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Abstract: This paper presents the development and prototyping of an educational robotic gripper designed for a professional mechatronics study program. The research connects 
key learning outcomes of the mechatronics curriculum with the design, prototyping, testing, and integration of the gripper system into robotic applications. Key parameters and 
components were selected during the design phase, followed by the construction of system assembly parts. A parametric design for the mechanism, suitable for additive 
manufacturing, is outlined in alignment with educational objectives. The scalable design and cost-effectiveness of fused deposition modeling (FDM) make the presented gripper 
adaptable to various robotic systems. The prototyping process includes selecting printing parameters in the case of FDM and executing the manufacturing process. Three different 
sizes of robotic grippers are manufactured, with plans for integration into robotic systems to support hands-on engineering education. 
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1 INTRODUCTION 
 

To address the demands of mechatronics engineering 
education, hands-on training with experimental setups of 
mechatronic systems is essential. Robotics plays a significant 
role as an interdisciplinary field encompassing various 
technologies related to industry 4.0 [1], design, control, 
planning, and more. Robotic systems can generally be 
categorized into industrial and mobile robots. Within 
robotics, the end-effector (gripper) is a crucial system 
component [2]. For instance, the integration of different end-
effectors with a three degrees-of-freedom (DoF) open-source 
robotic arm is explored in the paper [3]. Additionally, the 
paper [4] demonstrates the integration of an underactuated 
gripper with a heterogeneous robotic system comprising a 
robotic arm and a ground robot [4]. Grippers are also applied 
in aerial robotics, as shown in the paper [5]. 

In the context of research and engineering education, 
robotic end-effectors can be explored from multiple 
perspectives. A crucial aspect is the control of end-effectors, 
as shown in the paper [6] offering an overview of various 
control methods. End-effector (gripper) control systems can 
be categorized into open-loop and closed-loop systems. 
Closed-loop systems require the integration of sensors to 
effectively perform tasks. The paper [7] discusses a grasp 
controller designed for a sensorized parallel jaw gripper, 
enabling it to gently pick up and place down unknown 
objects. The control scheme draws inspiration from human 
actions, which rely on tactile feedback. On the hardware side, 
extensive research has been dedicated to the design and 
manufacturing of mechanical systems for robotic grippers. 
Additionally, significant efforts have been made in 
engineering education, as demonstrated by research such as 
design of a single-DOF gripper mechanism [8]. Gripper 
designs vary based on their intended purpose, with some 
mechanical systems being multifunctional [9], and 
specialized for tasks such as grasping thin objects [10]. In 
addition to mechanical grippers combined with electric 
actuators for grasping functions, soft grippers have been 
extensively researched, as demonstrated in paper [11]. 

The advancement of rapid prototyping technologies has 
significantly accelerated the development of mechatronic 
systems, with additive manufacturing (AM) playing a pivotal 
role. This technology is versatile, finding applications across 
various fields, especially in robotics, from creating 
educational low-cost robotic platforms [12] to manufacturing 
specialized multirotor UAV airframe parts [13]. Moreover, 
AM technologies have proven effective in producing robotic 
components, such as the open-source 3D-printed 
underactuated gripper presented in the paper [14]. In papers 
[15, 16], a low-cost, open-source, 3D-printed three-finger 
gripper platform for research and educational purposes is 
presented, featuring a design with minimal 3D-printed 
components and an off-the-shelf servo actuator. 
Additionally, research [17] offers a comparative study on the 
impact of different 3D-printed fingertips in robotic gripper 
jaws, focusing on the pulling force exerted on various shaped 
objects. Furthermore, the paper [18] emphasizes the 
optimization of AM techniques for constructing a new 
gripper design capable of handling a wide range of parts with 
varying sizes and shapes. Beyond gripper development, AM 
has also been applied to optimizing robotic structures, as 
demonstrated in a comparative analysis of topology 
optimization platforms [19]. 

This paper presents the design and development of a 
scalable educational robotic gripper. The concept is 
examined in the context of the professional mechatronics 
study program that is being conducted in Croatia. A scalable 
design for a robotic gripper utilizing a parallel mechanism is 
proposed, emphasizing low-cost production and ease of 
manufacturing. The paper outlines the entire process, from 
the initial sketch to the final prototype or product. The 
prototyping phase involved fused deposition modeling 
(FDM) AM technology, with three prototypes of varying 
sizes and capabilities tested. The concept of the robotic 
gripper can be used in different aspects of the process of 
hands-on engineering education. Still, it can also be used in 
the broader context of STEM education at lower levels. 
Future work will focus on integrating presented robotic 
grippers with robotic systems. 
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2 UNDERGRADUATE PROFESSIONAL MECHATRONICS 
STUDY PROGRAM IN CROATIA 

 
This research examines the integration of a robotic 

gripper into the practical education curriculum of the 
mechatronics undergraduate professional study program in 
Croatia. In 2021, the program was developed to align with 
the HKO register [20]. The curriculum totals 180 ECTS 
credits, with 114 ECTS derived from mandatory learning 
outcomes and 66 ECTS from optional learning outcomes. 
The study learning outcomes are divided into general 
outcomes (IUP1 - IUP10), which focus on soft skills, and 
professional outcomes (IUP11 - IUP27). Table 1 lists the 
study learning outcomes that can be partially or fully related 
to the robotic gripper in the areas of modeling, control, 
design, and manufacturing. 

 
Table 1 Undergraduate professional mechatronics study program learning 

outcomes related to robotic gripper [20]. 
Learning 
outcome 

code 

Learning Outcomes of the Undergraduate professional study 
of Mechatronics in Croatia 

IUP1 Apply mathematical and physical laws to engineering 
problems 

IUP6 Identify, model, and solve engineering problems 

IUP9 Use techniques, skills, and modern tools necessary for 
engineering practice 

IUP11 
Recognize and propose adequate types of materials and 
machining procedures for the production of mechatronic 
systems 

IUP12 
Dimensioning and selecting standardized elements of 
precision mechanics, machine elements, and assemblies in the 
process of manufacturing various mechanisms 

IUP14 To know the principles of operation of electronic and 
electromechanical converters 

IUP17 Create 2D technical documentation and construct a 3D model 
of mechatronic systems 

IUP21 
Select and connect sensors, actuators, microcomputers, 
programmable logic controllers, and accompanying equipment 
for the automation of production processes 

IUP25 
Integrate the computer with software support in the process of 
data collection, measurement and data display on the 
computer 

IUP27 Plan, monitor and control the production of mechatronic 
system elements 

 
Regarding the mentioned mechatronics study program 

aligned with the HKO register, there are mechatronics studies 
in Croatia that are either fully aligned or in the process of 
alignment to meet the learning outcomes of the professional 
mechatronics curriculum. At the Karlovac University of 
Applied Sciences, the study of mechatronics is currently in 
the process of revision and alignment. From the aspect of 
hands-on training, and this research topic, low-cost robotic 
gripper prototypes, made using entry-level components, are 
currently being integrated with robotic arm models, as shown 
in Fig. 1, and used in hands-on laboratory exercises for the 
Robotics course. The use of a robotic gripper in robotics 
classes aligns with IUP9 and IUP21. Additionally, DC servo 
motors used to drive the robotic gripper are covered in 
Actuators course aligned with IUP14. From a system design 
perspective, students work on case studies involving the 
construction of robotic grippers, including modeling parts 
and assemblies, which aligns with IUP17 and IUP9. 

 
Figure 1 Low-cost robotic gripper prototypes integrated with robotic arm models, 

utilized in hands-on laboratory exercises for the Robotics course 
 

These study is part of the internal project at Karlovac 
University of Applied Sciences, titled "Development of 
Innovative Educational Robotic Modules - iEduBot". As part 
of the project, the necessary equipment, components, and 
materials will be procured to develop educational robotic 
modules, including robotic grippers. Integrating these 
modules into the undergraduate professional mechatronics 
program will enhance hands-on learning through practical 
and team-based activities for students. After completing the 
design and production phases of the robotic gripper kits, 
integration into the educational process will proceed through 
exercises (theoretical, laboratory, and design-based), aligned 
with the mechatronics learning outcomes (Tab. 1). 
 
3 DESIGN OF A SCALABLE AND MODULAR 

EDUCATIONAL ROBOTIC GRIPPER 
 

From the hardware aspect, the main goal is to design a 
scalable and modular mechanism of a parallel robotic gripper 
that can be applied in the engineering education of an 
undergraduate professional mechatronics study. Another 
goal is to design a system that consists of readily available 
and relatively inexpensive components and parts that can be 
produced at low cost and with inexpensive equipment. The 
assembly of the parallel mechanism, which is actuated using 
an electric servo motor, is considered. The designed system 
is connected with the learning outcomes of the undergraduate 
professional study of mechatronics. 
 
3.1 Mechanical Overview of a Robotic Gripper with Parallel 

Mechanism 
 

Robotic grippers are an integral part of the robotic 
system and differ in mechanical configurations, drive type, 
power, precision, and other specifics. Robotic grippers with 
a parallel mechanism have a simple design and are suitable 
as a tool in engineering education. The parallel gripper shown 
in this paper consists of the central part of the assembly on 
which the electric servo motor is mounted, and the left and 
right sides of the gripper mechanism. Each side consists of 
two parallel links where the torque is transmitted via a geared 
link and the jaw to which the links are connected. Versions 
where each side has a separate motor or versions with one 
motor and a mechanism through which the torque is 
transmitted from the motor to both sides of the gripper are 
possible. The mechanism of the parallel gripper with one 
motor will be considered, as shown in Fig. 2. 
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Figure 2 Schematic representation of a robotic gripper parallel mechanism 

 
The motor torque is transmitted to the left and right jaws 

of the gripper via a mechanism consisting of two gear 
elements. The two main parameters of the mechanism that 
were considered in the design of the scalable gripper are the 
motor torque and the length of the link of the gripper parallel 
mechanism. Assuming that there are no losses in the 
mechanism and no misalignment, the amount of force in the 
link is given with following expression 
 

M
1 ,

2
f

l
τ

=                                                                         (1) 

 
where τM is the torque of the motor divided between the left 
and right sides of the mechanism, and l is the length of the 
link of the parallel gripper.Therefore, the force component 
acting in the direction of the parallel mechanism depends on 
the jaw angle, and is given with following expression 
 

M
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where the total force exerted by the left and right side of the 
jaw is equal 
 

M
tot jaw2 sin .f f

l
τ

ψ= = ⋅                                              (3) 

 
The paper will consider 3 sizes of servo motors, 

according to which structural elements and assembly will be 
selected and dimensioned with the aim of producing parts of 
a low cost gripper, which is aligned with IUP12. 
 
3.2 Electric Servo Motor Drive Units of the Low-Cost Robotic 

Gripper 
 

DC servo motors were chosen for the drive of the low-
cost educational robotic gripper because of their price, but 
especially because of the simple integration with the 
mechanical and control system. Such motors are typically 
used in applications that require precise control of position, 
speed, or torque. The DC servo motor assembly has a 
compact design, considering that the motor housing contains 
the driver, DC motor, and gearbox, and comes in a wide 
range of sizes and powers. The characteristic of such motors 
is that there is a feedback connection using an encoder or 
potentiometer, which forms a control circuit with the motor 
driver. The feedback system constantly monitors the motor's 

output and adjusts its input to match the desired position or 
speed. A DC servo motor is usually controlled by a PWM 
(Pulse Width Modulation) signal, where the pulse width 
determines the position, speed, or torque of the motor. This 
enables precise control in a various robotics, automation, and 
manufacturing  applications, due to their fast response and 
efficiency. In addition to conventional motor designs, there 
are also digital servo motors that have a high accuracy. Three 
standard sizes of servo motors were considered and their 
characteristics are listed in Tab. 2. This aspect of the robotic 
gripper is aligned with the learning outcome IUP14. 
 

Table 2 Considered DC servo motors manufacturer specifications 

Servo motor Size (mm) Weight 
(grams) 

Operating 
voltage (V) 

Stall torque 
(kg-cm) @ 

6V 
FEETECH 
FS90MG 23.2 × 12.5 × 22 9 4.8 - 6 1.5 

FEETECH 
FT1117M 30 × 12 × 31.7 20 4.8 - 6 3.5 

FEETECH 
FS5115M 40.8 × 20.1 × 39 62 4.8 - 6 15.5 

 
3.3 Design of a Scalable, Modular Robotic Gripper 

Mechanism 
 

The goal of this project is to develop a scalable, modular, 
and cost-effective prototype of a robotic gripper mechanism. 
Given that there are different needs for the use of varying 
motor performance, a parametric design of the parts of the 
parallel gripper assembly is shown, which, integrated with 
the servo motor, forms the mechanical system of the gripper. 
During the design phase, the SOLIDWORKS software 
package was used to construct 3D models. Fig. 3 shows three 
sizes of the robotic gripper whose performance depends on 
the motor torque and the length of the link of the parallel 
mechanism. In addition to scalability, the assembly can be 
integrated with different types of robotic systems, for 
example with rotational or translational degrees of freedom. 
The scalable modular robotic gripper prototype will be used 
as a construction example in courses that include the 
construction of 3D models, aligned with IUP17. 

In addition to the parametric design approach, the 
technological feasibility of the construction was considered 
given in mind that the parts are planned to be manufactured 
using AM technology. From that follows the economical 
process in terms of material costs and production time. In the 
design process, the mechanism assembly that will be 
produced by FDM AM technology is shown. From a 
hardware perspective, this work contributes with a scalable, 
modular robotic gripper that, in combination with a motor, 
forms a low-cost prototype suitable for integration into the 
curriculum of an undergraduate mechatronics study. 

Further research will focus on analyzing the 
mechanism's structure using finite element method (FEM), 
addressing the challenges posed by the anisotropic 
mechanical properties of FDM-manufactured parts due to 
their layer-by-layer deposition. Additionally, error analysis 
will be conducted to evaluate dimensional deviations in the 
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gripper links and their impact on the parallelism of the 
gripper’s fingers. 

 

 
Figure 3 3D models of a parallel gripper mechanism parametric design: (a) Link 

length l = 24 mm with FS90MG motor, (b) Link length l = 28 mm with FT1117M 
motor and rotational DoF, (c) Link length l = 40 mm with FS5115M motor 

 
4 PROTOTYPING A LOW-COST ROBOTIC GRIPPER USING 

ADDITIVE MANUFACTURING 
 

After completing the design phase of the robotic gripper, 
the prototype production phase begins. For this purpose, it is 
necessary to create 2D technical documentation that aligns 
with IUP17. Fig. 4 shows a gripper assembly 3D model with 
associated parts that will be produced by AM technology. 
Given that the goal is to create a cheap educational gripper, 
FDM technology was chosen, which works by extruding 
thermoplastic material layer by layer to make a part or several 
parts. The material, which is in the form of a plastic filament, 
is heated to a semi-liquid state and deposited through a nozzle 
onto the fabrication platform. The nozzle follows a 
programmed path, controlled by computer-aided design 
(CAD) data. FDM technology is known for its affordability, 
both in terms of machinery and materials used, which makes 
it available for prototyping and small series production. It is 
easy to handle, widely available, and supports a range of 

thermoplastics, making it ideal for educational and research 
purposes. 
 

 
Figure 4 3D model exploded view of the gripper assembly with associated parts 

designed for production using AM technology 
 
4.1 Preparation of Robotic Gripper Parts for Additive 

Manufacturing 
 

Due to the combination of simplicity, cost-effectiveness, 
and flexibility of materials, FDM technology was chosen to 
produce prototypes of educational robot grippers. The initial 
step in preparing a 3D print, independent of the AM 
technology, involves saving the 3D model in .stl format. This 
format captures the geometry of the object by representing its 
surface with a mesh of triangles, facilitating accurate 
conversion from digital design to physical models. Next, the 
.stl files are loaded into a slicing software specific to the AM 
technology being used. For this research, an FDM 3D printer 
by Bambu Lab was used along with the Bambu Studio 
software. Adjusting the parameters of the 3D print depends 
on the geometry and purpose of the part and the used 
material. In this case, PETG material was chosen for 
producing educational robot grippers due to its superior 
durability, UV resistance, and heat tolerance, making it a 
better option than PLA for demanding applications. FDM 
technology also offers extensive parameter adjustability, 
which is valuable for addressing specific learning outcomes 
(IUP11). 

Several parameters related to FDM printing technology 
were considered, particularly wall thickness and part infill 
The thickness of the walls, base, and roof of the printed part, 
along with the percentage and type of infill, play a crucial 
role in determining its mechanical properties. Previous 
research [21] explored how the number of walls and the 
percentage of infill affect tensile strength. These findings 
were taken into account when configuring the parameters for 
the educational robot grippers in this research. For the 
production of a series of prototypes for teaching purposes, a 
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three-wall loop and a gyroid sparse infill pattern with 15% 
density were selected. 

 

 
Figure 5 Slicer view of gripper parts in Bambu Studio 

 
In the first phase of prototyping, several construction 

iterations were tested, with parts being printed separately, 
one by one. Once the final parametric design was established, 
it became more efficient to group the parts for 3D printing. A 
single prototype with identical print parameters for all parts 
can be produced within a single run, as shown in Fig. 5 for 
the gripper with the FT1117M servo motor using Bambu 
Studio. Printing multiple parts at once offers a significant 
time-saving advantage compared to printing each part 
individually. Although the model printing time remains 
similar, grouping the parts significantly reduces both 
preparation and post-processing times. 

Each print cycle involves heating the 3D printer 
components (nozzle and print bed), and after completion, the 
nozzle and bed must cool down. For example, with PETG 
material on the Bambu Lab A1 Mini 3D printer, it takes 
approximately 8 minutes for the bed to cool below 50 °C, 
allowing the printed parts to be safely removed. This cooling 
process must be repeated for each new print. By printing all 
parts together, the prepare time and post-processing steps 
only occur once, reducing time considerably. When 
prototyping a series of robotic grippers, printing grouped 
parts offers flexibility, as the parameters for individual 
components can be adjusted independently, particularly in 
terms of mechanical properties. As the production volume 
increases, it becomes necessary to plan, monitor, and control 
the production of gripper components, but in general 
mechatronic systems, which is aligned with IUP27. 
 
4.2 Additive Manufacturing and Assembly of a Gripper 

Mechanical System 
 

After preparing the model in the slicer software and 
generating the G-code, the software provides estimates for 
total filament consumption, preparation time, and model 
printing time. During the preparation phase for PETG 
material, the nozzle is heated to 255 °C, and the print bed 
reaches 70 °C. Fig. 6 shows the 3D-printed parts of the 
gripper (FT1117M) produced using the Bambu Lab P1S 3D 

printer. Post-processing, such as removing support material, 
is often necessary, particularly for parts like the gripper jaws. 
 

 
Figure 6 3D-printed gripper parts made from PETG material using the Bambu Lab 

P1S printer 
 

 
Figure 7 Assembly steps of the gripper components into a functional unit 
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Figure 8 Display of three gripper sizes during preliminary testing 

 
Once all the parts of the prototype or series of prototypes 

have been printed, along with connecting elements (bolts, 
nuts), the gripper assembly can begin, as shown in Fig. 7. The 
assembly process starts with mounting the servo adapter to 
the motor gear (Step 1) and continues with attaching the 
servo motor to the frame parts (Step 2). Step 3 involves 
testing the motor with the motor gear and adjusting the initial 
angle. Subsequently, in Steps 4, 5, and 6, the remaining 
mechanism parts are assembled. Finally, in Step 7, the cover 
is installed to secure all the elements into the assembly. 

Fig. 8 illustrates the three prototyped robotic gripper 
sizes developed in this research during the preliminary 
testing phase of the full assembly. For this and previous 
testing stages, a module with four AA batteries and a servo 
tester, used to send the control PWM signal, were employed. 
 
5 DISCUSSION 
 

The design and prototyping of the robotic gripper 
demonstrate alignment with the learning outcomes of IUP11, 
IUP12, IUP14, IUP17, and IUP27 from the undergraduate 
professional mechatronics study. The mechanical gripper 
system can function both independently and as part of 
integrated robotic systems, whether industrial or mobile. For 
standalone use, the hardware gripper can be further enhanced 
by integrating sensors. An experiment to measure the 
gripping force using a sensor setup is under consideration, 
aligned with IUP21. To facilitate force measurement, 5 kg 
load cell sensors with HX711 amplifiers will be connected to 
the control system. From the perspective of the gripper, 
further work will focus on integrating sensors into the 
mechanism's jaws, as closed-loop systems require the use of 
sensors to perform tasks effectively. Given the gripper's 
intended low-cost design, the following sensors are being 
considered: a load cell sensor (similar to those used in force 
measurements) and a pressure sensor. As an extension of the 
experiment, a mechanical system with independent left and 
right motors for the parallel gripper mechanism can be 
incorporated. This setup allows for a comparison of the 
forces generated by a two-motor mechanism versus a single 
motor with a mechanical linkage. The integration of a 
computer and control system for data collection, 
measurement, and visualization is aligned with IUP25. 

 
Figure 9 Integration of the robotic gripper and rotational degree of freedom with an 

RRR robotic arm configuration. 
 

In further work, the integration of an inertial 
measurement unit (IMU) for rotational control, providing an 
additional degree of freedom, is under evaluation (Fig. 3b). 
Fig. 9 presents the CAD model of the proposed design for the 
robotic gripper integrated onto a robotic arm with three 
degrees of freedom (DoF). For this purpose, the design of 
robotic modules will be undertaken to integrate the proposed 
educational robotic gripper. These modules will include both 
the existing mobile platforms presented in previous research 
[22] and new robotic modules for industrial simulators with 
two, three, and four degrees of freedom. 
 
6 CONCLUSION 
 

This paper presents the design, prototyping, and testing 
of a scalable and low-cost robotic gripper. The aligned 
learning outcomes have been demonstrated within the 
undergraduate professional mechatronics study program 
through various aspects of the robotic gripper. A robotic 
gripper with a parallel mechanism was described, and its 
system parameters were defined. A low-cost, scalable, and 
easily upgradeable design for the gripper mechanism was 
proposed. FDM technology was selected for the production 
of the mechanism parts, and the additive manufacturing 
process was illustrated. The assembled robotic grippers were 
tested and are now ready for integration into the educational 
process. An additional advantage of the proposed design and 
manufacturing technology is its applicability across various 
levels of education. In future work, the proposed gripper 
design will be integrated with robotic modules to create 
complete robotic systems. 
 
Acknowledgement 
 

This research was funded by Karlovac University of 
Applied Sciences through an internal project, Development 
of innovative educational robot modules (iEduBot). 
 
7 REFERENCES 
 
[1] Hernandez-de-Menendez, M., Escobar Díaz, C. A., & Morales-

Menendez, R. (2020). Engineering education for smart 4.0 
technology: a review. International Journal on Interactive 
Design and Manufacturing, 14, 789–803.  
https://doi.org/10.1007/s12008-020-00672-x 

[2] Long, Z., Jiang, Q., Shuai, T., Wen, F., & Liang, C. (2020). A 
Systematic Review and Meta-analysis of Robotic Gripper. IOP 
Conference Series: Materials Science and Engineering, 
Resource Exploration and Mining Engineering, 782, 042055,  



Denis Kotarski et al.: Design and Additive Manufacturing of a Scalable, Low-Cost Educational Robotic Gripper 

504                                                                                                                                                                               TECHNICAL JOURNAL 20, 3(2026), 498-504 

https://doi.org/10.1088/1757-899X/782/4/042055 
[3] Tai, A., Chun, M., Gan, Y., Selamet, M., & Lipson, H. (2021). 

PARA: A one-meter reach, two-kg payload, three-DoF open 
source robotic arm with customizable end effector. 
HardwareX, 10. https://doi.org/10.1016/j.ohx.2021.e00209 

[4] Wang, C., Zhou, Y., Xie, B., Xie, J., & Zhang, J. (2022). An 
Underactuated Universal Gripper: Design, Analysis, and 
Experiment. Energies, 15, 9151.  
https://doi.org/10.3390/en15239151 

[5] Fiaz, U. A., Abdelkader, M., & Shamma, J. S. (2018). An 
Intelligent Gripper Design for Autonomous Aerial Transport 
with Passive Magnetic Grasping and Dual-Impulsive Release. 
IEEE/ASME International Conference on Advanced Intelligent 
Mechatronics (AIM), Auckland, New Zealand, 1027-1032. 
https://doi.org/10.1109/AIM.2018.8452383 

[6] Dai, Y., Xiang, C., Qu, W., & Zhang, Q. (2022). A Review of 
End-Effector Research Based on Compliance Control. 
Machines, 10, 100. https://doi.org/10.3390/machines10020100 

[7] Romano, J.M., Hsiao, K., Niemeyer, G., Chitta, S., & 
Kuchenbecker, K. J. (2011). Human-Inspired Robotic Grasp 
Control With Tactile Sensing. IEEE Transactions on Robotics, 
27(6), 1067-1079. https://doi.org/10.1109/TRO.2011.2162271 

[8] Hassan, A., & Abomoharam, M. (2014). Design of a Single 
DOF Gripper based on Four-bar and Slider-crank Mechanism 
for Educational Purposes. Procedia CIRP, 21, 379-384.  
https://doi.org/10.1016/j.procir.2014.02.062 

[9] Kang, L., Seo, J.-T., Kim, S.-H., Kim, W.-J., & Yi, B.-J. 
(2019). Design and Implementation of a Multi-Function 
Gripper for Grasping General Objects. Applied Sciences, 9, 
5266. https://doi.org/10.3390/app9245266 

[10] Kang, L., Kim, S.-H., & Yi, B.-J. (2021). Modeling, Design, 
and Implementation of an Underactuated Gripper with 
Capability of Grasping Thin Objects. Machines, 9, 347.  
https://doi.org/10.3390/machines9120347 

[11] Cui, Y., An, X., Lin, Z., Guo, Z., Liu, X-J., & Zhao, H. (2024). 
Design and implementation of an underactuated gripper with 
enhanced shape adaptability and lateral stiffness through semi-
active multi-degree-of-freedom endoskeletons. The 
International Journal of Robotics Research, 43(6), 873-896.  
https://doi.org/10.1177/02783649231220674 

[12] Piljek, P., Kotarski, D., Šćuric, A., & Petanjek, T. (2023). 
Prototyping and Integration of Educational Low-Cost Mobile 
Robot Platform. Tehnicki glasnik, 17(2), 179-184.  
https://doi.org/10.31803/tg-20220714131724 

[13] Piljek, P., Krznar, N., Krznar, M., & Kotarski, D. (2022). 
Framework for Design and Additive Manufacturing of 
Specialised Multirotor UAV Parts. In Răzvan Păcurar (Ed.), 
Trends and Opportunities of Rapid Prototyping Technologies. 
IntechOpen, Ch. 4. https://doi.org/10.5772/intechopen.102781 

[14] Ma, R. R., Odhner L. U., & Dollar, A. M., (2013). A modular, 
open-source 3D printed underactuated hand. IEEE 
International Conference on Robotics and Automation, 
Karlsruhe, Germany, 2737-2743. 
https://doi.org/10.1109/ICRA.2013.6630954 

[15] Tlegenov, Y., Telegenov, K., & Shintemirov, A., (2014). An 
open-source 3D printed underactuated robotic gripper. 
IEEE/ASME 10th International Conference on Mechatronic 
and Embedded Systems and Applications (MESA), Senigallia, 
Italy, 1-6. https://doi.org/10.1109/MESA.2014.6935605 

[16] Telegenov, K., Tlegenov, Y., & Shintemirov, A., (2015). A 
Low-Cost Open-Source 3-D-Printed Three-Finger Gripper 
Platform for Research and Educational Purposes. IEEE Access, 
3, 638-647. https://doi.org/10.1109/ACCESS.2015.2433937 

[17] Białek, M., & Rybarczyk, D. (2023). A Comparative Study of 
Different Fingertips on the Object Pulling Forces in Robotic 
Gripper Jaws. Applied Sciences, 13, 1247.  
https://doi.org/10.3390/app13031247 

[18] Paduraru, E., Dumitras, C.-G., Chitariu, D.-F., Horodinca, M., 
& Chifan, F. (2023). Research on Additive Technique 
Parameter Optimization for Robotic Gripper Construction. 
Machines, 11, 621. https://doi.org/10.3390/machines11060621 

[19] Curkovic, P. (2024). Comparative Analysis of Topology 
Optimization Platforms for Additive Manufacturing of Robot 
Arms. Designs, 8, 98. https://doi.org/10.3390/designs8050098. 

[20] Program preddiplomskog stručnog studija Mehatronika 
usklađen s HKO registrom i kvalifikacijom stručni/a 
prvostupnik/prvostupnica (baccalaureus/baccalaurea) 
inženjer/inženjerka mehatronike. Available online: 
https://vub.hr/hko-mehatronika/doc/e1/Program%20 
preddiplomskog%20stru%C4%8Dnog%20studija%20Mehatr
onika.pdf (accessed on 23 June 2023). (in Croatian) 

[21] Šančić, T.; Brčić, M.; Kotarski, D., & Łukaszewicz, A. (2023). 
Experimental Characterization of Composite-Printed Materials 
for the Production of Multirotor UAV Airframe Parts. 
Materials, 16, 5060. https://doi.org/10.3390/ma16145060 

[22] Kotarski, D., Piljek, P., & Šančić, T. (2025). Design and 
Development of Educational Modular Mobile Robot Platform. 
Tehnicki glasnik, 19(1), 1-8.  
https://doi.org/10.31803/tg-20221010113555 

 
 
Authors’ contacts: 
 
Denis Kotarski, PhD 
(Corresponding author) 
Karlovac University of Applied Sciences, 
Josipa Jurja Strossmayera 9, 47000, Karlovac, Croatia 
denis.kotarski@vuka.hr 
 
Alen Šćuric 
University of Zagreb, Faculty of Mechanical Engineering and Naval Architecture, 
Ivana Lučića 5, 10002 Zagreb, Croatia, 
Trivium STEM Edu association 
Ciglenica Zagorska 10, 49223 Sveti Križ Začretje, Croatia 
alenscuric9@gmail.com 
 
Tomislav Šančić 
Karlovac University of Applied Sciences, 
Josipa Jurja Strossmayera 9, 47000, Karlovac, Croatia 
tsancic@vuka.hr 



<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



