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Abstract—Prosthetic robot arms have been an alternative replacement for upper limb-related disability, especially among children as 

it helps them perform regular activities such as holding tools, eating, and drinking. This research aims to develop a 3D prosthetic robot 

arm using SolidWorks and 3D printer, using a low-cost and straightforward mechanism for children. This paper proposes a close loop 

control system with position control for the prosthetic robot arm to achieve an appropriate grasping force focusing on solid-shaped 

objects using PID control. The PID controller controls the system's response to perform in the most efficient path. Force-sensitive 

resistors (FSR) are attached to all fingers to measure the grasping force acting on objects with different surfaces, dimensions, and 

weights. The controller results showed improvement in the overshoot percentage of 0.902%, as overshoot is essential in preventing the 

grasped object's deformations. The analysis of the experiment shows that the mean grasping force and static coefficient friction of each 

object are different regardless of the material the object is made of and the object's mass. For example, a cube-shaped object made of 

wood requires 0.5288 N of grasping force to grasp the object firmly compared to a plastic-made cube that only requires 0.3245 N to 

hold the cube. On the other hand, the static coefficient friction for the wood cube is 3.1708 and 0.4725 for the plastic cube. Further 

research can be done by designing the prosthetic robot arm with independent motorized and multi-degree movement of fingers. 
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I. INTRODUCTION

Recent years have seen a rise in cases seeking support for 
physical disabilities by individuals suffering from permanent 
impairment or loss of limbs due to trauma, injury, and 
congenital conditions [1]. According to the WHO, 2.4 million 
of 3 million upper limb patients are middle class [2]. This 
prediction suggests that around 160,000 of the current 32 
million Malaysian population need prosthetic or orthotic 
equipment. In Malaysia, the prevalence of amputations has 
risen, with many significant service components that offer 
aspects such as service interference that meet the increasing 
demand. However, there are barriers to providing prosthetic 
services in Malaysia from multiple elements, such as the 
financial burden of obtaining prosthetics and the lack of 
expertise in producing quality prostheses. Prosthetic 
equipment is a widely used instrument in modern technology 
[3], especially in medicine and the healthcare system. Robotic 
prostheses have a high market value today [4], and most 

research is being developed in this field. In the last decade, 
academia and industry have come with significant research to 
advances in technology use, such as the implementation of 
deep learning, embedded controllers, brushless motors, and 
lithium batteries to increase the performance of the prosthetic 
device. The prosthesis is divided into serval types [5]. The 
primary type is myoelectric, endoskeleton, exoskeletal, and 
body-driven prosthesis. A myoelectric prosthesis uses 
biological signals to shift the prosthetic limb. Electrodes are 
applied to the muscle [6] to monitor the action potential, and 
sensors are designed to receive electrical alerts inside the 
fabricated socket. 

Children's prosthesis needs are problematic regarding 
children's growth rates, where access to prostheses 
significantly impacts psychosocial development [7]. 
Although existing device supports cosmetics, consumer 
features are not available to children due to high prices from 
a low-income[8] family or developing country cannot afford 
beyond a prosthetic robot arm installed with simple grippers, 
insurance plans, medical availability, and their perceived 
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reliability [9] and control complexity. Although there is rapid 
growth in the 3D [10] prosthetic industry, there are no proper 
guidelines and overview of all prosthetics designed and 
printed. Most scientific research [11] ongoing in upper limb 
3D prostheses is done by trial and error, where the obstacle is 
to design a 3D prosthetic that is identical in terms of the 
weight and size of the replaced limb [12]. Evidence of the 
existing functional performance of the 3D prosthetic robot 
arm from customers is lacking in rating the prosthetic.  

Numerous prosthetic robot arm that is available does not 
have the regenerative potential of a real human hand [13], and 
the intricate interplay of intuitive motor control, 
proprioception, and touch that is the hallmark of human upper 
limb function has yet to be discovered. The main problem in 
performing a stable grasp [14] of a prosthetic robot arm is 
real-time detection of an object slippage during grasping with 
a small motor tends to overdamp the hand and increase the 
time of hand opening. An accurate grasping force like a 
human finger cannot be achieved, although plenty of 
decoding methods were being used [15] and tested to prevent 
slippage of the grasped object. Even if this decoding method 
feedback can simulate a real-human hand [16], the time delay 
of grasping an object would be longer than the nature hand 
[17]. Although there are many prosthetics available, there is 
still a significant gap compared to human hands due to the 
absence of a feedback system [18] in prostheses compared to 
humans, where it has numerous sensory receptors that as 
feedback to the central nervous system [19] while the 
prostheses only operate in open loop system without feedback. 
Most prostheses do not restore sensory feedback like tactile 
sensors or sophisticated control [20]. 

II. MATERIAL AND METHOD  

A. Proposed Design and Components 

The design of the children's prosthetic robot arm is 
obtained from the previous study [21]. The research designed 
children's prosthetic robot arms using Styrofoam material. 
The dimension of the prosthetic robot arm designed in this 
research is in Fig 1. The overall design of the hand is in Fig. 
1. The design of the 3D prosthetic robot arm is converted to 
an STL file and printed using Creality software. The material 
used to print is PLA, which is light in weight. Fig.2 shows the 
prosthetic robot arm’s fingers, Fig.3 shows the forearm piece 
of the prosthetic robot arm, and Fig.4 shows the palm piece of 
the prosthetic robot arm previously designed in SolidWorks.  

 

 
Fig. 1  Overview of the prosthetic robot arm 

 
Fig. 2  Fingers of the prosthetic robot arm 

 

 
Fig. 3  Forearm piece of the prosthetic robot arm 

 

 
Fig. 4  The palm piece of the prosthetic robot arm 

B. Components 

Table 1 shows the list of the components that is suitable for 
installation in the prosthetic robot arm. The details of each 
component are as below. 

TABLE I 
DETAILS OF COMPONENTS WITH SPECIFICATION 

Devices Specification 

FSR Sensor  

 
 

i. Shape:   Flexible 
ii. Output signal: analog 
iii. Pressure induction range: 

10 g-1000 g 
iv. Size: 5mm*20mm / 

0.197in*0.787in 

Servo Motor 

 

i. Speed (sec/60deg): 
0.10/4.8V 

ii. Torque (Kg-cm): 10/6V 
iii. Size (mm): 40.7mm x 

19.7mm x 42.9mm 
iv. Rotation angle: 180 degree 
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Devices Specification 

Arduino Mega 2560 

 

i. ATmega2560 
ii. Operating Voltage: 5V 
iii. Input Voltage 7-12V 
iv. Digital I/O Pins: 54 
v. Analog Input Pins: 16 

Lipo Battery  

 

i. Capacity: 1100mAh 
ii. Continuous discharge rate: 

25C 
iii. Voltage: 11.1V 
iv. Weight: 85g 

1) Arduino Mega 2560: The Arduino Mega 2560 is a 
microcontroller board based on the ATmega2560. It has 54 
digital input/output pins (15 can be used as PWM outputs), 16 
analog inputs, 4 UARTs (hardware serial ports), a 16 MHz 
crystal oscillator, a USB connection power jack, an ICSP 
header, and a reset button [22]. It contains everything needed 
to support the microcontroller; simply connect it to a 
computer with a USB cable or power it with an AC-to-DC 
adapter or battery to get started. The Mega 2560 board is 
compatible and flexible [23], with most shields designed for 
the Uno and the former boards, Duemilanove or Diecimila. 

 
Fig. 5  Arduino Mega 2560 

2) FSR Sensor: A force sensor can be installed at the 
fingertip to detect the amount of force the servo motor applies 
on the grasped object [24] to prevent slipping. The sensor's 
resistance decreases as the pressure on the film increase. The 
pressure sensing range of the sensor is 10 g to 1 kg, and the 
thickness of 0.255 mm, which is suitable to be installed on the 
area [25] of the fingertip of the prosthetic robot arm. The FSR 
needs to calibrate with a voltage divider circuit, as in Figure 
7, before achieving an accurate measurement.  

 
Fig. 6  FSR sensor 

 
 

 
Fig. 7  FSR calibration circuit 

 

3) Servo Motor Tiny and lightweight with high output 
power. The servo can rotate approximately 180 degrees (90 in 
each direction) and works just like the standard but more 
miniature [26]. It is suitable to make stuff move without 
building a motor controller with feedback [27] and a gearbox, 
especially since it fits in small places. It comes with three 
horns (arms) and hardware.  

 
Fig. 8  Servo Motor 

4) Lipo Battery: The most successful product in battery 
technology production, the lithium-ion (LiPo) battery has the 
most established used battery for all general purposes [28]. A 
rechargeable 11.1 V, 1100 mAh LiPo battery is suitable [29] 
to be used as the power source of the prosthetic arm as the 
Arduino. The servo motor only requires an input power 
supply of less than 10 V. A fully charged LiPo battery 
chargers up to 12.6 V with the maximum rate of discharge of 
25 C, and LiPo batteries are light in weight, 100 g, and 
rechargeable as it is easy to install and recharge. 

 
Fig. 9  Lipo-Battery 

 
The maximum operating hours of the battery, the capacity 

of the battery and the total amount of current from the 
connected load must be determined. As in this research, 
Arduino Mega with 200 mA and the servo motor with 250 
mA current are supplied from the battery with a 2200 mAh. 
To determine the operating hours,��������  the equation (1) 
can be used to estimate the hours of operating:  
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 (1) 

It can be formulated as below by substituting the details of 
the load. 

 �������� � ���� ���
��� ������ ����� �� (2) 

 �������� � 2.056 (3) 

 �������� � 2 hours 3 minutes (4) 

The operating hours of the battery with maximum 
continuous load current are 2 hours 3 minutes, as estimated 
from the equation above. 

C. Mathematical Modelling 

According to a previous study, the force from the servo is 
applied toward the fingers' flexion movement, where the 
hand's behaviour is compared to the simplified cantilever 
beam model. The study resulted in two equations of actuator 
applied force and reaction force as below. 

 +� � ,-∗�∗/0

�∗1∗
  (5) 

where: 
+� tension on the tendon   Nm34 
5�  force due to the tension on the string  N 
ℎ   radius of the shaft to the tendon   m 
7   length of the string   m 
8   Young's modulus of the material  Nm3� 
9  The second moment of the area  m: 

 +� � ;<∗/=

>∗1∗
 (6) 

where: 
+� Force detection due to reaction force N 
?� Total force of actuator and reaction force N  
 
By solving equations (2) and (3), it can be obtained as below. 
 

 ?� � >∗,-∗�
�∗
  (6) 

where: 
FA Fingertip force  N 

1) Control System: Figure 10 shows the proposed 
controller in this work. The desired angle position is the 
controller's input, and the finger flexion angle is the output. A 
PID controller is used to tune the controller as Kp, Ki, and Kd 
gains can be adjusted for the system's optimum operations. 
The PID controller consists of three parts: proportional, 
integral, and derivative. 

 
Fig. 10 Block diagram of the prosthetic robot arm 

The proportional is for removing a large amount of error in 
the system. The necessary action is to reduce the steady-state 
error or offset. The derivative functions are to reduce the 
system's overshoot. The PID equation is as below: 

 

 BCDE �  FG  HICDE J 4
KL

 M ICDEND J OP
Q �C�E

Q� R (8) 

where:  
BCDE control signal   
ICDE error signal 
FG  proportional gain  
OS  integral time 
OP  derivative time  

2) Mathematical Modelling of Servo motor: The electric 
motor block in Simulink is used to replace the servo motor as 
there is no servo motor block in Simulink. However, the 
equation inside the block is modified according to the servo 
motor transfer function as in Equation 9. 

 TCUE
V�CUE � W<X

CU∗Y�ZE[ C\]^^∗U0E�_,]^^ ∗U`a�b∗W<X∗Wca (9) 

where: 
R armature resistor   Ω 
L armature inductance  H 
Fd constant of back voltage  V  
e�(s) applied armature voltage   V  
θ(s)  motor position (angular)  rad 
f�,,  moment inertia motor   kg*g� 
5�,,   coefficient viscous motor and load   N*m*s 

3) FSR Sensor: The force value from the FSR sensor, ?h 
is compared at the summing point with a signal generator and 
force control model to measure the applied force on the object 
by grasping the fingers. The model measures the grasped 
force value of the FSR sensor value and the servo motor force 
value. The Equation as below 

 ∆? �  ?j��Uk  (10) 

There is five FSR sensor attached to each finger of the 
prosthetic robot arm. To calculate the FSR resistance value in 
Newton, first the supply voltage, eGG and analog voltage, el  
need to be determined as the supply voltage for the FSR 
sensor is 5V, and analog voltage is based on the sensor output 
when there is a contact on the sensor surface. A voltage 
divider circuit, a pull-down resistor, R of 10k ohm, is placed. 
The equation of the voltage divider is as below. 

 ?mn oIpqpDrstI � CCVuu3Vv E∗ZE
Vv

 (11) 

The conductance of the sensor is calculated based on the 
FSR resistance as the conductance G is reciprocal to the 
sensor's resistance. 

 w � 4
;xZ ��USU��hG� (12) 

The coefficient of friction is determined by the grasping 
force for each object that is grasped by the hand. The friction 
ratio is labeled as static coefficient friction, as in Equation (9). 

 µU � ;<
�.z (13) 

where: 
µU static coefficient friction   
?�  total force of actuator and reaction force  N 
m  mass of grasped object  kg 
g gravitational force  m s3� 
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D. Selection of Grasped Objects 

There is various grasping type for lifting an object. 
Therefore the suitable type is selected based on the shape of 
an object referred to in the journal by [30]. The prosthetic 
robot arm is developed for children; hence, children's 
common objects in daily life are used in the experiment 
testing. The list of the object that is grasped is in the figures 
below.  
 

 
Fig. 11  Solid wood made regular-shaped objects 

 

 
Fig. 12  Solid plastic made regular shape objects 

 

 
Fig. 13 Random objects 

 
Fig.11 shows solid regular shape objects made of wood, 

and Fig.12 shows plastics made of solid regular shape objects. 
Both types of objects are used in the grasping experiment. On 
the other hand, Fig.13 shows random objects with random 
object-made material used in the grasping experiment. The 
solid and plastic objects' mass is in TABLE II below. 

TABLE II 
DETAILS OF OBJECTS WITH MASS 

Part Mass (g) 

Puzzle Piece 54 

Cylinder container 70 

Mini Book 107 

Solid Cube 34 

Plastic Ball 3 

Duck Toy 8 

Plastic Cube 7 

Plastic Cylinder 11 

Plastic Hexagon 23 

Plastic Pyramid 14 

Plastic Rectangular 10 

Plastic Square 6 

Wood Cube 17 

Wood Cylinder 17 

Wood Hexagon 32 

Wood Pyramid 13 

Wood Rectangular 26 

Wood Square 18 

III. RESULTS AND DISCUSSION 

A. Construction of 3D Printed Prosthetic Robot Arm 

The designed model in SolidWorks is then printed using a 
3D printer. The thumb, index, middle, ring, and ring finger 
are printed using PLA material which took 28 hours of total 
printing time. The right palm required a total of 32 hours of 
total printing time. The fingers are connected internally using 
nylon strings of 0.7 mm diameter. The nylon-string flows 
through the fingertip to the palm and the servo motor shaft, 
which is knotted with the knob. Two servo motor of stall 
torque 8.5 Nm is placed on the forearm of the prosthetic robot 
arm. Table III shows the dimension of the thumb, index, 
middle, ring, pinky, palm width, and forearm width are 5 cm, 
7 cm, 9 cm, 8 cm, 7 cm, 8 cm, and 8.5 cm, respectively. 

TABLE III 
DIMENSION OF THE PROSTHETIC ROBOT ARM 

Part Dimension (cm) 

Thumb 5 

Index Finger 7 
Middle Finger 9 
Ring Finger 8 
Pinky Finger 7 
Palm  8 
Forearm 8.5 

 

 
Fig. 14  Printed right-hand fingers 

 

 
Fig. 15  Printed right-hand palm 

 

 
Fig. 16  Fully assembled 3D prosthetic robot arm 

 

 
Fig. 17  3D prosthetic robot arm with FSR sensor attached 
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B. Controller  

The MATLAB'S Simulink system resulted in the controller 
response as in the graph below: 

 

 
Fig. 18 Step Plot of the system 

 
The graph above in Fig 18 shows the step plot of the PID 

response system. The tuned has a slower rise time than the 
block, but the settling time requires extra time compared to 
the block settling time. 

TABLE IV 
STEP RESPONSE PARAMETERS OF THE TUNED AND BLOCK CONTROLLER 

Parameters Rise time 

(s) 

Overshoot 

(%) 

Settling Time 

(s) 

Tuned 1.04 0.902 9.18 
Block 1.72 7.79 24.3 

 
Based on Table 4 above, the tuned PID application shows 

better results than the block PID, especially in rise time and 
overshoot parameters. In this research, overshoot is the most 
concerning parameter that needs to be considered for grasping 
objects by the prosthetic robot arm—higher overshoot results 
in over grasping force than the actual optimum force required 
to grasp an object. The grasped object is deformed during 
grasping. As for this research, overshoot is the most 
concerning parameter. High overshoot provides a more 
significant grasping force as the prosthetic robot arm may 
deform or crush the grasped object [31].  

C. Experiment with Grasping Objects 

Fig.19 shows (a) a random cube object that has been 
grasped, (b) a plastic ball that is grasped, (c) a plastic made 
hexagon shape solid object, and (d) a wood made cylinder 
shape solid object. 

 

  
(a) (b) 

  

  
(c) (d) 

Fig. 19 (a) cube; (b) plastic ball; (c) hexagon; (d) cylinder 
 

The grasping experiment is categorised into three 
experiments: 

 Different shapes with different weights (random 
objects) 

 Same material with different shape  
 Same shape with different mass 

In experiment 1, random solid objects with random mass 
were grasped. In experiment 2, objects with the same material 
but different shapes are grasped for plastic and wood. For 
experiment 3, objects with the same shape with different 
masses are grasped. Solid objects with the same shape but 
different masses are obtained to counter the same condition 
shape but different manufacturing materials. The two groups 
of solid objects are made of plastic and wood. In general, 
wood is higher in mass compared to plastic materials there. 
The weight of the solid object is different, although the object 
has the same shape and dimension. Each experiment is carried 
out for ten repetitions set to measure the mean grasping force 
by the FSR sensor and the mean static coefficient friction of 
the object. 

D. Experiment 1  

Table V shows the grasped objects grasping force. The 
highest mean grasping force was 1.3397 N for the object of 
70g container. The lowest is the solid cube with 0.45775 N. 
Each object is grasped with various fingers as it depends on 
the object's physical size. For example, to grasp the puzzle 
piece, only two fingers are required as the puzzle piece size is 
smaller than the cylinder container that requires all five 
fingers to grasp. Figure 20 shows the graph of grasping force 
versus the objects. In the figure, the mean coefficient friction 
is different from one object to another as the coefficient 
friction is inversely proportional to object mass. 

TABLE V 
GRASPING FORCE DATA OF EXPERIMENT 1 

Object 
Mass, 

(g) 
Mean Total 

Grasping 

Force, (N) 

Mean Static 

coefficient 

friction, {| 

Puzzle Piece 54 0.5434 0.10258 
Cylinder container 70 1.3397 0.1951 
Mini Book 107 0.8459 0.08059 
Solid Cube 34 0.45775 0.13724 
Plastic Ball 3 0.7155 2.4336 
Duck Toy 8 0.4917 0.62638 

 

 
Fig. 20 Grasping force (N) vs type of objects 
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E. Experiment 2 

Table VI shows the mean total grasping force and static 
coefficient friction of overall plastic shape objects. The mean 
total grasping force range is between 0.3000 N to 0.5000 N 
for plastic shape regular objects. On the other hand, in Figure 
21, the mean static coefficient friction ranges from 0.4500 to 
7.500. Each object has its static friction value as it is inversely 
proportional to the mass of the object. 

TABLE VI 
OVERALL DATA OF PLASTICS MADE OBJECTS 

Object 
Mass, 

(g) 

Mean Total 

Grasping 

Force (N) 

Mean Static 

coefficient 

friction, {| 

Cube 7 0.3245 0.4725 
Cylinder 11 0.3333 3.0884 
Hexagon 23 0.3920 1.7373 
Pyramid 14 0.4897 3.5656 
Rectangular 10 0.4987 5.0834 
Square 6 0.4257 7.2317 

 

 
Fig. 21 Mean grasping force versus plastic object shapes 

 

Table VII shows the mean total grasping force and static 
coefficient friction of overall wood made shape objects. The 
mean total grasping force range is between 0.3000 N to 
0.7000 N for plastic shape regular objects.  

TABLE VII 
OVERALL DATA OF WOOD MADE OBJECTS 

Object 
Mass, 

(g) 

Mean Total 

Grasping Force, 

(N) 

Mean Static 

coefficient 

friction, {| 

Cube 17 0.5288 3.1708 
Cylinder 17 0.4711 2.8248 
Hexagon 32 0.4339 1.3823 
Pyramid 13 0.5058 3.9657 
Rectangular 26 0.6388 2.5044 
Square 18 0.3363 1.9048 
 
On the other hand, in Figure 22, the mean static coefficient 

friction ranges from 1.0000 to 4.000. Each object has an 
independent static friction value as it is inversely proportional 
to the object's mass. 

 
Fig. 22  Mean grasping force versus wood made object shapes 

F. Experiment 3 

Table VIII shows the collected data of objects with the 
same shape with different masses. The results proved that 
objects made of made wood required higher grasping force 
than plastic-made objects as large grasping is necessary to lift 
the objects compared to plastic made objects are less heavy in 
mass than wood made objects. Figure 23 shows the grasp 
force versus objects. The comparison showed that each object, 
despite its made material, has different static coefficient 
friction. For example, the plastic made cube's static 
coefficient friction is 0.475, but for the wood made cube is 
3.1708. Each object has an independent static friction value 
as it is inversely proportional to the object's mass. 

TABLE VIII 
OVERALL DATA FOR THE SAME OBJECT WITH DIFFERENT MASS 

Object 

Mean Total 

Grasping Force (N) 

Mean Static 

coefficient friction, {| 

Plastic Wood Plastics Wood 

Cube 0.3245 0.5288 0.4725 3.1708 

Cylinder 0.3333 0.4711 3.0884 2.8248 

Hexagon 0.3920 0.4339 1.7373 1.3823 

Pyramid 0.4897 0.5058 3.5656 3.9657 

Rectangular 0.4987 0.6388 5.0834 2.5044 

Square 0.4257 0.3363 7.2317 1.9048 

 

 
Fig. 23  Force versus objects with different mass 

0,00

1,00

2,00

3,00

4,00

5,00

6,00

7,00

8,00

0,00

0,10

0,20

0,30

0,40

0,50

0,60

Cube Hexagon Cyclinder Pyramid Rectangular Square

M
e

a
n

 F
o

rc
e

 (
N

)

Graph of Mean Grasping Force (N) vs Plastic  

Objects

Mean Total Grasping Force (N)

Mean Static coefficient friction, µs

0,00

0,50

1,00

1,50

2,00

2,50

3,00

3,50

4,00

4,50

0,00

0,10

0,20

0,30

0,40

0,50

0,60

0,70

Hexagon Square Rectangular Cyclinder Cube Pyramid

M
e

a
n

 F
o

rc
e

 (
N

)

Graph of Mean Grasping Force (N) vs Wood 

Objects

Mean Total Grasping Force (N)

Mean Static coefficient friction, µs

0,00

1,00

2,00

3,00

4,00

5,00

6,00

7,00

8,00

9,00

10,00

0,00

0,10

0,20

0,30

0,40

0,50

0,60

0,70

Hexagon Cube Cyclinder Pyramid Rectangular Square

M
e

a
n

 F
o

rc
e

 (
N

)

Graph of Mean Force (N) vs Objects

Mean Total Grasping Force (N) Plastic

Mean Total Grasping Force (N) Wood

Mean Static coefficient friction, µs   Wood

Mean Static coefficient friction, µs   Plastics

232



IV. CONCLUSIONS 

In this study, a prosthetic robotic arm is successfully 
fabricated by using a 3D printer with PLA material. The 
prosthetic robotic arm is with five fingers and connected to 
two servo motors through nylon strings. There is a limitation 
to obtaining optimal design and fabrication of the prosthetic 
robot arm. This is because the 3D printing of the prosthetic 
requires a precise design, as inaccurate dimensions and angle 
causes the 3D printer to halter in printing time. Each 
dimension and angle that merged with another part of the hand 
such as the forearm to palm, palm to finger must be accurate; 
the dimension for the installation of the robot arm will be 
perfectly matched. Else more re-designing and printing time 
will be required to overcome the in-match issue.  

Installing the prosthetic as one piece requires proper 
equipment and tools such as a soft edge player, a thin 
screwdriver. Using common hardware tools causes 
deformation of the PLA material which the hand is printed 
while placing the components into the forearm of the 
prosthetic robot arm must be placed with a certain gap. 
Placing each component, which is close to the other, will 
cause a short circuit in the hardware. Then, reducing 
overshoot is the main concern of this study, as it can deform 
grasping objects if the overshoot value is high. To prevent 
overshoot in the controller, the PID Autotuning is utilized to 
reduce overshoot to its optimal value. This study showed that 
the PID controller with tune application performs better than 
the block as the gain values can be adjusted to the desired 
optimum controller performance. The controller performs 
better in preventing the grasped object's deformation as the 
overshoot value is 0.902% compared to the previous study. 

In this research experiment, regular objects and random 
objects are grasped to measure the grasping force of the 
prosthetic robot arm. Based on the experimental results, this 
study system has successfully grasped objects and measured 
the grasping force. The difference in total grasping force is 
the result that based on the contact of the object to the FSR 
sensor in the fingertip. The amount of contact area for each 
repetition is the difference from one other. The amount of 
force of the object that is grasped by the hand varies when in 
contact with the sensor, depending on the object's position 
when grasped. For example, suppose the object has a high 
number of angles and is more dimensionally significant. In 
that case, the force acting between the object and FSR sensor 
is higher when in contact than an object with less angle and 
smaller dimension, which constrains the geometrical error 
where the fingers are limited to bend to a certain angle only. 
It is proved in the experiments below. For example, in 
experiment 1, the puzzle piece is grasped with a servo motor 
angle of 120 ˚ where the mean total grasping force measured 
is 0.5434 N. However, the mini-book experiment is grasped 
with a servo angle of 117˚, and the mean total grasping force 
is 0.8459 N. On the other hand, the cylinder container 
required the servo motor angle of 130˚ to bend the finger and 
in contact with the object, but the total amount measured is 
1.3397 N. Therefore, the grasping force depends on the 
position of the object being grasped and the amount of fingers 
in contact with the object.  

In addition, future works on this research can be done by 
designing the prosthetic robot arm with independent 
motorized and multi-degree movement of fingers and 

fabricated with various materials such as harder material 
PETG or soft and flexible material TPU. Furthermore, 
advanced sensors such as muscle or brain sensors can be 
implemented on the user to have a precise measure of signal 
from the human body to function the prosthetic robot arm like 
a real-human hand. Besides that, to realize a prosthetic robotic 
arm that has better functionality near to human’s real hand, 
experimental and simulation works related with the study of 
grasping mechanism on uneven surfaces of the grasped object 
and slippage detection on the grasped object will be executed. 
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