǡݐݏ݁ܶ�݌݁݁ݎܥ�ݎ݋ܨ Ǣݐ݊ܽݐݏ݊݋ܿ�ݏ݅�ݏݏ݁ݎݐݏ ߪ� ൌ  ଴ߪ
 Ǥݐݏ݁ݐ�݌݁݁ݎܿ�݂݋�݊݋݅ݐܽݑݍ݁�݊ܽ�ݐ݁݃�݋ݐ��ሺͳͳሻ݊݋݅ݐܽݑݍ݁�݁ݐܽݎ݃݁ݐ݊ܫ

׬ ௗఌ
ௗ௧
ൌ ଵ

ா
ௗఙ
ௗ௧
൅ ఙ

ఎ
     (12) 

ߝ ൌ ݐ݋ߪ
ߟ ൅ ݋ߪ

ܧ       (13)  

ǡݐݏ݁ܶ�݊݋݅ݐܽݔ݈ܴܽ݁�ݎ݋ܨ  �Ǣݐ݊ܽݐݏ݊݋ܿ�ݏ݅�݊݅ܽݎݐݏ
 
    ௗఌ

ௗ௧
ൌ �Ͳ       (14) 

 �Ǥݐݏ݁ݐ�݊݋݅ݐܽݔ݈ܽ݁ݎ�݂݋�݊݋݅ݐܽݑݍ݁�݊ܽ�ݐ݁݃�݋ݐ��ሺͳͳሻ݊݋݅ݐܽݑݍ݁�݋ݐ��ሺͳͶሻ݊݋݅ݐܽݑݍ݁�݁ݐݑݐ݅ݐݏܾݑܵ

ߪ ൌ ݁݋ߪ
ሺെߟݐܧ ሻ      (15) 

Creep is the gradual deformation of a material under a constant load, and it occurs 
because of the viscous component of the material. In Maxwell's Model, the creep response of 
the material is proportional to the load and the time (Figure 2 a) [11]. Stress relaxation is the 
reduction in stress in a material under constant strain, and it occurs because of the elastic 
FRPSRQHQW�RI�WKH�PDWHULDO��0D[ZHOO¶V�0RGHO�KDV�VRPH�OLPLWDWLRQV�ZKHQ�LW�FRPHV�WR�GHVFULELQJ�
the behavior of most viscoelastic materials, this model shows that the strain rate is constant when 
a constant stress is applied. which may be suitable for describing fluid behavior. But it does not 
explain the behavior of solids. In fact, many solid materials, such as polymers, do not follow this 
simple assumption but often exhibit more complex viscoelastic responses, where the strain rate 
changes over time when subjected to constant stress��0D[ZHOO¶V�0RGHO� LV�PRUH� DFFXUDWH� LQ�
calculating the relaxation test than the creep test [11]. In Maxwell's Model, the stress relaxation 
response of the material is proportional to the initial stress and the time (Figure 2 b).  
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Figure 2.2 (a) Qualitative plot of Strain under constant Stress over time (Creep). 

 

Figure 2.2 (b) Qualitative plot of Stress under constant Strainover time (Stress Relaxation).
         

Voigt Model 

 The Voigt model is a simple mathematical model of a spring and a dashpot connected in 
parallel [9,11]. The model represented that the material experienced both elastic and viscous 
responses analyzing the combination of instantaneous deformation over time.   

 

Figure 2.3 Voigt Model. [9,11] 
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It can be represented by the equation shown following: 

�௧௢௧௔௟ߪ ൌ ௗ௔௦௛௣௢௧ߪ� ൅  ௦௣௥௜௡௚      (14)ߪ

�௧௢௧௔௟ߝ ൌ � ௗ௔௦௛௣௢௧ߝ ൌ  ௦௣௥௜௡௚    (15)ߝ

 

 �Ǥ݊݋݅ݐܽݑݍ݁�݄݁ݐ�݋ݐ�݃݊݅ݎ݌ݏ�݀݊ܽ�ݐ݋݌݄ݏܽ݀�݂݋�݊݋݅ݐܽݑݍ݁�ݏݏ݁ݎݐݏ�݄݁ݐ�݁ݐݑݐ݅ݐݏܾݑܵ
௢ߪ ൌ ߟ ௗఌ೏ೌೞ೓೛೚೟

ௗ௧
൅  (16)     ߝܧ

ௗఌ
ௗ௧
ൌ ఙ೚

ఎ
െ ாఌ

ఎ
      (17) 

ǡݐݏ݁ܶ�݌݁݁ݎܥ�ݎ݋ܨ  �ݐ݊ܽݐݏ݊݋ܿ�ݏ݅�ݏݏ݁ݎݐݏ
 Ǥݐݏ݁ݐ�݌݁݁ݎܿ�݂݋�݊݋݅ݐܽݑݍ݁�݊ܽ�ݐ݁݃�݋ݐ��ሺͳ͹ሻ݊݋݅ݐܽݑݍ݁�݁ݐܽݎ݃݁ݐ݊ܫ

ߝ ൌ ݋ߪ
ܧ ሺͳ െ ݁ሺ

െݐܧ
ߟ ሻሻ     (18) 

ǡݐݏ݁ܶ�݊݋݅ݐܽݔ݈ܴܽ݁�ݎ݋ܨ  �ݐ݊ܽݐݏ݊݋ܿ�ݏ݅�݊݅ܽݎݐݏ
 Ǥݐݏ݁ݐ�݊݋݅ݐܽݔ݈ܽ݁ݎ�݂݋�݊݋݅ݐܽݑݍ݁�݊ܽ�ݐ݁݃�݋ݐ��ሺͳ͹ሻ݊݋݅ݐܽݑݍ݁�݋ݐ��ሺͳͻሻ݊݋݅ݐܽݑݍ݁�݁ݐݑݐ݅ݐݏܾݑܵ

ௗఌ
ௗ௧
ൌ Ͳ      (19) 

ߪ ൌ  (20)     ݋ߝܧ

 When a force is applied, there is no instantaneous deformation due to the inability of the 
dashpot to change shape instantly [11]. Voigt's model is realistic when it comes to predicting the 
gradual decrease in strain over time when the stress remains constant (Figure 4 a.) [10]. It is 
especially useful in modeling the gradual deformation of materials over time, commonly referred 
to as creep or to input a constant stress. However, Voigt's model has limitations when it comes 
to capturing certain aspects of material behavior. For example, it cannot accurately predict 
relaxation that varies with time, and it also does not account for permanent deformation when a 
load is removed. This means that the Voigt model may not fully represent the way some 
materials behave in real-world situations. When dealing with viscoelastic materials that exhibit 
time-dependent relaxation (where stress gradually decreases over time under a constant strain) 
or materials that experience permanent deformation after a load is released, the Voigt model's 
predictions may fall short, which means the model is less precise in predicting the behavior of 
relaxation (Figure 4 b.) [12]. 
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Figure 2.4 (a) Qualitative plot of Strain under constant Stress over time (Creep). 

 

Figure 2.4 (b) Qualitative plot of Stress under constant Strain over time (Creep). 

 

2.2 MATERIAL REVIEW 
 

2.2.1 Force sensor 
 
 A force sensor or force transducer, that converts mechanical forces, such as weight, 
tension, compression, torque, strain, stress, or pressure, into an electrical output signal. This 
electrical signal is measurable, and convertible, and it changes proportionally as the applied 
force on the force sensor increases [18]. In the material review of the force sensor, we explored 
four components commonly used for force and pressure measurements.  
 
 Starting with the Force Sensing Resistor, it employs a change in resistance within its 
polymer matrix when subjected to force [19]. This provides the advantage of a wide dynamic 
range and cost-effectiveness. However, FSRs suffer from lack of precision, with measurement 
error often exceeding 10%, making them unsuitable for precise weight measurements [20]. The 
greater the force applied, the lower the resistance. 
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Figure 2.5 Force Sensing Resistor [19]. 

 
 Load cells function through strain gauges, converting mechanical deformation into 
electrical signals. Their main advantage is high precision, making them ideal for weight 
measurements but the load cells can be more expensive and require precise calibration [21].  
 

 
Figure 2.6 Load Cells [21]. 

 
 
 Piezoelectric sensors rely on the piezoelectric effect to generate an electric charge under 
mechanical stress. Their quick response and high sensitivity are their advantages. However, 
these sensors are sensitive to temperature changes and may require additional circuits for signal 
adjustment [22].  
 

 
Figure 2.7 Piezoelectric Sensors [23]. 
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 Capacitive Force Sensors measure capacitance changes between two plates when force 
is applied. They have high accuracy and toughness, making them suitable for various 
applications [24]. But, they can be expensive and can be affected by external electrical 
interference.  
 

 
Figure 2.8 Capacitive Force Sensors [25]. 

 
 

Table 2.1 Force Sensor Review. 

 

Type Principle  Advantages Disadvantages 

Force 
Sensing 
Resistor 
[13]  

The resistance of the 
sensor decreases 
inversely 
proportional to 
pressure applied to 
its surface.  

- The price is 
affordable  

- User-friendly 

- Low precision of 
10%.  

- More different in 
measurement 
result.  

- It is not suitable 
for weighting.  

Load cells 
[14,15]  

The output is 
returned as a signal 
to the mechanical 
force applied to the 
system.  

- Load cell has an 
accuracy of less 
than 0.1% of the 
full scale but 
bulky in size.  

- It requires precise 
calibration to 
maintain accuracy 
over time. 

Piezoelectr
ic Sensor 
[16]  

The transducer 
converts energy to 
voltage when it 
receives force or 
pressure.  

- It has an excellent 
frequency 
response. 

- It can be used only 
for dynamic 
measurement. 

- Requires 
additional circuit 
for adjustment. 
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2.2.2 DISPLACEMENT SENSOR 

  
 Five displacement sensors are chosen to review as components in  this project. This 
review intends to provide valuable insights into the selection of the most suitable displacement 
sensor for our project's specific requirements to calculate deformation of a material. 
 
 First, a diffuse displacement sensor. It uses a light source to project light onto an object 
and then reflected onto a receiving lens through an electrically connected cable. This sensor is 
capable of measuring distances up to 250 mm with high accuracy for an opaque material but it 
is very expensive with a lot of accessories.  
 

 
Figure 2.9 Diffuse Displacement Sensor [31]. 

 
 Next are proximity sensors. It uses magnetic fields to detect objects that have a range 
of 15-20 mm. The subject tested does not require a magnetic object. However, it is too expensive 
for this project.  

 
 

Figure 2.10 Proximity sensors [27]. 
 
 Then there are ultrasonic sensors that use sound waves and echoes of an object and 
convert a speed of sound into distance. However, they are more expensive compared to other 
types of sensors.  

Capacitive 
Force 
Sensor [17]  

It measures force by 
detecting changes in 
capacitance. 

- It is simple to 
connect to a 
microcontroller. 

- It has a great 
resolution.  

- It is overly 
sensitive to 
changes in the 
environment. 
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Figure 2.11 Ultrasonic Sensor [32]. 

 
 Another type is a laser ranging and gesture, GY VL53L0X. It uses infrared light to 
measure that work up to 2 meters maximum with discrepancy of 1 mm and the ability to combine 
with Arduino and other accessories. However, outdoor usage can be influenced by 
environmental factors. 

 
Figure 2.12 Laser ranging and gesture Sensor,GY VL53L0X,  [29]. 

 
 Lastly, a laser ranging sensor module. It uses a laser or infrared light source to measure 
the time it takes for the light to bounce off an object and return to the sensor similar to the GY 
VL53L0X but, with a range of 0-50 mm. It can be used in various applications, such as 
automated systems and touchless interfaces.  

 
 

Figure 2.13 TOFO 050C VL6180, Laser ranging and gesture Sensor [30]. 
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Table 2.2 Displacement sensor review. 

 
 
 

  
 

Type Principle  Advantages Disadvantages 

Diffuse 
Displacem
ent Sensor  
[26] 

It uses a light source 
to emit to the object 
and reflect to the 
receiving lens 
through electrical 
cable and calculated 
by the time it takes to 
travel to the object 
and back.  

- It can measure 
distance up to 250 
mm.  

- High accuracy for 
opaque material.  

- It is very 
expensive with a 
lot of accessories 
that might further 
add to the overall 
cost.  

Proximity 
Sensor 
[27] 

Use magnetic fields 
for detecting 
magnetic objects 
within the range of 
15-20 mm.  

- The subject to be 
tested does not 
require a magnetic 
object. 

- It can be used in a 
variety of 
applications and 
environments. 

- It is relatively 
expensive.  

 

GY 
VL53L0X 
(Laser 
ranging 
and 
Gesture 
Sensor)  
[28]  

Use infrared to 
measure the gesture 
with a maximum 
range of 2 meters 
with discrepancy of 1 
mm.  

- It is capable of 
various 
applications due to 
a good range. 

- Can be coded by 
using Arduino and 
can be combined 
with other 
accessories.  

- It can be affected 
by environmental 
conditions when 
used outdoors.  

Ultrasonic 
Sensor 
[29]  

Use ultrasound and 
echoes of an object 
and convert a speed 
of sound into 
distance. 

- It works well in 
various 
environments and 
is useful for non-
contact 
measurement.  

- It was relatively 
expensive, 
compared with 
other types.  

 

VL6180 
Laser 
Ranging 
Sensor 
[30] 

Use a laser source to 
measure the time of 
the light to return and 
convert to distance.  

- Compact in size 
and suitable for 
short range 
distance.  

- It cannot be used 
with oblique 
materials due to 
laser ranging.  
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2.2.3 COMPRESSION MACHINE MECHANISM  
 
 We searched for important components such as a microcontroller, a motor that drives 
mechanically moved objects, a lead screw that cooperates with a motor to drive the object, and 
torque.  
  

A. Arduino Uno 
 
 Arduino is an open-source microcontroller to use hardware and software components 
for programming and building circuit boards [33]. It consist of 14 digital input/output pins, 6 
analog inputs, a USB connection, a power jack, and a reset button [34].  
 

 
 

Figure 2.14 Arduino Uno [35]. 
 
 
 

B. Motor driver  
 

 A motor driver, such as the L298N, serves as a component linking motors and control 
circuits. This is particularly important because motors typically demand high current levels, 
while control circuits operate using low-current signals [36]. A motor driver like the L298N 
transforms a low-current control signal into a higher-current signal, allowing it to power and 
control the connected motor.  
 
 

 
 

Figure 2.15 L298N Motor Driver [37]. 
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C. Motor Review 
 

 There are five mechanisms being considered for their ability to compress materials. We 
review various mechanisms essential to our project. These mechanisms play a crucial role in 
shaping the functionality and performance of our system. Each mechanism offers a unique set 
of advantages and limitations, making it important to carefully consider the specific 
requirements of our project. By evaluating these mechanisms, we aim to make informed 
decisions that will contribute to the project's success.  
 
 First, stepper motor, a motor that converts electrical power into mechanical power that 
requires a lead screw to control. It can be used with microcontrollers and simple motion setups. 
Stepper motors provide precise position control over position and speed without requiring 
feedback that is useful for maintaining compression accuracy [38]. Additionally, it has high 
torque at low speed. Moreover, it is easy to use, requiring only easy control circuits or 
programming and cost-effective.  
 

 
 

Figure 2.16 Nema 17 Stepper Motor 17HS4401S [43]. 
 

 Second, a DC gear motor is a combination of a motor and gearbox to reduce the speed 
but increase the torque output, that uses direct current to drive the motor's rotation. These motors 
are easy to use, cost-effective, and provide various ranges of speeds and torques [44]. 

 
 

Figure 2.17 DC gear motors [45]. 
 
 Servo Motors use feedback mechanisms for accurate angular control. Their high 
precision, speed, and multipurpose make them suitable for tasks requiring precise control. 
However, they can be more complex and expensive compared to other motors [46].  
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Figure 2.18 Servo Motors [46]. 
 
 The fourth mechanism is Linear Actuator, an electric motor that converts a rational 
motion into linear motion. Include a lifting column and a lead screw as a frame. It allows a 
smooth motion control system and pushing and requires feedback [47].  

 
Figure 2.19 Linear Actuator [48]. 

 
 Hydraulics use fluid under pressure to generate mechanical motion. They provide a lot 
of power density suitable for  heavy-duty applications. Yet, designing can be complex, and 
leakage is a potential issue, and require maintenance [49].  
 

 
 

Figure 2.20 Hydraulic Compression Machine [49]. 
 

D. Push button 2-Pin  
 
 Push buttons or switches are digital input devices commonly used with Arduino 
microcontrollers [50]. They are fundamental for creating user interfaces and controlling various  
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functions in Arduino projects as coded. 
 
 

   
Figure 2.21 2-Pin Button [51]. 

 
 
Table 2.3 Mechanism Review. 

Type Principle  Advantages Disadvantages 

Nema 17 
Stepper 
Motor 
(17HS4401
S) [38] 

Convert electrical 
power to mechanical. 
It is typically 1.8 step 
angle and 200 
revolution per angle.  

- It provides 
impressive torque 
at low speeds. 

- Great for 
positioning motion 
with high 
efficiency.  

- It is easy to use, 
requiring only 
easy control 
circuits or 
programming. 

- Cost-effective 

- Low acceleration. 
- Require a base, a 

slider, and a lead 
screw.    

DC gear 
motor [39] 

The DC motor is 
simple, speed can be 
adjusted by varying 
the input supply 
voltage. Required a 
lead screw.  

- Higher speed 
range and 
maximum load. 

- It is not efficient in 
controlling and 
positioning.  

 

Servo 
Motor [40] 

Uses a rotary of 
linear actuators. 
Mostly used for 
remote controls. 

- It works better for 
complex systems 
that require 
feedback.  

- It can rapidly 
respond to control 
commands, 
making them 
suitable for real-
time applications. 

- More complex to 
set up and control 
due to feedback 
systems and 
controllers. 
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E. Lead Screw  

 
 Lead screw is a mechanical component that is commonly used to convert rotational 
motion into linear motion [52]. The motion of a lead screw relies on  the screw shaft and the nut 
threads. There are two key components which are screw shaft and a nut. As the screw shaft 
rotates, the nut moves along a threaded path which results in linear movement. It can produce 
large forces by applying small moments [53].  
 The pitch is the distance between screw threads and lead is the linear distance travel per 
one revolution or 360 degrees [54]. There are 4 major types of thread start. single lead, double 
lead, triple lead and quad lead. This can be determined by defining the start point, end point, and 
the shape of the lead start [55].  

 
Figure 2.22 Type of lead [56].  

 
 
 There are three types of thread profile classified by geometry; ACME thread, buttress 
thread, Square thread. Each type of profile has a different property and mechanism of the use of 
it.  
 
 The ACME thread is a trapezoid-shaped thread. It consists of strength at the base 
making it stronger and higher clamping speed. It has a good load capacity but less efficiency 
due to the friction in high speed and precision application [54].  
 
 The buttress thread is a triangular thread that has a high thread strength in one direction. 
It is an asymmetrical thread profile that has a wider base of thread used to transmit power. One 
side of steep angle and one side of shallower angle. However, it has a limited availability due to 
the direction and the friction it encountered [56].  

Linear 
Actuator 
[41] 

It converts rotational 
motion to linear 
motion. Require a 
lead screw. 
 

- It can be used with 
Arduino.  

- Provide smooth 
operations  

- It is relatively 
expensive. 
 

Hydraulic 
[42] 

It is commonly used 
for compression and 
mostly used for high 
force such as press 
and lifts. 

- It has a precise and 
controlled motion. 

- Great power for 
heavy-duty 
applications. 

- It cannot be 
controlled by a 
microcontroller. 

- It is relatively 
expensive. 
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 The square thread has a symmetric square-shaped thread with a low friction thread due 
to its thread angle and precision positioning with well-suited speed. Yet, it has a limited load 
capacity and complex manufacturing compared to others [57].  
 

 
 

Figure 2.23 Types of lead screw [53]. 
 
 
Table 2.4 Types of thread profile. 

Type Principle  Advantages Disadvantages 

ACME Thread [57]. - Trapezoid 
thread or a 
steep thread  

- 290 degrees 
thread angle 

- designed for 
rotary motion 
to linear  

- good load 
capacity  

- less 
efficiency due 
to friction.   

Buttress Thread [57]. - asymmetrical 
thread profile  

- transmit 
power in one 
direction 

- consist of 
steep angle 
and a 
shallower 
angle  

- high load 
capacity and 
power  

- great 
efficiency.  

- limited 
availability 

- high friction  

Square Thread [57]. - symmetric 
thread profile 

- matching 
with square 
screw to 
create a linear 
motion   

- high 
efficiency 

- precision 
positioning 

- well-suited of 
low speed 

- complex 
manufacturin
g  

- limited load 
capacity  
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F. Torque 

 Torque is a rotating force exerted or rotating something to produce the rotary motion in 
the direction we want to make an object tight, loosen, or rotate to the position. For example, 
opening the door knobs or caps of bottles, or tightening nuts or wheels to change a tire [58]. It 
could be observed that when tightening car wheel nuts, using a short wrench handle requires 
higher force than the longer handle, which requires less exerted force [59].  
 Therefore, torque is determined by multiplying the force exerted to an object by its 
distance from the rotational axis. The SI unit of torque is Newton-meter(Nm). 
 

Torque 

߬ ൌ  (21)      ݀ܨ�

where: 

 (Nm) ݁ݑݍݎ݋ݐ�ݏ݅�߬ 

 (N) ݁ܿݎ݋݂�݈݀݁݅݌݌ܽ�݄݁ݐ�݂݋�ݐ݊݁݊݋݌݉݋ܿ�ݎ݈ܽݑܿ݅݀݊݁݌ݎ݁݌�݄݁ݐ�ݏ݅�ܨ 

from the rotational axis (m) ݁ܿ݊ܽݐݏ݅݀�݈ܽ݅݀ܽݎ�݄݁ݐ�ݏ݅�݀
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CHAPTER 3  
METHODOLOGY 

 
7KH�ILUVW�VHFWLRQ�RI�WKLV�FKDSWHU�GHVFULEHV�WKH�SURMHFW¶V�PDWKHPDWLFDO�PRGHO�GHVLJQ�DQG�

calculations. Then, the second section outlines the manufacturing components, which include 
the testing of the force sensor using a c-clamp, the assembly procedure of force sensor and 
displacement sensor, the materials used for testing, and coding that describes how electronic 
components are being used in the system.  
 

3.1. MATHEMATICAL MODEL OF VISCOELASTIC 
 

3.1.1. Mechanism Design and Calculations  
 Our machine design includes the principle of mechanical optimization by precisely 
designing a system that virtually eliminates significant factors such as the moment. This is 
achieved by reducing the distance involved and directly applying force to the materials.  

 
Figure 3.1 Platform design.  

 
Major considerations of our mechanical design are the friction, moment, and 

corresponding reaction of the moment [60]. To reduce the effects of the moment, it is necessary 
WR�PLQLPL]H�WKH�GLVWDQFH�EHWZHHQ�WKH�PRPHQW¶V�FHQWHU�RU�WKH�URWDWLQJ�SRLQW�ZKHUH�WKH�UHDFWLRQ�
force might occur. So, we ensure that the point of compression onto the materials aligns with 
the rotating point. Also, modify the structure by drilling into the side of the box that we used as 
a platform and add two platforms: one for the motor, allowing free movement, and another for 
the screw shaft, which remains fixed in place.  
 The failure force of the eraser, as determined in the first phase of the project, results in 
thirty percent of the materials, which is a crucial parameter for selecting the most suitable motor. 
It is essential to consider that the maximum load the eraser can withstand is 115 newtons. The 
experiment is shown in the following part. To calculate the optimal motor for our system, we 
WDNH� LQWR� DFFRXQW� WKH� HUDVHU¶V� ORDG� EHDULQJ� FDSDFLW\� DQG� DGGLWLRQDO� VSHFLILFDWLRQV�� VXFK� DV�
diameter of the lead screw, which is 8 millimeters with a thread pitch of 2 millimeters.  
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Mathematical Square-threaded screws calculations  

 
 A screw with square threads is a mechanical device designed to generate a large axial 
IRUFH�E\�DSSO\LQJ�D�UHODWLYHO\�VPDOO�WRUTXH�DERXW�WKH�VFUHZ¶V�D[LV��7KH�YLHZ�FDQ�EH�YLVXDOL]HG�
as a rectangular bar wrapping around a cylindrical shaft, as illustrated below.  

 
Figure 3.2 Square-threaded screw [59]. 

 
 The rectangular bar is turned or rotated along the cylindrical shaft and surface engaged 
with the corresponding threads. This translates rotational motion into linear motion. This 
mechanism suits high power generated movement.  

 
Screw are related by  

 
�݌ ൌ  (22)      ߠ݊ܽݐ�ݎߨʹ�
 

݁ݎ݄݁ݓ     �׷
 ��ሺ݉ሻ݈݁݃݊ܽ�݈݀ܽ݁�݄݁ݐ�ݏ݅�ߠ    
 �ሺ݉ሻ݄ܿݐ݅݌�݄݁ݐ�ݏ݅�݌    
 �ሻ݁݁ݎ�ሺ݀݁݃ݏݑ݅݀ܽݎ�݊ܽ݁݉�݄݁ݐ�ݏ݅�ݎ    
 

 ��݁ݒ݄ܽ�݁ݓ�݁ݑ݈ܽݒ�݄݁ݐ�݁ݐݑݐ݅ݐݏܾݑݏ�ݕܾ�݈݁݃݊ܽ�݄݁ݐ�݀݊݅ܨ
�݌     ൌ  (23)      ߠ݊ܽݐ�ݎߨʹ�

ͲǤͲͲʹ�݉� ൌ  (24)    ߠ݊ܽݐ��ሺͲǤͲͲͶ�݉ሻߨʹ�

�ߠ ൌ �݊ܽݐܿݎܽ� ሺͲǤͲͲʹ�݉ሻ
 ሺͲǤͲͲͶ�݉ሻ     (25)ߨʹ

�ߠ ൌ �ͶǤͷͶͻͻ° 
 
 The screw will be utilized on a screw shaft similar to the (figure 25.) In this context, we 
can recall Coulomb's friction theory which states that it is independent of the contact area and 
assumes the contact area to be very small.  
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Figure 3.3 Contact area of screw [59].  

 
 The entire weight is carried by the contact area and the horizontal force: 
 
     ܳ� ൌ � ஼ೀ

௥
      (26) 

݁ݎ݄݁ݓ     ׷
 ��ሺܰሻ݁ܿݎ݋݂�݈ܽݐ݊݋ݖ݅ݎ݋݄�݄݁ݐ�ݏ݅�ܳ    
 �ሺܰ݉ሻ݁ݑݍݎ݋ݐ�݄݁ݐ�ݏை�݅ܥ    
 �ሺ݉ሻݏݑ݅݀ܽݎ�݄݁ݐ�ݏ݅�ݎ    

  
 It can be seen that the block is being pushed by the horizontal force and can be assume 
that: 

 
Figure 3.4 Force Vector. 
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 The equilibrium of the block are  
 

�ݕܨߑ ൌ Ͳ;  െܴܿߠݏ݋ ൅ �ܹ ൌ Ͳ    (27) 
ߠݏ݋ܴܿ ൌ ܹ 

 
�ݔܨߑ ൌ Ͳ;  ܴߠ݊݅ݏ െܨ�௬ ൌ Ͳ�Ǣ     (28) 

ߠ݊݅ݏܴ ൌ  ்ܨ
 
݁ݎ݄݁ݓ     �׷

  �ሺܰሻݐ݄݃݅݁ݓ�݄݁ݐ�ݏ݅�ܹ
 ��ሺܰሻ݈ܽ݉ݎ݋݊�݄݁ݐ�ݏ݅�ܴ

 ��ሺܰሻ݁ݑݍݎ݋ݐ�݂݋�݁ܿݎ݋݂�݄݁ݐ�ݏ݅�்ܨ
 �ሺܰሻ݁ܿݎ݋݂�݈ܽܿ݅ݐݎ݁ݒ�݄݁ݐ�ݏ௬�݅ܨ

 ��ሺܰሻ݁ܿݎ݋݂�݈ܽݐ݊݋ݖ݅ݎ݋݄�݄݁ݐ�ݏ௫�݅ܨ
 
 �ܴ�݀݊݅ܨ 
�ߠݏ݋ܴܿ     ൌ �ܹ       (29) 
ሺͶǤͷͶͻͻሻݏ݋ܴܿ     �ൌ �ͳͳͷ�ܰ 
    ܴ� ൌ � ଵଵହ�ே�

௖௢௦ሺସǤହସଽଽሻ
 

    ܴ� ൌ �ͳͳͷǤ͵͹ͳͷ 
 
 �்ܨ�݀݊݅ܨ 

�ߠ݊݅ݏܴ ൌ  (30)       ்ܨ�
ሺͳͳͷǤ͵͹ͳͷ�ܰሻ݊݅ݏሺͶǤͷͶͻͻሻ �ൌ  ்ܨ�

ͻǤͳͷʹ�ܰ� ൌ  ்ܨ�
 

 �݁ݑݍݎ݋ܶ�݀݊݅ܨ
   ܳ� ൌ � ஼ೀ

௥
       (31) 

   ͻǤͳͷʹ�ܰ� ൌ � ஼ೀ
଴Ǥ଴଴ସ�௠

 
�ைܥ    ൌ �ͲǤͲ͵͸͸Ͳͺ�ܰ݉ 

 
 Based on the calculations, the motor selected for our machine application should possess 
D�WRUTXH�FDSDELOLW\�JUHDWHU�WKDQ����������1P�LQ�RUGHU�WR�PHHW�WKH�PDFKLQH¶V�UHTXLUHPHQW�IRU�
maximum force. This will ensure that the motor can effectively generate the power required for 
the machine.  
 

3.2. MANUFACTURE PART  
 

Following the completion of the design part of our machine, we move forward to the 
PDQXIDFWXUHU�SDUW��:H�FRQWLQXH�EXLOGLQJ� WKH�PDFKLQH¶V�IUDPH�DQG�DVVHPEOLQJ�DOO� WKH�QHHGHG�
hardware onto the frame. This section will describe the manufacturing process of c-clamp, 
PDFKLQH¶V�IUDPH��SODWIRUPV��DQG�HOHFWURQLFV�FRPSRQHQWV�� 
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3.2.1. C-CLAMP  
In this first experiment, we conducted force sensor testing using a c-clamp to test whether 

it is suitable to determine viscoelastic characteristics. The c-clamp used to clamp the load cell 
to a table to secure and apply force to the material that was put on the other side that floated in 
WKH� DLU� �)LJXUH� ������$� ORQJHU� VFUHZ� LV� WXUQHG� WR� FRPSUHVVHG� ����� ����� ���� RI�PDWHULDO¶V�
thickness to load force to the testing material and we can adjust the distance between the upper 
side of the load cell and lower side of the c-clamp by vernier caliper. 

 

 
 

Figure 3.5 C-clamp Assemble.  
 
 

3.2.2. 0$&+,1(¶6�)5$0( 
 

We have chosen a wooden box as our PDFKLQH¶V� IUDPH� IRU� WKH� VHFRQG� H[SHULPHQW�
because it is easy to drill and convenient to install the components. We drilled holes in the 
wooden frame to install the load cell and create a route along the side of the box for the platforms. 
The first platform is designed to house the stepper motor, allowing for free movement. And 
another platform for the ball screw nuts, which will remain fixed in place.  

 
 

Figure 3.6 Route for platforms and Drilling for inserting the load cell. 
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Figure 3.7 Size of wooden box. 

 
3.2.3. FREE PLATFORM 

  
We have selected an acrylic sheet as our platforms due to its strength, which does not 

bend as the stepper motor is placed on it. This platform will move along the side of the box to 
prevent it from rotating itself while the stepper motor is working. 

 
 

Figure 3.8 Free platform. 
 

3.2.4. FIXED PLATFORM 
 

Acrylic sheet is convenient to customize and drill to install the ball screw nut that allows 
the screw shaft to move pass, which will remain fixed in place as a strong foundation.  
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Figure 3.9 Fixed platform. 
 

3.2.5. ASSEMBLE ALL MACHINE FRAME COMPONENTS. 
 
 We assembled all the components inside the wooden box by inserting the fixed platform 
and gluing it to the end of the wooden box platway. Next, we carefully screw the leadscrew onto 
the screw shaft of the fixed platform and insert the free platform with the motor. Lastly, insert a 
load cell to the bottom of the box.  
 

 
 

Figure 3.10 Assemble all the hardware components. 
 

 
3.3. ASSEMBLY ELECTRONICS PART 
 

3.3.1. STRAIN GAUGE LOAD CELL 
A load cell is an electromechanical transducer that is designed for converting applied 

tensile force, compressive force, or pressure into an electrical output signal proportional to the 
magnitude of the input. 
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 The strain gauge elements of a load cell are often arranged in a Wheatstone bridge 
configuration. Load cells are widely used in industrial and commercial projects to measure force 
and weight. We have used a load cell with a maximum capacity of 200 kg. then placed one side 
of the load cell on the acrylic plate and fixed it in position by tapping screw on the frame layered 
with acrylic plate.  
 

3.3.2. HX 711  
 

The Load cell generates electrical signals in millivolts which are too low to use directly, 
therefore, an amplifier called HX711 is required to increase their strength. The HX711 module 
amplifies the weak electrical output of Load cells and converts it into a digital signal that can be 
fed into the Arduino. 

We connected the HX711 with the Load cell using four wires. Below are the connection 
details and diagram (Figure 33.) [15]. 

Red Wire of Load Cell is connected to E+ of HX711. 

Black Wire is Load Cell connected to E- of HX711. 

White Wire is Load Cell connected to A- of HX711. 

Green Wire is Load Cell connected to A+ of HX711. 

3.3.3. ARDUINO UNO 

Arduino is a microcontroller platform that can be programmed to control the application 
of forces and measure the resulting electrical signals in viscoelastic properties testing. The 
Arduino can also display the deformation data in real-time and plot as a graph. This allows the 
detailed analysis of the material's viscoelastic properties, including creep and stress relaxation 
over time. 

  We connected the HX711 amplifier with the Arduino. The Arduino is programmed to 
apply a controlled force to the upper of the one side of the load cell that floats in the air and 
measure the corresponding electrical signals from the load cell. Below is the connection detail 
and diagram (Figure 33.) [15]. 

VCC of HX711 is connected to 5V of Arduino Uno 

GND of HX711 is connected to GND of Arduino Uno 

SCK of HX711 is connected to A2 of Arduino Uno 

DOUT of HX711 is connected to A3 of Arduino Uno 
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Figure 3.11 Circuit Diagram of Strain Gauge Load cell with HX711 and Aruduino[61]. 

 

3.3.4. STEPPING MOTOR   

A stepper motor converts electrical power into mechanical power that requires a lead 
screw to control. It will be connected to the screw to create a compression by a coupling to 
generate a compression mechanism. A screw will be compressed to 10%, 20%, 30% of 
PDWHULDO¶V�WKLFNQHVV�WR�ORDG�IRUFH�WR�WKH�WHVWLQJ�PDWHULDO�DQG�ZH�FDQ�DGMXVW�WKH�GLVWDQFH�EHWZHHQ�
the upper side of the load cell and lower side using a sensor. We connected the stepping motor 
and the L298N motor driver to generate the control.  

A+ of Stepper motor is connected to the OUT1 of L298N  

A- of Stepper motor is connected to the OUT2 of L298N 

B+ of Stepper motor is connected to the OUT3 of L298N  

A- of Stepper motor is connected to the OUT4 of L298N  

 

Figure 3.12 Motor and Driver assembly [61]. 
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IN1 of L298N is connected to 8th digital pin of Arduino  

IN2 of L298N is connected to 9th digital pin of Arduino  

IN3 of L298N is connected to 10th digital pin of Arduino  

IN4 of L298N is connected to 11th digital pin of Arduino  

+12V of L298N is connected to 12V DC function generator  

GND1 of L298N is connected to 12V DC  function generator   

GND2 of L298N is connected to the GND pin of Arduino  

3.3.5. DISPLACEMENT SENSOR 
 

 A displacement sensor is a device for measuring the distance between two points by 
using laser ranging technology. In this study, we used the sensor to measure the compression 
distance of the material by attaching it near the compression platform on the box, allowing us to 
monitor the displacement as the material is pressed. 
 
VCC of VL6180X is connected to the 5V pin of Arduino  

GND of VL6180X is connected to the GND pin of Arduino  

SDA of VL6180X is connected to the A4 pin of Arduino  

SCL of VL6180X is connected to the A5 pin of Arduino  

 
Figure 3.13 VL6180X Laser ranging assembly [62]. 

 
3.3.6. ASSEMBLE PART 

7KH�$UGXLQR� FRQQHFWV� WR� DOO� RI� WKH�PDFKLQH¶V� HOHFWURQLFV� FRPSRQHQWV�� LQFOXGLQJ� WKH�
motor, load cell, displacement sensor and button. This means that all of the components are 
wired to the Arduino. To prevent wiring confusion, we assembled all the electronic components 
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inside the box, placing the driver and Arduino in the outer space of the frame. Additionally, the 
displacement laser ranging sensor is situated in a separate box to accurately measure the 
distances.  

 

Figure 3.14 Machine Assemble. 

3.4. MATERIAL PART 
 

3.4.1. FOAM ERASER 

We used a foam eraser as our testing material because the foam erasers are viscoelastic 
materials [63]. We cut the eraser into dimensions as follows (Table 3.1, 3.2, 3.3).  

Table 3.1 Dimension of the test material of the c-clamp. 

 Length (mm) Width (mm) Height (mm) 

10% 
(1.26 mm) 

10.80 
 

11.50 12.65 

20% 
(2.52 mm) 

10.94 9.16 12.61 

30% 
(3.81 mm) 

9.78 10.72 12.69 

 

Table 3.2 Dimension of the test material of the assembly machine  

 Length (mm) Width (mm) Height (mm) 

10% 
(1.01 mm) 

9.80 
 

12.30 10.10 

20% 10.20 12.30 9.90 
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(1.98 mm) 

30% 
(2.97 mm) 

10.30 12.20 9.90 

 
Table 3.3 Dimension of the test material of the commercial machine. 

(Commercial testing) Length (mm) Width (mm) Height (mm) 

10% 
(1.25) 

10.90 12.50 9.10 

 
3.5. CODING  

 
We present an Arduino program that facilitates the calibration and measurement of 

weight through interfacing with an HX711 load cell amplifier and weight sensor. The program 
includes the definition of pins for HX711 data output (DOUT) and clock input (SCK) lines, 
which allows for accurate measurement of weight. The main objective of the program is to 
calibrate the weight sensor, which can be initiated through the reception of serial input 
commands (a, b, c). Upon receiving command 'a', the program executes the "Find Zero Factor" 
function, which sets the scale to zero and reads the average output to determine the zero factor. 
Command 'b' triggers the calibration factor, which adjusts the factor until the measured weight 
matches the known weight. Finally, command 'c' triggers the reading function, which displays 
the measured weight on the serial monitor [64]. Through the implementation of this program, 
we aim to enable precise weight measurements and accurate calibration for future progress of 
our field.  
 The code is designed to measure weight using a load cell and display the results through 
a serial monitor. Prior to measurement, the load cell is calibrated by entering a calibration factor 
to the code and the zero factor values to adjust the scale for the measurement code [64]. To 
compress the material and create data, we use a stepper motor controlled by two two-pin buttons 
on the breadboard. This button enables us to move the motor both clockwise and 
counterclockwise, allowing us to compress and unload the materials on the platform.  
 In addition, we aimed to create a graph of a viscoelastic model using the data acquired 
from the load cell. To accomplish this, the data was uploaded to Excel through Arduino. 
Specifically, we connect the communication port to establish a real-time serial communication 
GDWD�VWUHDP�EHWZHHQ�WKH�$UGXLQR�DQG�([FHO¶V�GDWD�VWUHDPHU�>��@��%\�GRLQJ�WKLV��ZH�ZHUH�DEOH�WR�
visualize the data as a graph and apply a viscoelastic model to analyze the data.  
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CHAPTER 4 
EXPERIMENTAL RESULT 

 
In the previous chapters, we describe detailed design and assembly procedure of the 

machine system. In this chapter, we present the results of our experimental testing, 
demonstrating the machine capability to characterized viscoelastic properties. This chapter 
begins with a focus on force sensors, first using a c-clamp and followed by assembly of the 
lead screw mechanism results. The results are presented graphically with a division of each 
part.   

We tested the mechanical capability by using an eraser as a testing material due to 
its property of viscoelastic. The machine uses the mechanism of a lead screw with a motor 
to compress the materials. We conducted strain testing at levels of 10%, 20%, and 30%. The 
corresponding maximum stresses obtained were 0.851 kPa, 0.224 kPa, and 2.368 kPa, 
respectively. This shows that the force decreases over time. However, at 30% strain the 
testing machine fractured after starting shortly, so stress relaxation could not be observed. 

4.  
4.1. FORCE SENSOR 

 
4.1.1. Force Sensor using C-clamp  

 

 
 

       Figure 4.1 10% Strain using C-clamp.            Figure 4.2 20% Strain using C-clamp. 
 
 

 

Figure 4.3 30% Strain using C-clamp. 
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In this experiment, we conducted strain testing at levels of 10%, 20%, and 30%. The 
corresponding maximum stresses obtained were 389.399 kPa, 592.259 kPa, and 1095.702 kPa, 
respectively (Figure 37, 38, 39.). This shows that the force decreases over time. The results have 
shown that maximum stress was dependent on the level of applied strain. This was due to the 
PDWHULDO�SURSHUWLHV�RI�HODVWLF�GHIRUPDWLRQ�WKDW�IROORZV�+RRNH¶V�ODZ��7KH�IRUFH�GHFD\�REVHUYHG�
from the graph was due to stress relaxation. However, at 30% strain, too much amount of stress 
generated which significantly reduced the stress relaxation time and induced rapid material 
fracture, so stress relaxation could not be observed from this strain level (Figure 39.). It can be 
seen that the load cell assembled in this study could record the viscoelastic behavior of the 
commercial eraser. Using a c-clamp as a compressor might affect the stress obtained due to the 
inaccuracy of displacement measurement.  Therefore, it can be further developed into the 
viscoelastic property characterization device by combining with the displacement control 
system. On the other hand, mathematical equations can also be analyzed by fitting the obtained 
graph.  

 
4.1.2. Force Sensor with lead screw and motor mechanism assembly  

 
The results have shown that maximum stress was dependent on the level of applied 

VWUDLQ��7KLV�ZDV�GXH�WR�WKH�PDWHULDO�SURSHUWLHV�RI�HODVWLF�GHIRUPDWLRQ�WKDW�IROORZV�+RRNH¶V�
law. The force decay observed from the graph was due to stress relaxation.  

 

 
 

Figure 4.4 Strain 10% for 1.5 hours. 
 

When a 10% strain is applied, the material resists the deformation, and the maximum 
stress reached during this resistance is 0.851 kPa. Over time, the stress will continuously 
decrease. 

The testing described in 10% strain level demonstrates that the material exhibits 
resistance to applied deformation. In this section, we observed the maximum stress reaching 
0.851 kPa, specifying the material's capacity to withstand moderate strain. Over time, the 
stress will continuously decrease, characteristic of stress relaxation behavior. When 
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compared with the first experiment of our project this maximum stress is higher that might 
be because of lead screw accuracy and displacement sensor limitations. Lead screw is one 
significant factor to consider in accuracy. In our machine, one full revolution of the 
leadscrew compresses the materials by approximately 4 millimeters. However, we must 
acknowledge that our displacement may not be capable of accurately measuring the distance 
traveled with absolute precision. The difference in measurement accuracy could lead to 
variations of stress values. Another possible factor that may limit accuracy is the force 
applied during the compression process by stepper motor. The rotation of the press plate that 
is connected to the lead screw introduces shear stress to the materials, meaning the force that 
we applied tries to shear off the material, causing it to deform laterally. These complexities 
in the stress distribution within the material can result in differences of recorded stress value 
compared to the one obtained in the lab, where it can be controlled. All of the factors 
mentioned above could result in distortions in stress relaxation graphs generated from our 
measurements. These distortions may cause fluctuations in the data making it difficult to 
draw direct comparisons between our results from the lab. However, the result of this level 
shows the characteristic of the material graph similarly to the theoretical graph. 

 

 
 

Figure 4.5 Strain 20% for 1.5 hours 
 

 When a 20% strain is applied, the material resists the deformation, and the 
maximum stress reaches higher than 10% strain during this resistance which is 0.224 kPa. Over 
time, the stress will continuously decrease. 
 The testing described in 20% strain level demonstrates that the material exhibits 
resistance to deformation, and observed the maximum stress reaching 0.224 kPa higher than 
10% strain because when the material is subjected to a larger deformation, it resists more 
strongly and the material will show up the resist more. When compared with the first experiment 
of our project this maximum stress is much higher that might be due to the same factors as 10% 
strain level. Even at this level the result of this level VWLOO�VKRZV�WKH�FKDUDFWHULVWLF�RI�WKH�PDWHULDO¶�
graph similarly to the theoretical graph. 
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Figure 4.6 Strain 30% 
 

 When a 30% strain is applied, the material can not resist the deformation that leads 
the materials to undergo fracture (maximum stress =  2.368 kPa). 

At the 30% strain level demonstrates that the material cannot resist the deformation 
that leads the materials to undergo fracture (maximum stress = 2.368 kPa). When compared 
with the first experiment of our project this maximum stress is much higher that might be 
due to the same factors as 10% and 20% strain level but the higher the strain level, the greater 
the shear stress on the material and that might cause the fracture of material. So at this level 
the result of this level cannot VKRZ�WKH�FKDUDFWHULVWLF�RI�WKH�PDWHULDO¶�JUDSK�DV�VLPLODUO\�WR�
the theoretical graph. 

 
4.2. DISPLACEMENT SENSOR 
The displacement sensor plays an important role in providing data of the displacement-

WLPH�JUDSK��ZKLFK�LOOXVWUDWHV�WKH�PDWHULDO¶V�GHIRUPDWLRQ�GXULQJ�PHDVXUHPHQW��7KH�GDWD�RI�WKH�
displacement sensor combined with the load cell allows us to measure and analyze the 
deformation and strain trends over time. However, there may be errors to the accuracy of the 
displacement sensor, which we will discuss and analyze in this section.  
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Figure 4.8 10% Displacement sensor placement when compressed. 

 

 
 

Figure 4.9 10% Displacement-Time Curve for 1.5 hours. 
 

 The graph illustrates the measurement of deformation over time during a 10% 
VWUDLQ��,W�VKRZV�WKH�GLVSODFHPHQW�VHQVRU¶V�DELOLW\�WR�GHWHFW�DQG�GHPRQVWUDWH�WKH�GLVSODFHPHQW-
time curve. In the 10% testing, the displacement sensor is positioned on the compression plate, 
DQG�WKH�GDWD�REWDLQHG�LQYROYHV�WKH�VHQVRU¶V�UHDGLQJ�PLQXV�WKH�GLVWDQFH�IURP�WKH�ORDG�FHOO�WR�WKH�
basement and the height of the material. However, the data obtained is inaccurate due to the 
noise. The average distance from the data is -3.636 mm while the expected distance is -1.01 mm. 
This experiment result as a standard deviation of േ1.361.  
 
 The error observed was twice the expected value that the displacement sensor 
should have been measuring. Its inaccuracy might also be due to the inability to calibrate, 
resulting in a difference between the expected displacement and the actual measurement affected 
by the error. Moreover, the placement of the sensor could create fluctuations in the values, which 
change rapidly due to the surface it measures. This occurs as the compression plate is on rotation 
while the motor compresses the test material as shown in the (Figure 4.10).  
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Figure 4.10 20% Displacement sensor placement. 

 
 

 
Figure 4.11 20% Displacement sensor placement when compressed. 

 
 

 
 

Figure 4.12 20% Displacement-Time Curve for 1.5 hours. 
 
 This graph shows the measure of deformation over time during the 20% strain is 
applied. The graph is able to detect the deformation which results as displacement-time curve. 
In the 20% testing, the displacement sensor is positioned on the additional box which remains 
VWHDG\�VWLOO��7KH�GDWD�REWDLQHG�LQFOXGHV�WKH�VHQVRU¶V�UHDGLQJ�VXEWUDFWHG�IURP�WKH�GLVWDQFH�RI�WKH�
box of sensor placement and the materials (Figure 4.10 and 4.11). The data pressed should be -

This material is reserved for educational use only, not allowed for commercial use. 

Forbidden to modify the content, and cite the document when use. 



 

39 
 

1.98 mm but the average displacement is -2.266 mm with a standard deviation of േ1.570.  
 The error observed in this experiment is lower than the 10% strain experiment, with 
an approximate difference of only 0.2 mm between the expected value and the measured value. 
This can be shown that the position the displacement sensor was placed is significant and can 
contribute to reducing measurement errors. However, even with improved positioning, there are 
some fluctuations in the values, which might be influenced by external factors and contribute to 
noises in the data.  
 

 
 

Figure 4.13 30% Displacement-Time Curve. 
 

 This graph shows the measure of deformation over time during the 30% strain. 
However, at a 30% strain level, the amount of generated stress exceeded the capacity, causing 
an overload which meant the motor was not able to compress the materials. Moreover, the data 
fluctuates more compared to the previous graphs due to the bending of the platform caused by 
WKH�PRWRU¶V�LQDELOLW\�WR�RYHUFRPH�WKH�H[FHVVLYH�IRUFH��7KH�DYHUDJH�RXWSXW�UHFHLYHG�LV�������PP�
which indicates that the machine was unable to determine the displacement under 30% strain 
condition.  
 

4.3. Commercial Machine   

 
 

Figure 4.14 Strain 10% for 1.5 hours of commercial machine. 
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The graph obtained through testing using a commercial machine shows the 

theoretically expected stress relaxation characteristics. The maximum stress obtained in 10% 
strain was 0.937 kPa. In contrast, the graph generated by our assembled machine showed a 
maximum stress of 0.851 kPa as shown in (Figure 4.14). This indicates that our machine is 
capable of effectively demonstrating the viscoelastic properties of the material under stress. 
However, there are factors such as friction and shear stress, which can influence the materials 
response in multiple directions.  

 

 
 

Figure 4.15 10% Displacement-Time Curve of commercial machine. 
  

The displacement-time curve of a commercial machine demonstrates the 
theoretically ideal stress relaxation deformation graph. The average displacement obtained 
is -1.248 mm. However, the 10% assemble machine obtained -3.637 mm. This shows that 
the displacement of the assembly machine requires improvement due to the maximum stress 
REWDLQHG� LV� FORVH� WR� WKH� FRPPHUFLDO� PDFKLQH¶V� YDOXH�� 7KH� DVVHPEO\� PDFKLQH¶V� VHQVRU�
fluctuates at all times compared to the commercial machine which can affect the precision 
of the graph and data. Still, it is costly to get a high accuracy measurement displacement 
sensor at the laboratory scale.  
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CHAPTER 5 
CONCLUSION 

 
In this chapter, we begin by summarizing the capabilities of the load cell, stepper motor, 

displacement sensor, lead screw mechanism and other components in the context of in vitro 
viscoelastic testing machines. Next, we present several key conclusions based on the experiment 
FRQGXFWHG��)LQDOO\��ZH�GLVFXVV�RXU�SODQV�IRU�IXWXUH�ZRUN�DQG�KRZ�ZH�DLP�WR�HQVXUH�WKH�PDFKLQH¶V�
accuracy in laboratory scale. 

 
5.1 Conclusions 

In conclusion, the aim of this project was to characterize the viscoelastic properties of a 
material. We achieved this by designing and implementing a system consisting of a load cell, 
stepper motor, lead screw, displacement sensor, and a control system to generate a stress 
relaxation graph in each strain level (10%, 20%, 30%). The test in stress relaxation, our result 
graphs in each strain level similar to ideal theoretical graphs but depends on resolution of each 
component. The differences between our measurements and from a controlled laboratory setting 
can be attributed to several factors such as leadscrew accuracy, displacement sensor limitations, 
and the complexity of force application. These factors need to be considered for future 
adjustments of improving the accuracy and reliability of our stress measurements. 

However, in Maxwell's model testing stress relaxation, we can detect the characteristic 
of viscoelastic properties of a material, the result graphs come out similar but not in the same 
trend as ideal theoretical graphs. 
 
5.2  Future Work 

We consider the performance and discuss errors in each component that the 
implementation has highlighted. While the results provide the material's behavior, It is important 
to acknowledge that errors in the assembly part, such as inaccurately in the force applied from 
the stepper motor or position of displacement sensor placed, may cause the inaccuracy of the 
results. 

This suggests that it has the potential to be further developed into a device for 
characterizing viscoelastic properties when combined with a more effective displacement 
control system and careful calibration and we need to repeat the experiment to ensure our 
result. Additionally, mathematical equations can also be analyzed by fitting the obtained data.
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