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ABSTRACT 

The design and structural analysis of robotic arms has become a core element for advancing automation, manufacturing, medical 

processes, and space operations. This study offers a holistic prescription for designing a robotic arm along with material selection and 

mechanical analysis with the intention of developing a robotic arm for industrial applications as outlined in this study. The core 

message of the study was to identify mechanical designs with full mechanical performance while maximizing costs, loads, and 

function. The design incorporated degrees of freedom to mimic human-like dexterity in a pick and place operation and CAD modeling 

was used to make a complete 3D prototype proposal of the robotic arm. Structural analysis was done using a Finite Element Analysis 

(FEA) approach to evaluate stress, strain, and safety factors based on specified loading conditions. The material properties evaluated 

comprise of density, tensile strength, and heat resistant qualities for durability and robustness. The study illustrated the utmost stress 

areas for maximum stress and suggests modifications for improved levels of mechanical efficiency and reduced weight. Furthermore, 

the study optimized actuator choices and joint configurations to reduce energy consumption and improve control precision. This study 

will increase the design knowledge for a high strength and light weight robotic system; and provide pathways for effective merging 

of sensor and feedback control systems in advancement. 

Keywords: Robotic arm, structural analysis, finite element analysis, mechanical design, CAD modeling, automation, actuator 

optimization, material selection, industrial robotics. 

1. INTRODUCTION 
In modern manufacturing industries, automation plays a vital role 

in improving productivity, precision, and operator safety. One 

area where automation is becoming more frequently considered 

is the automation of traditional metal fabrication processes, 

specifically shearing processes[1]. Among the earliest and most 

fundamental metal forming methods are shearing and bending, 

which are extensively used in shaping metal sheets. Shearing, a 

mechanical operation, involves cutting large sheets of metal into 

smaller, predetermined sizes. Shearing is a foundational 

procedure within most industrial fabrication processes and is 

often accompanied by a companion paper shearing process called 

blanking, where the entire perimeter of material is sheared to 

form one closed closed geometry and therefore, separates the 

workpiece from the shearing material[2]. A typical machine 

consists of the following major components; a fixed bed with one 

blade; a vertically moving crosshead with an upper blade; various 

hold downs or foot pins that keep the workpiece secured while 

being cut; and a gauging system, which can include a front and/or 

back gauging system or squaring arm system; for gauging the 

workpiece to size. Shearing operations are not limited to manual 

operations as shearing operations can also be done in mechanical, 

pneumatic, and hydraulic systems. Nevertheless, even with all the 

advances mechanization has provided, some industries still rely 

upon manual operations, which are sometimes risky for the 

worker. Manual operations require the manual collection of the 

raw metal sheets and manually feeding machine, which can be 

laborious and hazardous for both the worker from potentially 

cutting him/herself from cutting edges, handling heavy sheets, or 

making contact with the moving machine parts on the cutting 

machine[2]. To alleviate these issues - and further reduce human 

interaction in unsafe locations - automation of the shear process 

is needed. In this case, the current study focuses on the overall 

design and structural analysis of a robotic arm system that can be 

used to automate the pick-and-place activities for feeding metal 

sheets to the shear process. The suggested system consists of the 

design of a robotic arm fitted with suction cups to assist lifting 

and relocating metal sheets from a stack onto the conveyor belt 

of a shear machine. The suction cups act as holders with vacuum 

grips so that the metal sheets can be lifted without slipping or 

damage. This automation is supplemented by a sheet guiding 

mechanism that allows sheets to correctly align for the shear 

process. The robotic arm is conceptualized as a pick-and-place 

mechanism suitable for industrial applications[2]. Many inputs 

have been considered for the arm design, including mechanical 

structure, materials strength, degrees of freedom, actuator 

requirements, and safety considerations. The arm must operate 

with reliability and efficiency to complete repetitive tasks, 

therefore significantly reducing the human workloads in 

environments that expose workers to hazards. Operators will be 

transitioned from a manual feed into robotic automation while 

further mitigating operators’ risks when handling hazardous 

materials. Additionally, applying a robotic system is expected to 

provide considerable operational efficiency gains: lowering cycle 

time, achieving consistency of sheet location, and preventing 

downtime through unintentional human fatigue or mistakes[3]. 

Automating shearing aligns with the motivations of Industry 4.0, 

where smart manufacturing systems use robotics, machine 

learning, and control systems to assemble devices or products in 

a streamlined manner. This project will first provide a complete 

structural and functional design of the robot arm, and then 

conduct a series of simulations to investigate the arm's strength, 

flexibility, and longevity in various loading conditions. Structural 

simulation will provide some understanding of how robotic 

components respond to operational stresses, and whether they 

provide a reliable construction over time[4]. When completed, 

the intent is to shift a completely manual, inherently dangerous 

process into a fully automated system that maintains safety and 

productivity, while being responsible for establishing future 

potential for other types of industrial automation in sheet metal 

processing. 

2. LITERATURE REVIEW 
Gurudu Rishank Reddy et al. (2016) examined the hazard of 

manual shearing operations in an industrial application, which 

consists of raising metal sheets and then placing them on shearing 

belts. This operation is an important part of any automated 

production line and is very risky for the human operator

 [5]. To help reduce that risk, they designed a robotic arm 

with three joints. The robotic arm's base was fixed with a 

combination of vertical and horizontal movable joints. The 
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robotic arm used suction cups as its end effectors which allowed 

it to grip and lift metal sheets without danger to the operator. The 

design phase of their project was created using CAD tools such 

as Creo-Parametric and Autodesk Inventor-2017[6]. Their 

project is significant, allowing the automation of a task that is 

both dangerous to complete by a human and takes a lot of time to 

complete using manual shearing methods. The project offered 

increased safety and productivity over the manual process. 

In a structural optimization study, Er. Sandeep Chowdhry (2022) 

aimed to improve the performance of robotic arms according to 

many structural stiffness and vibration issues. The study involved 

determining the natural frequencies of different parts of the 

robotic arm using Finite Element Analysis (FEA) and optimizing 

through the Response Surface Method (RSM)[7]. It was 

identified that Link 1 had a more significant influence on the total 

mass and natural frequencies compared to the thickness of Link 

2, consequently providing an understanding of design techniques 

to improve the structural rigidity of the robotic arm while 

maintaining a low weight arm. The study provided insights that 

are critical for robotic arms to function with consistency and 

precision in dynamic loading situations. 

Pushpendra Kumar Bhandari et al. (2021) tackled the economic 

limitations of small and medium-sized industries by developing 

a low-cost adaptable pick-and-place robotic arm. Their robotic 

manipulator performed tasks in packaging and automatic 

assembly lines with the ability to lift light and moderate efficient 

loads[8]. The major operation aspect of this work was to 

emphasize modularity in the form of programmable changes, 

allowing different applications to be accessed. By drawing 

inspiration from human anatomy, the manipulator functioned as 

basic body-part modules (ex. waist, shoulder, elbow) for 

anthropomorphic functionality. The robot was tested in real-

world applications of lead batteries with success in moving and 

packing the products. The authors showed that it is possible for 

industries that cannot afford high-end robotic systems to 

implement low-cost automation for their operations. 

Francis N. et al. (2016) undertook a comparative experiment 

using two designs of robotic arms, a circular and square design. 

They tested the arms with three groups of materials, steel, AL356, 

and ARAMID epoxy[9]. They modeled all three materials in 

CAD design software called Creo-2, and simulated some of the 

real-time boundary conditions while modeling the parameters of 

the stress, deformation, shear stress, and ultimately the strain. 

Their analysis informed the performance of each material in 

response to operational stress, providing the foundation to make 

data-driven decisions regarding which robot configuration and 

set of materials, would be most efficient for a variety of specific 

applications that needed a light weight application or low-stress 

outcome application[10]. This comparative study empowered the 

case for the progeny of material science development to impact 

robotic arm performance. 

Anurag Singh and Rashmi Arora (2020) studied the static stresses 

and deformations of a five degree of freedom robotic arm by 

modeling with SolidWorks and simulating with ANSYS[11]. 

They performed a finite element analysis (FEA) on the arm by 

loading the robotic assembly to simulate the arm with multiple 

additional payloads to determine the most weak areas of the 

robotic assembly that would likely break. This study provided 

suggestions to redesign the mechanical designs to consider 

tensile, shear, and torsional stresses during load to prevent 

breaking during use. They allow for the robotic arm to be 

effective, increase reliability, mechanical performance, and life 

span. This study acknowledges the importance of structural 

analysis in the initial design stage[12]. This is a very relevant 

study for applications involving high precision and accuracy, 

such as automation (industrial or manufacturing) and medical 

applications. 

Robotic systems with mobility and particular application 

capabilities are being created by E. Vijayaragavan et al. (2018) 

and Hancheng Jiang et al. (2023). Vijayaragavan based their 

system specifically on warehouse automation to create a version 

autonomy for storage and retrieval based on a lead screw and 

differential drive[13]. In contrast, Jiang designed a quadruped 

climbing robot with superior mechanical structure, weight 

distribution, and uniformity of stresses verified by FEA. Both 

studies essentially reveal ways that robotic arms and mobility 

systems can be designed to produce complex tasks, like high-

reach storage, or better tree navigational mobility, providing both 

versatility and functionality regardless of environment. 

J.C. Hsiao et al. (2020) proposed a surrogate based evolutionary 

optimization approach for robotic arms to reduce design burden 

while also improving function. In his research paper they utilized 

a new combined methodology of response surface method and 

multi-objective evolutionary algorithms in search of the optimal 

arm shape to achieve high speed. They took advantage of several 

tools (CAD Inventor and ANSYS) to trigger and assess robotic 

arm functionality. Similarly, Mustafa Bugday (2019) assessed 

numerous industrial robotic arms brand to identify redundant 

mass across robotic arm links while maintaining structural 

stiffness[14]. He noted that it was possible to reduce the mass of 

the second axis by 10% while achieving the same performance 

characteristics, which will ultimately yield beneficial gains in 

efficiency, torque motor performance sustainability, and 

subsequently stiffness in relation to mass[15]. 

With implementation of multilevel optimization methods 

Bhupender et al (2016) and Shaoping Bai et al. (2011) extended 

the understanding of robotic arm design[16]. Bhupender 

developed a three-level scheme where drivetrain options, 

structural parameters, and FEA based deformation evaluations 

could proceed in integrated optimization effort, where the lowest 

mass of the robot arm could be found subject to some stiffness 

constraints; Bai developed an integrative model of kinematic, 

dynamic, and structural optimization that used discrete 

optimization. Both the developments contributed to our 

collective understanding of the process of robotic design; they 

illustrate the possibilities of implementing systematic 

multidisciplinary approaches to robot design with performance 

specifications and mechanical and functional specifications for 

lightweight next-generation robotic arms[17]. Taken together, 

their work contributes to systems for designing robots to maximal 

efficiencies for dynamic industrial manipulation tasks. 

3. RESEARCH METHODOLOGY 
The design and drafting phase of the robotic arm limited human 

exposure in the handling of metal sheets, particularly in the 

shearing operation, which involves the highest risk. The shearing 

operation requires the movement of one sheet at a time from the 

stack and is highly accurate[18]. Electromagnets would be 

dangerous as it is easy to accidentally pick up more than one 

sheet, resulting in a dangerous situation (for both the robot and 

the operator) while simultaneously damaging the shearing blades. 

Therefore, suction cups were used on the end effector as the 

means for single sheet holding and pick-up. When considering 

the design options, the robot arm was eventually chosen instead 

of a conveyor system for two reasons: physical space and 

mobility[19]. The placement of the system offered very little 

http://www.ijsrem.com/
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space, and due to the size of the shearing machine, the physical 

modification required would not have supported a conveyor 

system. The robotic arm was selected based on being compact 

and small enough for these restraints. Also, robotic arms are 

mobile and, should the need arise to relocate the arm, they could 

be easily moved as opposed to a conveyor system. 

 

Figure No. 1 Research Methodology 

The robotic arm's mechanical design was the focus of the work 

and involved some forethought and parameterization. The arm 

was designed after the human arm's backbone, with five joints 

and segments to embody some natural movement[20]. The 

project aimed to have this robot lift, carry, and place metal sheets. 

Thus, smooth and controlled movement was important to avoid 

slipping off the sheets when lifting or dropping. The end effector 

design was focused on functionality and reliability. The design 

ultimately chose suction cups over magnets for the end effector, 

as suction cups cannot provide cause for double-sheet pick-

up[21]. Each joint of the robotic arm had different calibrated 

speeds based on its angle and axis of rotation. The payload of 

each joint was analysed to ensure its capacity could accompany 

the weight of the robot arm's components, and the weight of the 

metal sheet. There was also a concern regarding the reachability 

of the robotic arm. Vertical and horizontal reach parameters were 

gathered and calculated from the outcome of the work in a 

confined workspace. Although it may be common to utilize six-

axis robots in industrial settings, five axes were determined have 

enough range for this project. This gave a reasonable amount of 

flexibility required to achieve success. 

Following the individual component design in CREO Parametric 

3.0, the assembly of the robotic arm was executed in ANSYS 

Workbench to simulate and analyze its structural behavior. The 

assembled robotic arm incorporated the arm segments, wrist, and 

suction-cup-based end effector. The complete system supported 

six degrees of freedom, enabling movement across three 

translational axes (surge, heave, sway) and three rotational axes 

(pitch, yaw, roll). This allowed for a versatile range of motion 

suitable for the intended task. Each component played a critical 

role in achieving synchronized, stable motion[22]. The yellow-

highlighted rotating part managed axis rotation, while the red and 

brown components handled vertical articulation. Particular 

attention was given to the wrist and end effector, as they directly 

influence the grip and accuracy during pick-and-place 

operations[23]. The simulation confirmed the feasibility and 

stability of the robotic structure under realistic operational loads 

and guided further refinements in design parameters. Material 

selection was a critical aspect of the robotic arm’s development, 

requiring a balance between mechanical performance and cost-

effectiveness. The team referred to Mike Ashby’s material 

selection charts, particularly those comparing strength versus 

density and strength versus cost. Aluminium 6061 was chosen for 

most components due to its favorable strength-to-weight ratio, 

corrosion resistance, and machinability. This alloy offers 

sufficient tensile strength and yield capacity for general-purpose 

robotic applications. This allowed the robotic arm to be 

lightweight without sacrificing structural integrity. Part 5 had 

minimal load-bearing ability with aluminium, which is why 

CFRP was adopted (it is much lighter and stronger than 

aluminium)[24]. CFRP is more costly, but it was selected because 

of our performance criteria and the minimal contribution to 

overall weight. There were no stainless-steel moving parts 

because it was imperative to minimize the inertial load on the 

robotic arm. The selection of aluminium and CFRP would fulfill 

a suitably strong and lightweight design without being too 

expensive. 

The different modeling and structural analysis programs 

contributed to the design and validation steps of the robotic arm. 

The team selected CATIA V5 for 3D modeling because of a 

robust part design, assembly modeling, and surface networking 

tools[25]. The modular aspect of CATIA V5, including the Part 

Design workbench, Assembly Design workbench, and Sheet 

Metal workbench, provided intuitive component modeling for 

accuracy and flexibility. For example, CATIA is a preferred 

choice of tools for parametric modeling, which enabled the team 

to update designs in real-time and maintain design integrity while 

building out each component. The team also made use of Digital 

Mock-up (DMU) tools in CATIA, to envision and analyze the 

robotic arm's operation in a three-dimensional virtual space 

before physical prototyping. This prevented structural errors and 

helped the team make determinations about successfully 

integrating components and coordinating component 

movement[26]. Following the design stage, the team proceeded 

to structural validation using ANSYS 16.0. ANSYS Mechanical 

supplied the tools the team needed to analyze the stress and strain 

placed on each component while operational loads were being 

placed on the robotic arm. ANSYS Rigid Dynamics module was 

used to simulate motion behaviors, articulating the joints, 

transferring loads, and responding to collision and contact events; 

behaviours which were both an essential part of validating 

operational efficiency.  ANSYS also allowed for rigid body 

dynamics simulations of the robotic arm as a multibody system. 

These simulations are essential for understanding how parts of 

the robotic arm operate in relation to one another throughout 

motion. Some applications included: mechanism analysis (e.g. 

gears, linkages, etc.), impact analysis (for collision or emergency 

stops), and vibration analysis (e.g. repetitive motion oscillation 

predictions)[27]. The joints of the robotic arm, especially those 

that carry mass loads or undergo repeated loading cycles, were 

examined under dynamic loading conditions to check consistent 

operation and safe handling. The simulations ultimately provided 

an understanding of how the robotic arm would react during 

different scenarios, such as sudden stops from full speed, instant 

accelerations, and full capacity payloads. As manufacturing 

capabilities grow, these simulation capacities are advantageous 

as they reduce the fabrication of expensive prototypes and hasten 

overall design and fabrication times, When the virtual 

prototyping was used through ANSYS, the design was improved 

and system function was enhanced and reliability improved prior 

to operation. 

http://www.ijsrem.com/
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When the team was selecting the best material for the robotic 

arm, they evaluated not just mechanical strength and cost, but 

also dynamic performance of the assembled arm. For most 

components, they deemed Aluminium 6061 an acceptable option 

based its moderate density and reasonable tensile properties. 

With its relatively low density, the availability of Aluminium 

6061 made it relatively cheap and machineable[28]. However, for 

a few specific parts, like the end segment which held the suction 

cups and would be subjected to greater loads, a higher performing 

material, such as ,were desirable . CFRP was tested as an 

alternative because of its excellent strength-to-weight ratio. 

Simulation data indicated that CFRP increased load capacity 

without carrying additional mass, which can lead to significant 

change in dynamic behaviour and motion. However, because of 

the increased cost of CFRP compared to Aluminium 6061, it was 

strategically incorporated into the material recommendations, 

because its performance advantage outweighs the cost[29]. This 

blend of materials produces components that each contributed the 

most to the overall performance of the robotic arm. In addition, 

the combination of CATIA and ANSYS provided a robust 

workflow for design validation. The base geometry was built 

using CATIA, while the simulation aspect was modeled in 

ANSYS. These two pieces of software allowed for a more 

thorough analysis of mechanical motion, load distributions, and 

structural stresses. The robotic arm's capability to provide motion 

as a six-degree-of-freedom, both theoretically and through 

simulation, was verified through the use of each program. Rigid 

body dynamics was used to characterize the anticipated responses 

of each axis to operational input, as well as what could be 

expected when the robotic arm was under the influence of real-

world constraints[30]. The result was the design of a robotic arm 

that was engineered to a set of conditions when it was designed, 

but was also simulated to evaluate the robotic arm had a safe, 

reliable, and operationally efficient presence before it was used 

for actual purposes. 

4. MODELING AND ANALYSIS 
1. Needle Robotic Arm  

 

Figure No.1 Needle Robotic Arm 

 Part 1 

 

Figure No.2 CAD Part 1 

The base radius of Part 1 of the robotic arm is 0.12 m, with an 

overall length of 0.11 m. Additionally, it has a small circular 

feature with a radius of 0.0015 m. The above measures will help 

by confirming stability, fitment and compatibility with the 

robotic arm. 

Part 2 

 

Figure No.3 CAD Part 2 

Part 2 of the robotic arm has a base radius of 0.053 meters and 

total length of 0.2 meters long. There is also a small circular 

feature with a radius of 0.0015 meters. These dimensions are 

important for keeping adequate structural coincident alignment 

and for proper mechanical connectivity within the robotic arm. 

Part 3 

 

Figure No.4 CAD part 3 

In Part 3 of the robotic arm, the radius of the bottom circle 

deviates from the pipe with a radius of 0.025 [m] and the total 

length is, approximately, 0.241 [m].  The part also features a 

small circle 0.018 [m] in radius with a thickness of 0.042 [m].  

The dimensions provide the structural integrity needed to allow a 

few cycles of movement and joint load distribution of the robotic 

arm. 

http://www.ijsrem.com/
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Part 4 

 

Figure No.5 CAD part 4 

The robotic arm Part 4 has a large circle radius of 0.025 meters 

and a length of 0.093 meters. The part also includes a small circle 

with a radius of 0.01 meters with a thickness of 0.03 meters. 

These dimensions are based on the design and consideration for 

strength, size, and proper alignment in the assembly of the robotic 

arm. 

Part 5 

 

Figure No.6 CAD part 5 

Part 5 of the robotic arm has a radius of 0.01 m, a length of 0.054 

m, and a thickness of 0.03 m. These compact dimensions are 

applicable to the end effector section, providing the precision and 

support for the gripping and manipulating of objects in the 

operation of the robotic arm. 

Part 6 

 

Figure No.7 CAD Part 6 

Part 6 of the robotic arm has a circle radius of 0.008 m and a 

length of 0.054 m, and a circle radius at the needle of 0.003 m. 

The thickness is 0.02 m. These dimensions enable precision 

components where accurate transmission, and light weight, of 

motion in the end part of the robotic arm was critical design 

selection. 

 

2 Three Joint Robotic ARM 

 

Figure No.8 Prototype Robotic ARM 

Part 1  

 

Figure No.9 CAD part 1 

Part 1 of the robotic arm has a base circle of radius 0.12 meters 

and a total length of 0.2 meters. There are also a small circle, 

radius 0.05 meters. The above dimensions are important for the 

structure to provide the whole robotic arm bottom support and 

stability. 

Part 2 

 

Figure No.10 CAD part 2 

In Part 2 of the robotic arm, the robot relies on the base circle 

(radius = 0.10 m) and overall length ( l = 0.3 m). The top end 

circle has a radius of 0.04 m. All dimensions are crucial to deliver 

the load and have a smooth interface with the adjacent 

components within the robotic arm assembly. 

Part 3 

http://www.ijsrem.com/
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Figure No.11 CAD part 3 

Part 3 of the robotic arm has a total length of 0.16 meters and a 

circle radius of 0.02 meters. These dimensions fall under the 

intermediate linkages; therefore, we will get the appropriate 

amount of strength and flexibility in the structural framework of 

the robotic arm. 

Part 4  

 

Figure No.12 CAD part 4 

Part 4 of the robotic arm has a circle radius of 0.04 meters, an 

overall length of 0.4 meters, a thickness of 0.08 meters, and a 

width of 0.153 meters. These measurements indicate that this part 

is meant for structural support and stability, which is essential to 

assist in distributing the loads on the robotic arm and to maintain 

rigidity during the tasks it performs. 

Part 5 

 

Figure No.13 CAD part 5 

Because Part 5 of the robotic arm has a circle radius of 0.04 

meters, a total length of 0.6 meters, a thickness of 0.08 meters, 

and a width of 0.2 meters, it is reasonable to assume that this part 

is a main structural part, meant to distribute load, as well as stay 

in alignment and stability of the robotic arm assembly. 

Part 6 

 

Figure No.14 CAD part 6 

Part 6 of the robotic arm is circular with a radius of 0.025 meters 

and a total length of 0.15 meters. Part 6 also features a center 

hollow circle with radius 0.02 meters and width 0.24 meters. A 

full circle was not chosen because this provides efficiency of 

materials, reduces weight and provides strength in the overall 

body of the arm assembly. 

Part 7 

 

Figure No.15 CAD part 7 

Part 7 of the arm has a radius of 0.022 m, a total length of 0.4 m, 

and a height of 0.4 m. These dimensions indicate that this part is 

likely a structural portion that is vertical and adds to the overall 

height, as well as vertical support structure of the robotic arm. 

3. Needle Robotic Arm  

 

Figure No.16 Total deformation 1 

The Fig. 16 displays the modal deformation of the needle robotic 

arm the least deformation is 0 mm and the maximum total 

deformation is 27.438 mm. Maximum distortion is shown by the 

color red, while minimal deformation is shown by the color blue. 

http://www.ijsrem.com/
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Figure No.17 Total deformation 2 

The Fig. 17 displays the modal deformation of the needle robotic 

arm the least deformation is 0 mm and the maximum total 

deformation is 27.438 mm. Maximum distortion is shown by the 

color red, while minimal deformation is shown by the color blue. 

3. Total Deformation 3 

 

Figure No.18 Total deformation 3 

The Fig. 18 displays the modal deformation of the needle robotic 

arm the least deformation is 0 mm and the maximum total 

deformation is 26.698 mm. Maximum distortion is shown by the 

color red, while minimal deformation is shown by the color blue. 

4. Total Deformation 4 

 

Figure No.19 Total deformation 4 

The Fig. 19 displays the modal deformation of the needle robotic 

arm the least deformation is 0 mm and the maximum total 

deformation is 30.176 mm. Maximum distortion is shown by the 

color red, while minimal deformation is shown by the color blue. 

 

 

 

5. Total Deformation 5 

 

Figure No.20 Total deformation 5 

The Fig. 20 displays the modal deformation of the needle robotic 

arm the least deformation is 0 mm and the maximum total 

deformation is 77.125 mm. Maximum distortion is shown by the 

color red, while minimal deformation is shown by the color blue. 

6. Total Deformation 6 

 

Figure No.21 Total deformation 6 

The Fig. 21 displays the modal deformation of the needle robotic 

arm the least deformation is 0 mm and the maximum total 

deformation is 89.048 mm. Maximum distortion is shown by the 

color red, while minimal deformation is shown by the color blue. 

7. Total Deformation 7 

 

Figure No.22 Total deformation 7 

The Fig. 22 displays the modal deformation of the needle robotic 

arm the least deformation is 0 mm and the maximum total 

deformation is 112.5 mm. Maximum distortion is shown by the 

color red, while minimal deformation is shown by the color blue. 
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2 Three Joint Robotic Arm  

1. Total Deformation 1 

 

Figure No.23 Total deformation 

The Fig. 23 displays the modal deformation of the Three joint 

robotic arm the least deformation is 0 mm and the maximum total 

deformation is 7.08 mm. Maximum distortion is shown by the 

color red, while minimal deformation is shown by the color blue. 

2. Total Deformation 2 

 

Figure No.24 Total deformation 2 

The Fig. 24 displays the modal deformation of the Three joint 

robotic arm the least deformation is 0 mm and the maximum total 

deformation is 7.08 mm. Maximum distortion is shown by the 

color red, while minimal deformation is shown by the color blue. 

3. Total Deformation 3 

 

Figure No.25 Total deformation 3 

The Fig. 25 displays the modal deformation of the Three joint 

robotic arm the least deformation is 0 mm and the maximum total 

deformation is 11.294 mm. Maximum distortion is shown by the 

color red, while minimal deformation is shown by the color blue. 

 

 

4. Total Deformation 4 

 

Figure No.26 Total deformation 4 

The Fig. 26 displays the modal deformation of the Three joint 

robotic arm the least deformation is 0 mm and the maximum total 

deformation is 19.84 mm. Maximum distortion is shown by the 

color red, while minimal deformation is shown by the color blue. 

5. Total Deformation 5 

 

Figure No.27 Total deformation 5 

The Fig. 27 displays the modal deformation of the Three joint 

robotic arm the least deformation is 0 mm and the maximum total 

deformation is 16.804 mm. Maximum distortion is shown by the 

color red, while minimal deformation is shown by the color blue. 

6. Total Deformation 6 

 

Figure No.28 Total deformation 6 

The Fig. 28 displays the modal deformation of the Three joint 

robotic arm the least deformation is 0 mm and the maximum total 

deformation is 18.08 mm. Maximum distortion is shown by the 

color red, while minimal deformation is shown by the color blue. 
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7. Total Deformation 7 

 

Figure No.29 Total deformation 7 

The Fig. 29 displays the modal deformation of the Three joint 

robotic arm the least deformation is 0 mm and the maximum total 

deformation is 29.345 mm. Maximum distortion is shown by the 

color red, while minimal deformation is shown by the color blue. 

 

5. RESULTS AND DISCUSSION 
 

 

Graph No. 1 Total Deformation 

The bar chart above depicts total deformation in mm for the One 

Needle Robotic Arm and the 3 Jointed Robotic Arm. From the 

chart, the One Needle Robotic Arm had a total deformation of 

approximately 0.6 mm while the 3 Jointed Robotic Arm had a 

total deformation of approximately 1.6 mm. This shows that the 

One Needle Robotic Arm has a higher structural stiffness and is 

more resistant to deformation while being loaded. To put it 

simply, the One Needle model had less displacement than the 3 

Jointed Robotic Arm because of the increased flexibility due to 

the additional joints. Therefore, especially when it comes to high 

precision and structural stability applications, the One Needle 

Robotic Arm is the better option, while the 3 Jointed Robotic 

Arm is a superior choice if you are looking to gain flexibility in 

the robotic arm. 

 

Graph No.2 Equivalent Stress 

The "Equivalent Stress in MPa" for two versions of robotic arms 

is displayed in the table 5.2. It can be seen from the data that the 

equivalent stress of the "One needle robotic arm" (15.22 MPa) is 

much less compared to that of the "3 Jointed robotic arm" (31.051 

MPa). This indicates that the former could be subjected to more 

mechanical loads or structural requirements, and these could 

necessitate stronger materials or design factors. 

 

Graph No. 3 Equivalent Elastic Strain 

The table 5.3 compares "Equivalent Elastic Strain" values for two 

variations of robotic arms. Evidently, the "One needle robotic 

arm" (9.23E-05) has a slightly lower elastic strain (1.02E-04) 

compared to the "3 Jointed Robotic Arm." It would seem that the 

"3 Jointed Robotic Arm" bends much more elastically when 

loaded, which perhaps suggests that the material characteristics 

and structural integrity of the design must be closely considered. 

 

Graph No. 4 Normal Stress 

The table 5.4 presents "Normal Stress in MPa" for two designs of 

robotic arms. Obviously, the typical stress of the "3 Jointed 

Robotic Arm" (1.44E+01 MPa) is several times greater than that 

http://www.ijsrem.com/
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of the "One Needle Robotic Arm" (2.99E+00 MPa). This 

indicates that the "3 Jointed Robotic Arm" is subjected to much 

greater mechanical forces, which could require better materials, 

structural strength, or load-carrying capacity in the design. 

 

Graph No. 5 Normal Stress 

The table 5.4 illustrates "Strain Energy in mJ" for two layouts of 

robotic arms. It is evident that the strain energy value of the "3 

Jointed Robotic Arm" (7.56E+00 mJ) is significantly greater than 

that of the "One needle robotic arm" (2.23E+00 mJ). This 

indicates that during operation, the "3 Jointed Robotic Arm" 

stores much more elastic energy, indicating that tough materials 

and structural considerations might be required to appropriately 

control and dissipate this energy. 

6. CONCLUSION 
The structural analysis and design of the robotic arm were 

conducted to solve particular industrial problems, specifically 

those involving moving metal sheets from a densely stacked pile 

into a shearing machine. The constricted working space around 

the shearing arrangement made conventional processes such as 

conveyors less efficient, hence the necessity for a compact and 

flexible robotic arm. Extensive simulation and testing were 

conducted, such as load-carrying capacity, stress analysis, range 

of motion, and deformation behavior in working conditions. The 

findings confirm that the prototyped robotic arm can effectively 

execute its assigned functions under the industrial limitations. a 

comparative analysis of a one-needle robotic arm and a three-

jointed robotic arm identified huge benefits in terms of 

performance. The one-needle robotic arm has better rigidity with 

a total deformation of only 0.3 mm, while the three-jointed 

robotic arm deformed by 1.192 mm, which is more ideal to be 

used in those that are flexible in nature. Based on the equivalent 

stress, the one-needle arm had 15.22 MPa, close to half of the 

31.051 MPa recorded for the three-jointed model. Likewise, the 

corresponding elastic strain was also lower in the one-needle arm 

(9.23E-05) than in the three-jointed arm (1.02E-04), which means 

the arm sustained less elastic deformation under load. Normal 

stress likewise followed the same trend, with the three-jointed 

arm hitting 14.4 MPa against 2.99 MPa for the one-needle model. 

Strain energy absorbed was 7.56 mJ in the three-jointed arm, far 

greater than the 2.23 mJ seen for the one-needle arm. The results 

highlight that although the three-jointed structure is flexible, it 

needs to be carefully optimized with regard to the material and 

structure. The study offers rich insight into robotic arm choice 

according to operating conditions, allowing for a balance of 

stiffness, stress resistance, and flexibility for effective operation. 
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