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Abstract 
 

Prosthetic is an artificial tool that replaces a member of the human frame that is  absent because of ailment, damage, 

or distortion. The current research activities in Iraq draw interest to the upper limb discipline because of the growth in 

the number  of amputees. Thus, it becomes necessary to increase researches in this subject to help in reducing the 

struggling patients.  This paper describes the design and development of a prosthesis for people able and wear them 

from persons who have amputation in the hands. This design is composed of a hand with five fingers moving by means 

of a gearbox ism mechanism. The design of this artificial hand has 5 degrees of freedom. This artificial hand works 

based on the principle of  under actuated system. The used motor is 6V Polulu high-power carbon brush micro metal 

gearmotor with gear ratio equal to 50:1. The motor was chosen due to its compactness and cheapness. The hand 

manufacturing process was done using  a 3D printer and using polylactic acid material. Numbers of experiments were 

accomplished using the designed hand for gripping objects. Initially, the electromyography signal (EMG) was recorded 

when the muscle contracted in one second, two seconds, three seconds. The synthetic hand was able to produce a range 

of gestures and grasping for objects. 

 

Keywords: Prosthesis, gearbox mechanism, pololu high, Solid work, 3D printing. 

 
 

1. Introduction 
 

The personal hand is an integration of 

complicated systems of tendons, stress, muscles, 

and frame. Behind a hand border, the capability of 

people to investigate and react to their ambiance. 

An unfortunate feature a compact manual ability, 

having difficulty with controlling and detecting 

objects. Physical variations, among others, will 

result in psychological problems [1]. The human 

hand has  22 degrees of freedom [2], which are 

created by 27 unique bones and 30 muscles [3]. 

Nearly thirty-five percent of the removed 

appendages are removed of arm or portion of the 

arm. Until a long time back, the advancement of 

prosthetic hand that brings back the capacities and 

steadfastness. For individuals who have removal, 

the arrangement and improvement of any 

prosthesis depend on many-sided quality of the 

body portion being supplanted and rehabilitative 

necessities of the prosthesis client. Upper 

appendage prostheses are set for those people who 

have either portion or entirety upper appendage 

nonattendance, which may either be obtained 

(through removal) or innate the prosthetic hand is 

as it were portion that can imitate the 
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developments and capacities of the human hand in 

the day by day work. C. Pylatiuk, explain a new 

experimental hand restorative design that differs 

from the typical prostheses. With the idea of 

addressing consumers’ necessities, practicality 

was increased, and the cosmetic look became 

close to the lost body part [4]. T.Maeno developed 

a five-fingered hand having around a break even 

with several  degrees of freedom toward the 

person's hand. The machine hand is decided in an 

interesting way utilizing ultrasonic engines and 

flexible parts [5]. E.Tumas.Wiste developed a 

new design to acquire a complete grasping 

taxonomy. It composed of eight required hand 

postures with the possibility of controlling them 

by EMG signals. The design consisted of an 

thropomorphic hand having five fingers with 16 

joints [6]. Rocha, made several studies deal with 

the applied forces by the hand throughout the 

griped objects in process [7]. 

T.Joseph.MS.BS.Belter, studied the mechanical 

properties of the artificial industrial hands has 

been performed. A pilot study on the impact of 

many commercially available reproductive health 

labor, including Vincent, iLimb, iLimb Pulse, 

Bebionic, Bebionic v2, and Michelangelo hands 

were reported. The design of the fingers and 

motility, the joint mechanical couple, and the 

operating methods of these artificial hands were 

commercially invested [8].  G.K.Jones studied the 

stability of the mechanical design of the primary 

hand mechanism. Also, it has appeared how the 

traditional circuit board fits within the palm, and a 

general idea of the modified manage framework is 

depicted, with potential future increases of 

amputee advice [9]. Abd Al-Sahib N. Kadhim and 

Muhammad A.M., presented a methodology to 

design and manufacture an artificial hand for 

prosthetic application. The proposed design is a 

five-finger hand with the forearm actuated by an 

under-actuated system composed of tendons and 

servomotors. The manufacturing strategy started 

by design the model using the Solidworks 

software and manufactured using the 3D printing 

technique. It possesses 15 DOF, 3DOF for each 

finger [10]. This paper study the kinematic motion 

and the method of design of a prosthesis with a 

gearbox mechanism with full function of 

movement. Manufacturing of each part in the 

prosthetic hand and assembly it and then testing 

the hand  for handling the objects were then 

conducted. The novelty of this paper include 

using the gearbox for the operating system and the 

mobility of the fingers , also includes the location 

of the DC motor in the palm of the hand. 

2. Methodology 

2.1. Geometry Design 
 

This part explains the geometry design 

procedure used to design the mechanical function 

of the prosthetic hand. The design of the 

prosthetic hand is drawn using Solidworks, since 

Solidworks is introduced, it has been a great tool 

for every engineer who is interested in design. It 

is a complete computer-aided design (CAD) 

package that offers modeling of complicated 

structure. The first part to design was the finger, 

which  consists of two parts: the distal phalange 

and the proximal phalange. The link between 

wheel gear and phalanges(proximal and distal) 

was done by using a worm wheel;when 6V pololu 

motor is powered, the distal move up and linked 

with proximal phalange. The thumb is designed to 

do different functions from any other designed 

parts, and it is driven by two 6V polou motor,  and 

it is capable for extension and flexion. The palm 

is divided into two regions; one supports each 

finger, and the location of motors is called (back 

palm).  The second part of the palm is called 

(upper palm).  These parts work in a similar 

manner to the human hand, as shown in Figure 

(1). The forearm part is designed as a base to 

support the palm and the rest of amputation. The 

wrist  is fixed and designed to join the forearm 

with palm.. All the designed parts are then 

assembled together in the Solidworks 

environment to form the final shape of prosthetic 

hand,see the figuresbelow. 

      
  

 Fig. 1. Distal finger.            Fig. 2. Proximal finger. 
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Fig. 3. Thumb motor design.    Fig. 4.Thumb mount. 

 

 

 

 

Fig. 5. Wrist design. 
 

 

 

 

Fig. 6. Palm bottom design. 

 

 

Fig. 7. Palm up rigid design. 

 

 

 

Fig. 8. Complete prosthetic hand design. 

 

 

2.2. Finger Kinematics 
 

In our kinematics model, the prosthetic finger 

comprises two connections relating to the two 

phalanges of the genuine finger. The finger is set 

with one active DOF and one passive. The active 

DOF is at the primary joint, and the other one is  

in the two joints combined with the first one. 

Denavit-Hartenberg (D-H) is generally utilized 

technique to take care of the forward kinematics 

issue, where the change in the arrangement is 

utilized to create an individual change 

demonstrating the heading and position of the 

fingertip as for palm. The finger kinematics can 

be considered in 2D kinematics lying in the X-Y 

plane. The D-H theorem contains four parameters, 
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which are: angle θ_i, the link/phalanx offset d_i, 

the link /phalanx length L_i, and the link/phalanx 

twist α_i. These four factors are utilized to figure 

the position and orientation of the fingertip. It is 

worth mentioning that the four fingers have the 

same range of rotation of joints but they differ in 

the dimensions of the phalanges (only the max 

length L_i). See the figures below for the 

parameter  in the fingers. 

 

 
 

Fig. 9. Coordinate frames of finger. 

 

 

Once the D-H outline framework has been set 

up for every link, a homogeneous transformation 

matrix will be without much of a stretch be 

produced recitation it coordinate casing the (i-1) 

coordinate casing [11]: ��=����,�.�	
���,
�.�	
���,��.����,��          …(1) 

The equation equal � � 1��= 

������ ����������� ���������� ������������ ����� ����������� �������0 ����� ����� ��0 0 0 1 �  
This equation                                                  …(2) 

D-H parameters for the fingers are shown in Table 

(1),(2). 
  

Table 1, 

D-H parameter for the finger 

Link 

no. 

Length 

Li 

Twist 

αi 

Offset 

di 

Angle 

θi 

1 L1 0 0 θ1 

2 L2 0 0 θ2 

 

Table 2, 

D-H parameter for the thumb 

Link 

no. 

Length 

Li 

Twist 

αi 

Offset 

di 

Angle 

θi 

1 L1 �/2 0 θ1 

2 L2 0 0 θ2 

 

Substituting the parameters in the above tables 

in Equation 2and referring to cos as (c) and for sin 

as (s) ��� = � �  �� = 

��!� " ��# ��!� " ��# 0 � �� " $��!� " ��#�!� " ��# �!� " ��# 0 � �� " $��!� " ��#0 0 1 00 0 0 1 � 

This equation                                                  …(3) 

 

[%�,&�,'�] = Orientation matrix of the it manage 

system traditional at connect I with deference to 

base coordinate edge. Upper left 2*2 partitioned 

matrix of T_i . Location of the vector pointing 

from origin of the base management system to the 

origin of the (�=I the coordinate system. Upper 

2*1 partitioned matrix of T_i. 

The solution for the position of the fingertip is 

found as given as : )�*�+,-./�0=� cos �1+�� cos!�1 " �2#       …(4) )5*�+,-./�0=� sin �1+�� sin!�1 " �2#        …(5) )�*�+,-./�0=0                                                  …(6) ∅=�1+�2                                                       … (7) 

 

2.3. Prosthetic Hand Manufacture 
 

The prosthetic hand was built using 3D 

printing as an active additive manufacturing, 

which is a method utilized to fabricate almost any 

computer-aided design (CAD) model using 

thermoplastics materials, such as PLA, ABS, and 

PET. This method promises customization and 

simplicity with low-cost. The application of this 

method to fabricate parts suited to address local 

needs in developing countries has become of 

interest in recent years. The application of 3D 

printing in low-income countries, primarily using 

open-source designs, holds much promise for 

delivering a whole range of desired equipment on 

demand. The technology has been used to provide 

humanitarian aid to those in need [12]. 

Each finger of the prosthetic hand is actuated 

by 6V polou motor with a gear ratio equal to 50:1 

located at the palm. The proposed plan of the 

hand and the other  parts of the hand were printed 

using the 3D printing technology. The printing 

procedure guarantees a high tall precision when it 

comes to dimension; i.e, there was not much 

contrast between the ultimate shape measurements 

and the CAD plan. As proposed, each finger is 

composed of two of these parts, which were 

connected together and fastened by pins between 

distal and proximal phalange. Figure (2) shows 

the finger in its final assembly. The palm on the 
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other side is composed of two parts as planned. 

The fingers were attached to the palm in a simple, 

straightforward way; all parts are fitted together 

without noticeable clearance. Figure (3) shows  

the final shape of the designed prosthetic hand. 

 

 
 

Fig. 10. Part of finger. 
 

 
 

Fig. 11. Palm with finger. 

 

 

 

Fig. 12. Fully prosthetic hand. 

2.4. Driving Mechanism 
 

The gears system is composed of a worm that 

engaged with a gear wheel (the worm wheel), to 

produce the rotating motion will be moved 

between 2 beams at right angles to all other [13]. 

The worm-gear mechanism is illustrated in Figure 

(13), the motor is put closer to the 

metatarsophalangeal (MCP) joint but requires the 

motor axis to be offsetted. The worm gear is 

mounted on the motor shaft to drive the gear that 

is mounted on the proximal phalangeal. Turning 

the worm gear in one way or another  will control 

the finger motion direction [14]. 

 
Fig. 13.Worm-gear finger mechanism . 

 

 

 

Fig. 14. Worm-gear with motor inside palm. 

 

 

2.5.  Surface Electromyography Signal 

Generation  (EMG) 
 

The EMG signal is defined as a  recording and 

evaluating the electrical signal generated by the 

muscle that is related to neuromuscular activation. 

It emerges from the stream of ions across the 

muscle fibers' membrane, which passes through 

the connective tissues to arrive at the detection 

electrode, located on the skin [15]. The term EMG 

represent the Electromyography:  The 

Electromyogram word contains three terms: 
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electro, which implies touching on electrical 

activity; myo, that contains a Greek root that 

means muscle; and gram, that stands for 

recording. EMG is accomplished using an 

instrument called electromyography to make a 

record called electromyogram, that means the 

EMG is an electrodiagnostic procedure in the 

medical application for recording and evaluating 

the electrical activity created by skeletal muscles. 

Figure (15) summarizes the composition of  

(EMG) signal. The signal that passes through 

muscle fibers coming through axon that induces 

muscle contraction or influences other neurons 

called action potential (AP). The motor unit action 

potential (MUAP) can be defined as the 

summation of electrical activity for all activated 

muscle fiber by an MU. In Figure (15) the αA and 

αB are all alpha MUs recruited, the summation of 

muscle fibers APs that activated by αA known as 

ƩMUAPA and the summation of muscle fibers 

APs that activated by αB known as ƩMUAPB. 

This adds the  MUAPs to each other in case of 

increasing the needed  force, as a result of this 

summation of ƩMUAPA and ƩMUAPB the 

sEMG signal will emerge [16]. 

 

 
 

Fig. 15. EMG signal generation. 

 

 

3. Result and Discussion 

3.1. Kinematics Motion 
 

The kinematics motion of the prosthetic hand 

means establishing the coordination of the 

fingertip with respect to the base frame and 

presenting the workspace and how the fingre will 

move. To describe the trajectory of motion of the 

finger tip statistical analysis for each point in the 

finger (x, y, and z) is used. Figure (16) shows the 

2D plot of the finger tip expressed in points for 

each part of the finger, and it represents the angle 

of the joint of the finger part to avoid overlapping. 

The motion in x, and y directions for the little 

finger was as x = 0.968, y = -1.63, for the ring 

finger as x = 0.692, y = -1.643, for the middle 

finger as x = 0.964, y = -2.09, for the index finger 

as x = 1.092, y= -1.993. 

 

 
 

Fig. 16.  2D Fingertip Kinematic Motion. 

 

In Figure (17) the blue line represents the 

thumb, which it intersects with the other lines 

(fingers).  This intersection represents the validity 

of the prosthetic hand to grasp the objects. The 

thumb does not intersect with the little finger 

while the human thumb can intersect with the 

little finger. This intersection of the finger and 

overlapping with the thumb to the 

anthropomorphism of human hand and express 

the hand design is capable of movement and 

gripping object. This is an advantage in prosthetic 

hand designed. 

 

 
 

Fig. 17. 3D plot showing the intersection between 

thumb and finger. 

 

 

3.2. Prosthetic Hand Gripping Object 
 

After gathering the handle of prosthetic hand 

primary parts, the proposed hand design is tested . 
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For the grasping design test, the hand is tested to 

hold three objects utilizing EMG as flag input. 

The prosthetic hand can effectively perform 

grasping the three objects. The three grasp designs 

are pinch, chuck, and fist. The prosthetic design 

was tested to gripping  different objects, such as 

key, screwdriver, cart and cylindrical tray using 

EMG sensor with Arduino microcontroller and 

the signal generated from activities of muscles, 

see the Figures below. 

    
(A)                               (B)                      

                 
                (C )                             (D)                      

 

Fig. 18. Prosthetic hand gripping (A) key,(B)s crew 

driver,(C) card and (D) cylindrical tray. 
 

3.3. The Pressure Effect 
 

The effect of the pressure applied by the hand 

on the objects has been studied from the pinch, 

chuck, and fist for the five fingers of the hands. 

For the pinch, the thumb and the index reaches the 

highest pressure with respect to the time, for the 

thumb it reaches (960 kg/cm
2
) as for the index it 

reaches (975.484 kg/cm
2
). As time increases, the 

pressure increases; after reaching a peak value, it 

starts to decrease. The effect on the thumb and 

index is the same at the chuck, enlarging the 

pressure into a peak value and the decreasing. For 

the fist, the pressure on th four fingers increases 

into a peak value with respect to the time and the 

decreases simultaneously, (956.42 kg/cm2) for the 

index, (942.285 kg/cm
2
) for the ring, (876.564 

kg/cm
2
) for the middle, (875.725 kg/cm

2
) for the 

pinky. 

Figure (19, 20, 21) shows the effect of the 

pressure with respect to the time for the pinch, 

chuck, and fist, respectively. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 19. Value of pressure sensor with pinch. 
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Fig. 20.Value of pressure sensor with chuck. 

 

Fig. 21. Value of Pressure Sensor with Fist. 

 
 

4. Conclusion 
 

The prosthetic hand presented in this work was 

factory-made via 3D printing strategies. The 

fingers unit was accomplished by Polou 6V DC 

motor through a worm gear equipped with worm 

wheel close to the finger. The five fingers, wrist, 

and the attachment have five independent degrees 

of freedom. Each finger is controlled by one 

motor while the thumb is controlled by 2 motors. 

The DC motor is mounted in palm. After 

collecting the signals for contracting the muscle 

for a period of one, two, and three seconds using 

EMG, the motions (pinch, fist, jack chuck). The 

designed hand has successfully accomplished the 

test of different gripping samples. The worm gear 

mechanism and the DC motors selection were the 

right choice for controlling the fingers rotational 

motion. 
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