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Abstract 

The development of a novel 3D-printed three-claw robotic gripper shall be described in this paper 

with the goal of incorporating various design considerations. Such considerations include the grip 

reliability and stability, grip force maximization, wide object grasping capability.  Modularization of 

its components is another consideration that allows its parts to be easily machined and reusable. The 

design was realized by 3D printing using a combination of tough polylactic acid (PLA) material and 

thermoplastic polyurethane (TPU) material. In practice, additional tolerances were also considered 

for 3D printing of materials to compensate for possible expansion or shrinkage of the materials used 

to achieve the required functionality. The aim of the study is to explore the design and eventually 

deploy the three-claw robotic gripper to an actual robotic arm once its metal work fabrication is 

finished. 
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Introduction 

The robot arm, generally known as robot manipulators, has been frequently used to perform 
specific tasks while interacting with humans, inanimate objects, machines, and its working 
environment [1]. These devices are extensively used in automating the manufacturing 
industry by executing different actions such as pick and place [2], painting [3], welding [4], 
riveting [5], and drilling [6], among others [7]. Some examples of these robot manipulators 
are readily available in the market such as Fanuc [8], Kuka [9], and Universal Robots 
Systems [10].   

Manipulators are usually identified according to the type of end effector utilized. 
An example of such end effector what people commonly used are robotic grippers. These 
tools are used to move and grasp objects from one predetermined location to another. 
Furthermore, the utilization of such mechanisms encompasses several applications such as 
medicine [11] [12], military [13] [14], agriculture [15] [16], education [17] [18], etc. Thus, 
these promising fields of research appeal to the interest of numerous researchers to design 
and manufacture such devices. 

Typically, robotic gripper mechanisms implement the concept of underactuation to 
provide simple control in initiating gripping action [19]. An example of such configuration 
is the three-finger gripper model developed by Telegenov et. al. was presented and 
manufactured using minimal number of 3D-printed components and commercially-available 
servo actuators [20]. Another example is the iRobot-Harvard-Yale (iHY) hand developed by 
Odhner, et. al. that is capable of performing wide range of grasping and in-hand repositioning 
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tasks [21]. In addition to, Backus, et. al. featured an underactuated design of a three-fingered 
robotic hand that utilizes radially symmetric, prismatically actuated fingers controlled by a 
single actuator [22]. Ultimately, the proponents will develop a novel design of three-claw 
gripper that will involve improved gripping stability, gripping force maximization, and 
ability to grasp wide objects. 

Recent disruptive strategies have been developed to improve the existing methods 
in manufacturing robot end effectors [23]. Additive manufacturing or three-dimensional 
(3D) printing allows to provide such innovation available to all individuals ranging from 
hobbyists to researchers [24]. It makes the process of prototyping easier, faster, and more 
cost effective [25]. In addition to, the introduction of new materials in the intended robot 
gripper design will allow for greater flexibility and strength in the design [26]. It becomes 
practical to make mistakes and perform revisions in the design during the 3D printing stage 
[27]. Thus, 3D printing provides an avenue to reproduce end effector designs that cannot be 
done by conventional means. 

This paper aims to develop a 3D-printed three-claw gripper design. The structure 
of this paper will adhere the following organization: Section 2 discusses the theoretical 
considerations of the novel three-claw robotic gripper design, Section 3 previews the 
practical considerations of the novel three-claw robotic gripper design and finally, Section 4 
draws the conclusions of the study. 

Theoretical Considerations for the Three-Claw Gripper Design 

Figure 1. Three-finger gripper model (closed)  Figure 2. Three-finger gripper model (open) 

  Reliability and stability of the grip, the maximum grip force allowable, and the ability 
of the gripper to grasp wide objects are the main factors being considered in the design of 
the novel three-claw gripper. The expected design of the said gripper is illustrated in Figure 
1 rendered by Autodesk Fusion 360, a 3D CAD software. To achieve reliable and stable grip, 
a three-claw configuration was choses. The use of four-bar linkage design allows the linear 
actuator to effectively translate the forward-retraction motion to sideways gripping action. 
The maximum wide opening for grasping wide objects by at least 30 cm is ensured by 
specifying in design the required linkages length, illustrated in Figure 2. 
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The assembly of the novel gripper design is divided into different modular 
components such that the proposed design can be applicable for two-finger configurations 
or multi-finger configurations. This makes the proposed novel gripper design reusable. Also, 
breaking down the gripper design into different modular components provides the 
opportunity to machine parts easier. As presented in Figure 3, the modular components are 
described as follows: finger plate rubber, finger plate, straight bar, bent bar, actuator prongs, 
actuator plate, base prongs, and base plate. If one wishes to modify the design from the initial 
proposition to a desired configuration, only the actuator plate and base plate of the gripper 
end-effector design can be modified and machined differently; the rest of the modular 
components can be manufactured with similar dimensions or can be reused. 

 The actuation mechanism is described as follows: (1) The linear actuator attached 
to the actuator plate is bind to it by means of a M6 bolt. The motion of the linear actuator 
pushes the actuator plate upwards or downwards relative to the base plate. (2) The motion 
of the linear actuator plate pushes the actuator pin is pushed by the actuator prong and in turn 
(3) cause the bent bar to rotate around its pivot point. (4) Finally, by means of four-bar 
linkage mechanism, the outer bar ensures that the finger plate stays vertically upright as the 
bent bar rotates which indeed translates the rotary motion into translation. Thus, the push or 
pull motion of the linear actuator is effectively translated into sideways gripping motion. 

Figure 3: Gripper modular components 

 To analyze the movement of the proposed novel three-claw gripper design, 
two kinematic relationships must be established namely the movement of the finger plate 
relative to the actuating pin and the movement of the actuator pin relative to the linear 
actuator movement. Figure 4 shows the dimensions for a single claw module. The horizontal 
displacement 𝑅 and the vertical displacement 𝐻 of the finger plate is determined by the 
displacement of the actuator pin. The horizontal displacement 𝑟 and vertical displacement ℎ 
of the actuator plate is determined by the linear actuator stroke movement. Equations (1) and 
(2) shows the relationship among the parameters just described: 

 𝑅 = 40 + 135[0.342(60 − 𝑟) − 0.940(45 − ℎ)]/30 (1) 
 

 𝐻 = 135 + 135[0.940(60 − 𝑟) + 0.342(45 − ℎ)]/30. (2) 

where 𝜃𝑏 = 110° is the bent angle of the bent bar. In approximation, we truncate cos 𝜃𝑏 ≈
−0.342 and sin 𝜃𝑏 ≈ 0.940. The use of 110 degrees allows the maximum gripper opening 
of at least 30 cm diameter wide. A linear relation is observed for the respective variables 𝑅 
and 𝐻 as evidenced by Equations (1) and (2).  
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Next, we shall derive the relationship of the actuator pin movement and the linear 
actuator stroke. The relevant insight needed to derive the equations is illustrated in Figure 5 
showing how the actuator plate motion produces a rotary motion for the actuator pin. Due to 
this rotary motion, two parameters 𝑟 and ℎ are needed to describe its position and are named 
horizontal and vertical displacement of the actuator pin respectively. The linear actuator 
stroke is designated as 𝑎 from the top of the base plate up to the bottom of the actuator plate. 

 𝑟 = 60 − √302 − (45 − ℎ)2 (3) 

 

 ℎ = 20 + 𝑎 + (𝑟 − 22) tan(𝜋/9) (4) 

Using Figure 5 as a reference enables us to derive the relationship of 𝑟, ℎ and 𝑎. 
Solving the system of Equation (3) and (4) gives us, 

 𝑟 = 63.590 − 0.321𝑎 − √697.449 + 17.418𝑎 − 0.780𝑎2 (5) 

 

 ℎ = 35.137 + 0.883𝑎 − √92.394 + 2.307𝑎 − 0.103𝑎2 (6) 

Figure 4: Relevant component dimensions  Figure 5: Close-up view of actuator pin 
mechanism 

Equations (5) and (6) completely describes the motion of the actuator pin with 
respect to the base plate by a single parameter 𝑎, the linear actuator stroke. The coefficients 
were calculated using the Symbolic Math toolbox from the MATLAB software. 
Approximation is sufficient enough to meet the accuracy requirements of the three-claw 
gripper mechanism. By the relation just established in Equations (1) and (2), it is now 
possible to completely determine the position of the finger plates with respect to the base 
plate by a single parameter 𝑎. Thus, by controlling the amount of linear actuator stroke, we 
can predict within the accuracy permissible the gripper opening diameter as well as the 
amount of the fingerplate tip recession. 
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Finite Element Analysis and Strength Evaluation 

The finite element analysis of the gripper was performed using Autodesk Fusion 360 
Simulation, on which the design was tested in loading conditions that occurs on the actual 
use of the gripper. To speed up calculations only one finger was tested in the simulation 
and two load cases with different opening positions were tested. The material tested for  
the gripper metal parts was Stainless Steel 304 and for the fasteners and pins A-2 stainless 
was used. The gripper weighs 1.012 kg.  

(a) (b) 

                                        (c)                                                                 (d) 

Figure 6: Applying different a 10 kg loads at different gripper opening sizes: (a) 0° 
opening, (b) 15° opening, (c) 30° opening and (d) 55° opening 

The first condition considers 10 kg load on one finger with the flat of the gripper 
parallel to the ground, the positions with reference angles 0 (closed position), 15, 30 and 55 
(fully opened) degrees were tested. Different test conditions and results are shown in Figure 
6. For the 0° opening, the attained factor of safety is 1.28, while for the 15° opening case the 
factor of safety was 1.43. A factor of safety of 2.43 was attained in the loading case of the 
30° opening and a 2.49 for the 55° opening. 

The second condition tests the gripping and lifting forces for a 10 kg load using a 
static coefficient of friction 𝜇𝑠 = 0.2 between the object and the fingers. The gripper is 
oriented upside-down to simulate the case where the gripper is used to lift an object. Again, 
the positions with reference angles 0, 15, 30 and 55 degrees were tested to show different 
object sizes. 
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Figure 7: Applying a 10kg lift load for varying refence angles. From left-to-right and top-
to-bottom: 0 degrees, 15 degrees, 30 degrees and 55 degrees. 

Figure 7 shows the results for the second load case. For the 0° opening, the 
minimum factor of safety is 1.23, while for the 15° opening case the factor of safety was 
1.30. A factor of safety of 1.09 was attained in the loading case of the 30° opening and a 
2.27 for the 55° opening. As the gripper is opened, the maximum stresses developed 
decreased. The maximum stress condition of 362.1 MPa, as expected, occurs at the hinge 
points of the bent bar as this element carries much of the load to be transmitted between 
the linear actuator and the finger gripper.   

The plot of ratio of gripper forces to applied linear actuator force is illustrated in 
Figure 8. As the opening diameter of the gripper mechanism is varied, the reaction forces 
are acquired for a gripper. An applied linear actuator force of 10 kilograms was used and 
the measured forces at the gripper is divided by the applied force to obtain the ratio. The 
maximum ratio is attained with a gripper opening of about 210 mm. The gripper was 
designed to handle object with size of up to 300 mm. Thus, the greatest force ratio occurs 
when the object has larger diameter and at the same time keeps a reasonably controlled 
force for objects with smaller sizes. 

Figure 8: Force ratio response of the gripper as the opening diameter is varied. 
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Practical Considerations for the Three-Claw Gripper Design 

The novel design of the three-claw gripper discussed earlier was realized by means of 3D 
printing. The modular components, as described in Section 2, were converted into STEP files 
separately. These STEP files are fed to the 3D printer’s slicing software to generate different 
GCODE files. There were 8 different GCODE files generated representing the modular 
components described in Section 2 as well. The beauty of modularity allows the printing of 
similar components without modifying the GCODE files; all that was done was to duplicate 
some components such as the base prongs and the bars. If a certain component fails due to 
breaking, only that part is necessary to print which saves time in testing the prototype. 

Metallic silver polylactic acid (PLA) material was used for the base plate, base 
prongs, actuator plate, actuator prongs, bent bar, straight bar, and finger plate components. 
Blue-colored thermoplastic polyurethane (TPU) was used for the finger plate rubber 
component. Figures 9a and 9b illustrates the actual 3D-printed three-claw gripper assembly. 
Several factors and limitations needs to be considered during the prototype realization 
process. Material expansion and shrinkage is inevitable during 3D printing process [29] 
primarily because of different cooling rates induced by variation temperatures throughout 
the duration. Another consideration is the inherent resolution that the 3D printer is capable 
to print and thus, details should be made as large as possible whilst keeping in mind the 
minimization of material usage. Functionality of the 3D printed prototype was required in a 
form of configuring the motion of the joints; in particular, the sizes of the joint holes needed 
for proper actuation needs to be determined correctly. The joints of the design are 8 mm 
holes in size but in order to ensure that the joints perform the intended motion, adjustment 
to the hole diameters has to be made. Printing the part with an 8 mm holes as is creates a 
measured 7.8 mm hole, the resulting in a reduction of 2 mm diameter. In this regard, hole 
sizes of 8.3, 8.4 and 8.5 mm were considered. Accordingly, using an 8.3 mm hole creates a 
press fit hole, 8.4 mm hole is good enough for slip fit and using 8.5 mm creates a loose fit 
already. 

 

 

 

 

 

 

 

 

 

 

 

(a)                                                                                (b) 

Figure 9: Actual 3D-printed three-claw gripper at (a) open position and (b) closed position 
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Conclusions 

The study has proved to be able to realize the design and development of a novel 3D-printed 
three-claw gripper. The 3D printing process involved several iterations in order to determine 
the correct tolerances. Modifications to the 3D model where necessary in order to meet the 
required hole tolerances for proper functionality and motion of joints. Fortunately, the 
modularity in design has substantially helped in minimizing the time needed for 
modifications. Gripping reliability and stability are achieved by utilizing a three-claw gripper 
configuration with material utilization minimization in mind. The use of four-bar linkage 
allows maximum force transfer from linear actuator to the claws, converting the forward-
retract motion into sideways gripping motion. The ability to grasp wide objects is realized 
by calculating the longest bar length whilst minimizing the material utilization. These design 
considerations where needed for the future directive of the research – final design shall be 
fabricated using stainless steel and aluminum materials to be utilized as an end-effector for 
a robotic arm required to lift heavy payloads. 

Acknowledgements 

The proponents would like to express their sincerest gratitude to the Department of Science 
and Technology – Engineering Research and Development for Technology (DOST-ERDT) 
program for making this research possible. 

References 

[1]  X.V. Wang, Z. Kemeny, J. Vancza, and L. Wang, “Human-robot collaborative 
assembly in cyber-physical production: Classification framework and 
implementation,” CIRP Annals, Vol. 66, No. 1, pp. 5-8, 2017. 
https://doi.org/10.1016/j.cirp.2017.04.101 

[2]  C.-C. Wong, H.-M. Feng, Y.-C. Lai, and C.-J. Yu, “Ant colony optimization and image 
model-based robot manipulator system fro pick-and-place tasks,” Journal of Intelligent 
& Fuzzy Systems, Vol. 36, No. 2, pp. 1083-1098, 2019. https://doi.org/10.3233/JIFS-
169883 

[3]  D. Wang, Z. Huang, B. Zi, P. Jiawei, H. Zhang, and L. Zheng, “Simulation and analysis 
of mechanical characteristics of a 6-dof spray-painting robot,” In: IEEE International 
Conference on Mechatronics and Automation (ICMA), Tianjin, China, 2019. 
https://doi.org/10.1109/ICMA.2019.8816580 

[4]  H.-J. Chung, E.-J. Jung, G. Chung, J.-K. Ryu, D.H. Jeon, and J.C. Lee, “Modeling of 
motion simulation of welding robot manipulator with external force interaction,” In: 
5th International Conference on Mechatronics and Robotics Engineering (ICMRE), 
Rome, Italy, 2019. https://doi.org/10.1145/3314493.3314518 

[5]  P. Weis, A. Grobmann, C. Clemen, and C. Mittelstedt, “Optimization and re-design of 
a metallic riveting tool for selective laser melting - A case study,” Additive 
Manufacturing, Vol. 31, p. 100892, 2019. 
https://doi.org/10.1016/j.addma.2019.100892 

[6]  L. Sun, F. Liang, and L. Fang, “Design and performance analysis of an industrial robot 
arm for robotic drilling process,” Industrial Robot, Vol. 46, No. 1, pp. 7-16, 2019. 
https://doi.org/10.1108/IR-06-2018-0124 

[7]  L. Johannsmeier, and S. Haddadin, “A hierarchical human-robot interaction-planning 
framework for task allocation in collaborative industrial assembly processes,” IEEE 
Robotics and Automation Letters, Vol. 2, No. 1, pp. 41-48, 2017. 
https://doi.org/10.1109/LRA.2016.2535907 

[8]  FANUC, “Industrial robots for manufacturing,” 2019. [Online]. Available: 
https://www.fanucamerica.com/products/robots. [Accessed: December 2019]. 



 

ASEAN Engineering Journal, Vol 11 No 4 (2021), e-ISSN 2586-9159 p. 78 

 

[9]  M. Abdeetedal, and M.R. Kermani, “An open-source integration platform for multiple 
peripheral modules with Kuka robots,” CIRP Journal of Manufacturing Science and 
Technology, Vol. 27, pp. 46-55, 2019. https://doi.org/10.1016/j.cirpj.2019.08.003 

[10]  O. Oshin, E.A. Bernal, B.M. Nair, J. Ding, R. Varma, R. W. Osborne, E. Tunstel, and 
F. Stramandinoli, “coupling deep discriminative and generative models for reactive 
robot planning in human-robot collaboration,” In: IEEE International Conference on 
Systems, Man, and Cybernetics (SMC), Bari, Italy, 2019. 
https://doi.org/10.1109/SMC.2019.8913974 

[11]  S. Rezazadeh, W. Bai, M. Sun, S. Chen, Y. Lin, and Q. Cao, “Robotic spinal surgery 
system with force feedback for teleoperated drilling,” The Journal of Engineering, Vol. 
2019, No. 14, pp. 500-505, 2019. https://doi.org/10.1049/joe.2018.9407 

[12]  Q. Huang, and J. Lan, “Remote control of a robotic prosthesis arm with six-degree-of-
freedom for ultrasonic scanning and three-dimensional imaging,” Biomedical Signal 
Processing and Control, Vol. 54, p. 101606, 2019. 
https://doi.org/10.1016/j.bspc.2019.101606 

[13]  R. French, H. Marin-Reyes, G. Kapellmann-Zafra, and S. Abrego-Hernandez, 
“Development of an intelligent robotic additive manufacturing cell for the nuclear 
industry,” In: International Conference on Applied Human Factors and Ergonomics, 
Washington D.C., United States, 2019. https://doi.org/10.1007/978-3-030-20494-5_1 

[14]  W. Hong, H. Mansor, N. Khalid, A. Firdaus, I. Ismail, S. Kanafiah, and H. Ali, “Design 
consideration of gripper control for mine detector robot,” Journal of 
Telecommunication, Electronic and Computer Engineering, Vol. 10, No. 1-15, pp. 
107-110, 2018.  

[15]  X. Ling, Y. Zhao, L. Gong, C. Liu, and T. Wang, “Dual-arm cooperation and 
implementing for robotic harvesting tomato using binocular vision,” Robotics and 
Automation Systems, Vol. 114, pp. 134-143, 2019. 
https://doi.org/10.1016/j.robot.2019.01.019 

[16]  A. Roshanianfard, N. Noguchi, and T. Kamata, “Design and performance of a robotic 
arm for farm use,” International Journal of Agricultural and Biological Engineering, 
Vol. 12, No. 1, pp. 146-158, 2019. https://doi.org/10.25165/j.ijabe.20191201.3721 

[17]  C. Lytridis, C. Bazinas, G.A. Papakostas, and V. Kaburlasos, “On measuring 
engagement level during child-robot interaction in education,” In: International 
Conference on Robotics in Education, Vienna, Austria, 2019. 
https://doi.org/10.1007/978-3-030-26945-6_1 

[18]  I.A. Tsokalo, H. Wu, G.T. Nguyen, H. Salah, and F.H. FItzek, “Mobile edge cloud for 
robot control services in industry automation,” In: 16th IEEE Annual Consumer 
Communications & Networking Conference (CCNC), Las Vegas, Nevada, United 
States, 2019. https://doi.org/10.1109/CCNC.2019.8651759 

[19]  L. Birglen, T. Laliberté, and C. Gosselin, Underactuated Robotic Hands, Springer-
Verlag, Berlin, Germany, 2008.  

[20]  K. Telegenov, Y. Tlegenov, and A. Shintemirov, “A low-cost open-source 3-D-printed 
three-finger gripper platform for research and educational purposes,” IEEE Access, No. 
638-647, p. 3, 2015. https://doi.org/10.1109/ACCESS.2015.2433937 

[21]  L.U. Odhner, L.P. Jentoft, and M.R. Ckaffee, “A compliant, underactuated hand for 
robust manipulation,” The International Journal of Robotics Research, Vol. 33, No. 5, 
pp. 736-752, 2014. https://doi.org/10.1177%2F0278364913514466 

[22]  S.B. Backus, and A.M. Dollar, “An adaptive three-fingered prismatic gripper with 
passive rotational joints,” IEEE Robotics and Automation Letters, Vol. 1, No. 2, pp. 
668-675, 2016. https://doi.org/10.1109/LRA.2016.2516506 



 

ASEAN Engineering Journal, Vol 11 No 4 (2021), e-ISSN 2586-9159 p. 79 

 

[23]  F. Boccardi, R.W. Heath, A. Lozano, T.L. Marzetta, and P. Popovski, “Five disruptive 
technology directions for 5G,” IEEE Communications Magazine, Vol. 52, No. 2, pp. 
74-80, 2014. https://doi.org/10.1109/MCOM.2014.6736746 

[24]  L. Birglen, and T. Schlicht, “A statistical review of industrial robotic grippers,” 
Robotics and Computer-Integrated Manufacturing, Vol. 49, pp. 88-97, 2018. 
https://doi.org/10.1016/j.rcim.2017.05.007 

[25]  I. Gibson, D. Rosen, and B. Stucker, Additive Manufacturing Techniques - 3D 
Printing, Rapid Prototyping, And Direct Digital Manufacturing, New York: Springer 
Science + Business Media, New York City, 2015.  

[26]  M. Thompson, G. Moroni, T. Vaneker, G. Fadel, R. Campbell, I. Gibson, A. Bernard, 
J. Schulz, P. Graf, B. Ahuja, and F. Martina, “Design for additive manufacturing: 
Trends, opportunities, considerations, and constraints,” CIRP Annals, Vol. 65, No. 2, 
pp. 737-760, 2016. https://doi.org/10.1016/j.cirp.2016.05.004 

[27]  W. Gao, Y. Zhang, D. Ramanujan, K. Ramini, Y. Chen, C. Williams, C. Wang, Y. 
Shin, S. Zhang, and P. Zavattieri, “The status, challenges, and future of additive 
manufacturing in engineering,” Computer-Aided Design, Vol. 69, pp. 65-89, 2015. 
https://doi.org/10.1016/j.cad.2015.04.001 

[28]  A. Krishnaraju, R. Ramkumar, and V. Lenin, “Design of Three-Fingered Robot-
Gripper Mechanism,” International Journal on Mechanical Engineering and Robotics 
(IJMER), pp. 18-24, 2015.  

[29]  U. Yaman, “Shrinking compensation of holes via shrinkage of interior structure in 
FDM process,” The International Journal of Advanced Manufacturing Technology, 
Vol. 94, No. 5-8, pp. 2187-2197, 2018. https://doi.org/10.1007/s00170-017-1018-2 

[30]  G. Li, C. Fu, Z. Fuhai, and S. Wang, “A reconfigurable three-finger robotic gripper,” 
In: IEEE International Conference on Information and Automation, Lijiang, China, 
2015. https://doi.org/10.1109/ICInfA.2015.7279534 

 

  


