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Abstract— The use of robots have become very essential in 

the manufacturing industries, it can accomplish repetitive and 

complex tasks quiet easily and also allows automation of the 

same. With the technological advancement, robotics has 

become more precise and accurate. The purpose of this 

project is to study the use of a three link robotic arm 

(SCARA), with various actuators, controllers, and drivers. 

The arm is designed following the physical principles 

governing static and dynamic requirements of motion. 

Component design and selection is made to meet 

performance and physical properties. Fixture for vacuum 

gripper is designed to lift the glass object. Analysis of the 

robotic arm is carried out using ANSYS. 
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I. INTRODUCTION 

Robotics is a special engineering science which deals with 

designing, modeling, controlling and robots' utilization. The 

range of robots' utilization is very wide, from toys through 

office and industrial robots finally to very sophisticated ones 

needed for space exploration. A large family of 

manufacturing equipment among the variety, which exists, is 

the one which supplies the motion required by a 

manufacturing process, such as: arc-welding, spray painting, 

assembly, cutting, polishing, milling, drilling etc. Different 

manipulator configurations are available as rectangular, 

cylindrical, spherical, revolute and horizontal jointed. 

 SCARA (which stands for Selectively Compliant 

Articulated Robot Arm) is a specialty robot which has two 

parallel rotary joints to provide compliance in a plane. A third 

prismatic joint allows the arm to translate vertically. SCARA 

robots differ from articulated robots in that its workspace 

consists of two concentric cylinders, demonstrated in figure 

6. This robot arm is specialized for assembly operations that 

involve placing parts on top of one another. The gripper can 

raise, lower, and rotate to orient the component to be 

assembled. 

A. Robotic System Components 

Robotic system components can be grouped into one of three 

categories: 

1) Actuator 

The mechanism that provides the necessary forces to move 

the mechanical structure. 

2) Controller Circuit 

Supplies the actuators with the input required to achieve the 

desired position, force, speed, etc. 

3) Mechanical Structure 

This comprises all of the linkages and joints capable of 

movement. 

B. Programming of Robots 

There are three methods used in the development of software 

for industrial or personal robots. 

 First method is the teaching method. This method 

consists in showing a robot what to do, with an accessory call 

"teaching pendant". 

 The second method of programming a robot is the 

comprehensive method. This method is known in the industry 

as "world modeling" method. Instead of showing a robot what 

to do, this method simulates a robot procedure using three 

dimensional geo-metric models. By simulating robot actions 

on a screen using geometry based on Cartesian coordinates, 

each step can be indicated by using the model. The problem 

with this method is that it assumes that the robot will operate 

the way the model operates. 

 The third method consists of a robot and computer 

programming language. In most cases, a high-level 

programming language is used along with a suitable subset of 

motion and manipulation commands. The focus of this 

method is on the end-effector or manipulator, and on the 

instructions of what the end-effector is to do in each step of 

the way. There are various kinds of programming languages 

used in robotics 

II. KINEMATIC ANALYSIS 

A. Hartenberg-Denavit (HD) Convention 

A systematic technique for establishing the displacement 

matrix for each two adjacent links of a mechanism was 

proposed by Hartenberg and Denavit in 1955. This 

convention will be used in this investigation. The HD 

convention is mainly implemented in robot manipulators, 

which consist of an open kinematic chain in which each joint 

contains one degree of freedom and the joint is either revolute 

or prismatic. 

 
Fig. 1: SCARA Robot 

 
Table 1: D-H Parameters of Cylindrical Robot 
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B. Kinematics 

The final position so obtained by kinematics and inverse 

kinematics is, 

 
Which is, 

Coordinates (Px Py, Pz)= (-225,175,-500). 

So, the coordinates of desired location is (-225, 175,-500). 

III. DESIGN & ROBOT SPECIFICATIONS 

SR. 

NO. 
NAME SPECIFICATION 

1 type SCARA 

2 payload 2 kg 

3 Lifting height 100 mm 

4 
Drive 

configuration 

Servo motor of 0.303 Nm 

and 5000 rpm 

5 
Worm wheel 

diameter 
80 mm 

6 Worm diameter 
32 mm 

 

7 Frame material Aluminium 

8 
Diameter of 

vacuum cup 
33 mm 

Table 2: Specification of Robot 

SR. NO. LINK MOVEMENT 

 Link1(link with fork) 180 degree( revolute) 

 Link 2(middle link) 180 degree(revolute) 

 Link 3(lead screw) 100 mm 

Table 3: Specification of Link Movement 

A. Specifications of Links 

1) Gripper Beam 

Beam attached to the gripper is hollow beam with cross 

sections of 50mm x 50mm with 3mm thickness. 

Its length should be more than the gripper length of 300mm, 

here it is taken as 400 mm. 

 Link 1 (Link with Fork)  

It is a rectangular beam with cross sections of 75mm x 50mm 

and length of 175 mm. 

 Link 2 (Middle Link) 

It is a beam with cross-section area of 75mm x 30mm and 

length of 225 mm. 

2) Worm 

It has diameter of 32 mm and length of the lead screw it 200 

mm, it should be more than lifting height, which is 100 mm. 

B. Model of Robot 

 
Fig. 2: Meshing of the Model is done in Work Bench by 

Default Parameter 

 
Fig. 3: Meshing 

Parameter Value 

Element Type Solid187 

Young's Modulus 69 GPa 

Poisson's Ratio 0.33 

Table 4: Meshing Parameter 

Boundary Conditions Value 

Downward Force on End Eector 20 N 

Fixed from Base - 

Table 5: Boundary Conditions 

 
Fig. 4: Boundary Conditions 
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IV. RESULTS & ANALYSIS 

A. Von-Mises stress in Gripper Assembly 

 
Fig. 5: Von-Mises Stress in Gripper Assembly 

Maximum stress generation is found near the tooth of worm 

wheel, where it contacts with the worm gear. 

 
Fig. 6: Detailed View of Von-Mises Stress in Worm Gear 

B. Deflection in Gripper Assembly 

 
Fig. 7: Defection in Gripper Assembly 

C. Von-Mises stress in Worm Gear 

 
Fig. 8: Deflection of Worm Gear 

 
Fig. 9: Detailed View of Deflection of Worm 

V. CONCLUSION 

Vacuum gripper is designed to lift a glass plate of 2 kg 

weight. To meet the assembly requirements SCARA robot 

model with 4 degree of freedom is Conceptualized and 

designed. 

 The model is analysed using ANSYS software. 

Deflection and stresses generated in various components are 

well within the permissible limits. 
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