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ABSTRACT

The study and simulation of any robotic components or the whole system is very vital when comes to cut
downs on the costs of fabrication, time for developing new models to suit several applications. The savings are quite
large for the companies and can be utilized well for other purposes. The manipulator’s trajectory forecasting is still
redundant and this task entails special individualities to be made satisfactorily. So we have to develop a mathematical
model for 3-link SCARA robot manipulator using Lagrangian mechanics and to find a torque calculation and
trajectory planning of a robot model based on the specifications then to find out the trajectory planning for our desired
path description under mat lab confirmation. And then analyze the effective movement of the end effecter using the
calculated values from the mathematical model. Finally to develop the prototype for our model which contains the
overall advantage of high redundancy, maneuverability, high workspace, high complexity with more degrees of
freedom under the application of pick and place.

KEY WORDS: Dynamic behavior, Multi-body system, SCARA, Trajectory planning, 2R robot manipulation,
3R robot.

1. INTRODUCTION

Now a days benchmarking and meeting the several standard requirements laid by the statutory bodies help
the companies to create a manufacturing environment par excellence. Implementing novel strategies helps to
maintain these reliable manufacturing environment which is a key to success. Robotics is an exceptional branch in
engineering dealing with design of components for a robot, modeling, assembly, infusing several controls and
utilizing for the better serving of a task or problem. Recently people can be seen with robots accompanied in some
of their day to day life and also they have taken over some routine activities. The utilization of a robot is very
widespread, from small toys and bigger and larger industrial robots. The scientist heavily relies on the special kinds
of robot for exploring space with multi functionality.

A huge classifications of robots are available around the globe which can perform tedious tasks of
manufacturing processes such as automated welding of components, assembling the several entities, spray painting,
movement of goods within the warehouse and several secondary process like drilling, cutting, polishing, milling etc.
Industrial robots are very challenging to design and also getting more attention among the different class of robots
available. Robotic manipulator of different configurations namely horizontal, cylindrical, rectangular, spherical and
revolute joints exists. Non-redundant manipulators are lesser having advantage than redundant manipulators. When
a manipulator arm has infinite number of points in the joint variables for a particular task, then it is said to be a
redundant manipulator. Also they have optimized movements that can circumvent any obstacles. For selecting the
best optimized manipulator trajectory quite a few optimization methods have been applied with consideration of
avoiding obstacles, least time, and lesser kinetic energy. Robots can be pre modeled and simulated as a geometric
model based on postures, positions etc., dynamic or kinematic model.

A 2R type robot is chosen for modeling with the objective of developing a better posture by comparing two
distinct robot postures having uniform time period, following similar pathway line. Also a computer program code
has to be developed for obtaining the dynamic and kinematic parameter. Robotic motion are simulated with the aid
of MATLAB-Simulink and SolidWorks software and compared with theoretical values.

The results from both the software were discussed, compared and evaluated qualitatively to choose the right
model. The validation of the selected model is done and conclusions drawn without any conflicts.

Problem Statement: The most important problem and the primary reason for this research is lack of sufficient
maneuverability, poor redundancy, low work space, minimum complexity and less degrees of freedom. So we have
to prove that six degrees of freedom can provide higher maneuverability compared to 3-axis robot. It has a positive
impact on industrial performance. Although some previous researchers are agreed with 3RSCARA has positive
impact on doing complex activities, and some believes it helps to occupy more work space. This study would like to
show that 3R SCARA is a good choice for creating large work space for complex work.

Literature Review: The Lagrangian mathematical model on robotic system’s platform was modelled and validated
by (Babak Rohani, 2014). Both the complex dynamic and kinematic model was developed and analyzed. The
mathematical equations were developed while accounting the mass and friction of actuators and also in absentia. A
comparative validation of the models derived from physical and mathematical is made to extend best fit. Huang
(2007), experimented a trajectory path covered in lesser time for a translational robot having 2 degree of freedom.
Parametric functions were used to frame dynamics and kinematics motions. An algorithm for attaining very minimal
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traverse period while overwhelming path jerk limitations was developed. Zheng (1989), mathematically modelled
the dynamic and kinetic behavior of a robot with 2 coordinates. The picking or fetching of an object, effects of
collision on the surroundings and constraints arisen were concentrated on three phases. SCARA (Selective
Compliance Assembly Robot Arm) robots are pretty good for industrial applications. So Sisir (1992), studied the
effects of the SCARA and derived a closed solution. A code is developed for the links of the arm with respect to
different torques and he found that the angular position has nothing to do with the torque.

A 2-link flexi robotic arm was modelled and studied by Fukuda and Arakawa (1987), for controlling the
vibrations. The equations governing the bending vibration of the arms were derived with the help of transformation
matrix. Lee (2005), exposed the Lagrangian modelling of flexi-robotic link robots never include the bending of the
flexi link mechanism which causes the inaccuracy while modeling the links. So a fresh dynamic model was put forth.
Baruh and Tadikonda (1989), addressed the several drawbacks in the dynamic controls. Those points should be
focused for better solutions. Sharan (1992), discussed several methods which would solve the dynamic problems
effectively. The methods discussed were extensively helping the flexible manipulators analysis. Gasparetto (2004),
utilized rigid link models and established a dynamic model for planar flexible link mechanisms and validated the
established models experimentally for a five-bar mechanism.

2. METHODS FOR THE MANIPULATION OF 2R SCARA ROBOT
Dynamic Study of 2R SCARA Robot Manipulator:

- X

ig.1. Links of 2R SCARA robot
Where, Q1, Q2, Qs - Torque for each individual link, Li, L, Ls- Length of each link, M1, M2, M3 - Mass of
each link, ©1,0,, O3 - Angle between each succession links.
In this research modelling, a 2R robotic system for a pick and place task is carefully designed by Solid Works
and also by MATLAB-Simulink concurrently. The designed 2R robotic arm is shown below in figure.2.

B

L4
Fig.2. 2R robotic arm in Solid works
The torque equation for 2R SCARA robot manipulator is already derived under Lagrangian mechanics is
given below,

Q= ((my +m)EZ +myl (L, + 211005 6,)) 01+ myly (12 + [1 ¢056,)8; — 2my L, L, sind;6,6,

—mylyl, sinf,6% + (my + my)glicosf, + mygl, cos(8, + 0,) Iy
Q, = myl, (I, + 21 cos 0,) 01 + m,1262 + myl4 1, sinB,02 + m,gl, cos(6, + 6,)
Torque Calculation for 2R SCARA: For angle 6,=10° and 6,=15°.
Table.1. Torque Calculation for 2R SCARA
Length (m) | Mass (KN) | Q:(N-m) | Q2(N-m)
L1=300 m;=0.01706

L, =300 m,=0.01706 | 14438 | 4550
L:=200 | m;=0.01014

L, =400 m,=0.02274 | 14441 | 8088
L1 =400 my=0.02274 |, e 09 | 18,03

L, =200 m,=0.01014
L1 =350 m1=0.01990
L.=250 m2=0.01268
L1=450 my=0.02559
L, =150 m, =0.00760
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Trajectory Equation for 2R Planar Manipulator: The following polynomial equation gives the movement for the
designated path for “elbow down” to reach the desired position.

6; = (10t* + 10t3 + 10t2)’

8, = 50t* + 10t3)°

~ elbow down

-

Fig.3. Two posture of SCARA
By comparing overall manipulator transformation matrix and the desired location of 2R robot matrix. The
equations were given below,
pX=31C1+32C12

py=¢?1151‘|"?12512
Table.2. Elbow Down movements

Tim Elbow Down

IMe (SeC) g, (Deg) | 02 (Deg) | py (mm) | py (MM)
0 0 0 600 0
0.1 0.11 0.015 599.99 1.23
0.2 0.49 0.16 599.96 5.96
0.3 1.25 0.67 599.76 16.59
04 2.49 1.92 598.82 36.10
05 4.37 4.37 595.64 68.44
0.6 7.05 8.64 586.55 117.95
0.7 10.73 15.43 564.02 188.11
0.8 15.61 25.6 514.62 278.37
0.9 20 40.09 431.49 362.64
1 30 60 259.80 450

The above table.2, portrays the elbow down movements of the SCARA’s manipulator. The elbow graph
which is drawn on the basis of the tabular data is shown in the below figure.4.
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Fig.4. Elbow down graph
Dynamic Study of 3R SCARA Robot Manipulator:

Y

Ql\f

X

Fig.5. Links of 3R SCARA robot
Torque Equation: The same procedure what they done to find out the torque equation in 2R manipulator is followed
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by adding extra one link for 3R manipulator.
Q1 =[(m1 +m2+m3)l12601 + 122(01 + 62) — 2111262s5in02(201 4+ 82) + 21112c0s62(01 + 62)
+122(601+62) +132(601 + 62 4+ 63) + 1112c0502(201 + 62) — 111202s5in62(201 + 62)
+ 1213c0s83(2601 + 262 + 63) — [21303sin03(261 + 262 + 63) + 1113cos(62 + 63)(261
4262+ 63) — 1113(62 + 63)sin(62 + 63)(201 + 262 + 63)] — [m111261
+1/2m2(21126012122(61 + 62) + 2111261c0s62 + 21112(61 + 62) cosH?2
+1/2m3[2112 612122(01 + 02)2132(01 + 262 + 03) + 2[112c0s02(01 + 62) + 61]
+ 21213co0s 63(01 + 62) + (01 + 62 + 63)] + 21113cos(02 + 63)[( 61 + 61 + 62 + 63)]
Q2 = m2[122(61 + 62) + [11201cos62 — 1112601sin62] + m3[122(61 + 62) + [32(61 + 62 + 63)
+ [112601co0s02 — 111201sin62 + 1213(01 + 62 + 83)cosf3 — [213(01 + 62 + 63)sinb3
+1213(01 + 62)cos03 — 1213(01 + 02)sinf3 — 111361 cos(62 + 03)111361(02 + 03)sin(62
+ 63)][m2122(01 + 62) + 111261c0s62] + 1/2m3[2122(61 + 62) + 2132(01 + 62 + 63)
+ 21112601c0s62 + 21213c0s0321213c0s63(01 + 02 + 63) + 21213cosH3[((01 + 62)
+ 21113cos (02 + 63)]
Q3 = (Mg [I2 (6, + 6, + 65) + Ll3 (B, + 6,)cos B - Ll (8, + 6,)sin B3 + 1,136, cos (6,

1
+ 03) - 1150, sin (6, + 63) (6, + 63)] - EmS [21§ 61+ 0, + 03) + 21,15 cos 65 [(64

+ 6,) + 211136, cos (6, + 63)]

3. RESULTS AND DISCUSSION
Torque Calculation: The torque is calculated from the designated equations for the 3R SCARA manipulator and
shown in below table.3.

Table.3. Torque Calculation for 3R SCARA
Length (m) | Mass (KN ) | Q1(N-m) | Q2(N-m) | Qs(N-m)
L1=150 m;=0.00760
L.=200 m,=0.01014 | 106.63 62.55 21.98
Ls;=250 m3=0.01268
L1=200 m;=0.01014
L,=200 m,=0.01014 | 108.89 50.12 14.06
L;=200 m3=0.01014
L1=300 m;=0.01706
L,=150 m,=0.00760 | 121.66 28.17 7.90
L;=150 m3=0.00760
L1=200 m;=0.01014
L,=150 m,=0.00760 | 107.79 49.02 21.98
Ls;=250 m3=0.01268
L1=150 m;=0.00760
L,=150 m,=0.00760 | 115.12 68.38 35.50
Ls;=300 m3=0.01706

From the above calculations it is analyzed that the elbow movement of robot varies accordingly with various
degrees of freedom.

From table.1, it is found that the length of the robot arm indirectly stimulates the degree of freedom.

From table.2, it is found that the px value stimulates 6: and py stimulates 0..

From table 3 it is found that Q1, Q2, Qs increases with the increase in L and M simultaneously.

4. CONCLUSION

Designing and comparing of 2R and 3R SCARA arm manipulator by dynamic study for pick and place
application is accomplished and analyzed by MATLAB simulation for determining which robot occupying more
work space and high maneuverability.

In this work the dynamic study is performed to position the tool profile by effectively using the compliance
device.

Itis planned to develop the trajectory planning using motion equation under MATLAB simulation as further
progress towards this research. The position of the tool must be identified using the MATLAB simulation and
equations. To develop a working SCARA model based on the dynamic results for positioning the tool or to do the
pick and place process for various purpose and validating the positions with the aid of prototype and also by similar
and advanced simulation tools.
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