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ABSTRACT

Robots and manipulators are used to serve machine tools in automatic production system. The robot arm was

designed with two degrees of freedom and accomplished accurately simple tasks. This paper represents

experimental results on circular movement and straight line movement of two-link manipulator in a vertical

movement. The lengths of robot arm links was designed from the desired workspace boundary conditions.

Pololu 70:1 gear motors are selected for two joint revolutions of the robot manipulator after analysing the

dynamics of two links. To control the robot, it performs inverse kinematic calculations and communicates the

proper angles serially to a microcontroller that drives the motors with the capability of modifying position,

speed and acceleration. Testing and validation of the robot arm was carried out and results shows that it work

properly.
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I. INTRODUCTION

The term robotics is practically defined as the study,
design and use of robot systems for manufacturing.
Robots are generally used to perform unsafe,
hazardous, highly repetitive, and unpleasant tasks.
They have many different functions such as material
handling, assembly, arc welding, resistance welding,
and machine tool load and unload functions, painting,

spraying, etc. [1].

A two revolute joint robot configuration with two
degrees of freedom is generally well-suited for small
like

components insertion. Although the final goal is to

parts insertion and assembly, electronic

design and manufacture real robotics, it is very useful
to perform simulations prior to investigations with

real robots [2].

IJSRST18401117 | Received : 16 Nov 2018 | Accepted : 29 Nov 2018 | November-December-2018 [ 4 (11) : 97-104]

The serial manipulator is

advantageous for the researchers for its better control,

development in

singular configuration, improving workspace and
optimization of the robot arm parameter. The
important aspect of dynamic studies of the
manipulator is to nature of robot arm behaviour and
magnitude of torque, singularity avoidance, power

requirements and optimization criterion [3].

A large number of control problems for mechanical
systems are based on controlling the position or
location of a mass using a force or a torque as the
input variable. Instead of the pure regulation problem
of driving the output location to a specified value, the
position of the mass is often required to follow a
prescribed trajectory. Levels of complexity may be
added by introducing sets of masses with coupled
dynamics, to be controlled by sets of force/torque

inputs [4].
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There are many control techniques used to control a
robot arm. The most used ones are the PID control,
optimal control, adaptive control and robust control.
There are many kinds of controllers that can be used
to cause a designed robot arm to move along a desired
trajectory. The simplest which it used in this paper to

control the robot arm is the PID controller [5].

II. DESIGN OF TWO-LINK ROBOT ARM

Firstly, the Robotic Arm is designed in 3D model
using the ACAD software. It has two links and two
2DOF planar type
ATMEGA2560 microprocessor based Arduino MEGA

system using Arduino

motors for manipulator.

is used for control
programming. This process works on the principle of
interfacing dc motor. The robot arm joints are
typically actuated by electrical motors. The dc motors
were chosen, since they include encoders which
automatically provide feedback to the motors and
adjust the position accordingly. The qualifications of
dc motors were selected based on the maximum
torque required by the structure and possible loads.
In the current study, the material used for the robot

arm was aluminium.

Figure 1. Two-link manipulator CAD model

The two-link robot arm moves in 2D space and the

outer boundary of the workspace is considered 40 cm

and the inner boundary is 6 cm. The length of robot
manipulator for two links can be calculated using the
workspace boundary condition. The robot arm was
designed in case of the length of link 1 is longer than
the link 2. The lengths of robot links are calculated

by using following equations:

L, +L, =40 (1)
Where L1 > Lo

Therefore, by using equation (1) and equation (2), the
values of Liand L2 are determined 23 cm and 17 cm.
Figure 2 shows the desired workspace of the two-link
manipulator. The specifications of two-link robot

arm are shown in Table 1.

Workspce of Two Link RR Manipulator

Y-Positon

X-Position

0°<0:<180° and 0° < 62< 360°

Figure 2. Desired workspace of two-link manipulator

TABLEI
MANIPULATORS SPECIFICATIONS

Definition Value Units
Material Aluminium
Density 0.0027 kg/cm?
Link 1 23x3x1 cm
Link 2 17x3x1 cm
Mass of link 1,

0.186 kg
my
Mass of link 2,

0.138 kg
m,
Inertia of link 1, 8.2x10+ kg-m?
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Ii
Inertia of link 2,
I

3.324x10 kg-m?

IIL.LDYNAMIC ANALYSIS OF ROBOT ARM

A. Kinematic Model

N
Py

A4

Figure 3. Two-link planar manipulator

Figure 3 shows a schematic representation of two link

planar manipulator with link lengths and link angles.

From forward kinematics we have the following
relations connecting end effector positions with joint
angles and link lengths.
P, =1,c0os6, +1,cos(8; +6,) 3)
Py =1;5in6; +1,sin®; +0,) 4)
B. Inverse Problem

The conversion of the position and orientation of a
manipulator end effector from Cartesian space to
joint space is called as inverse kinematics problem.
The inverse kinematics of planar robots is generally
easier to find analytically. The short terms of
trigonometry are defined by C2 = cos 02 and Sz = sin 62.
For the joint variable 02:
By equation (3) and equation (4), the position of the
tip point of the manipulator is at:

P2 +P,2 =12 +13 +211,C, 5)
Then:

November-December-2018; 4(11) : 97-104

2 2 12 2
P"+P =11 =15

C =
) T 6)

2 2 2 2
PO +Py 115

0, =cos” (7)
However to avoid using arcsine and arcos because of
inaccuracy, it employ the half angle formula.
26 _1-cosH

tan  —=—-——
2 1+cosO

8

Finally:

(I1 + I2)2 —(PX2 + Pyz)
(sz + Pyz)_(ll - |2)2

0, =+2atan?2

)

The sign () indicates the two postures, “elbow” up
and “elbow” down of the manipulator.

For the joint variable 01:

P 1,S
9, —atan2—* +atan2—22—

y

(10)

C. Dynamic Analysis

The dynamic behaviour is described in terms of the
time rate of change of the robot configuration in
relation to the joint torques exerted by the actuators.
This relation can be expressed by a set of differential
equations, called equation of motion, that govern the
dynamic response of the robot linkage to input joint

torques.

The Lagrangian is defined as the difference between
the kinetic and potential energy of the mechanical

system.

L = K - P, where L is Lagrangian, K is kinetic energy
of the system, and P is the potential energy of the
the

equation of motion for the 2-DOF robot arm, as

system. Using Lagrangian method, derive

shown in Figure 4.
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Figure 4. Dynamics analysis of two link manipulator

Frist we calculate the velocity of the center of mass

of link 2 by differentiating its position:
Xp =1,C; +0.51,Cy, (11)
Yo =1;S; +051,S,, (12)
Xp =-1,5,0, —0.51,S,,(6, +6,)  (13)
Yp =1,C,0, —0.51,C1, (6, +6,) (14)

Therefore, the total velocity of the center of mass of
link 2 is:

Vol =xp +¥} (15)
=0,%(12 +0.2513 +1,1,C,)+6,7(0.25,%)
+0,0,(0.51,% + 1,1,C,)

The total kinetic energy of the system is:

<21 1 1 1
(16)
o1 o) (1 .. 1
+0,7 =myl,” [+0,0,| =m,l, +=m,l,1,C
2(6 22} 12[3 2lz +5 M2kl 2)
The total potential energy of the system is:

P= mlgl?lsl + ng(llsl +|?2812J (17)

The Lagrangian for the two-link robot arm will be:

L=K-P (18)

o1, 1, 1, 1
=02 =myl,2 +=m, 1,2 + =m, .2 + =m,I,1,C
1(6 1'1 6 2'2 2 2'1 2 21172 Zj
o1 o) (1 ., 1
+0,2 =m, 2 |+6,0,] =m 1,2 + =m,I,1,C
2[6 22] 12(3 2'2 2 2'1'2 2)
I I
- mlgglsl - ng[llsl +52512]

The equation of motion,

T =§(8__LJ_@_L (19)
o0, ) 09

Equation (19) will yield the following two equations

of motion

T, :(émﬂlz +m2|12 "'%mzlz2 +m2|1|2C2)él (20)

1 1 . ..
+ (Emzlzz +Em2|1|2C2j92 - (mzlllzsz )9192

1
- =m,L1,S
(2 2'1'2 2)

T, =[%mz|22 +%m2|1|202)él+(%m2|22}62 (21)

, 1
+ (% mzlllzszjelz + 5 m,gl,Cy,

D. Dynamic Simulation

The driving torques of the two link manipulator is
illustrated in Figure 5 and Figure 6, from the
knowledge of the trajectory equation in terms of time.
The following simulation results are based on

Lagrangian Formulation.

Joint-1 Angle Joint-1 Torque
30 1.05
= 1
=20 £
g z
= N 0.95
o 10 o
= 09
0 0.85
0 5 10 15 0 5 10 15
t(s) t(s)
Joint-2 Angle Joint-2 Torque
60
01
50 é 09
@
o < 0.08
S 4 = 0.07
0 hag
0.06
30
0 5 10 15 0 5 10 15
t(s) t(s)

Figure 5. Joint torques T1 and T2 against time,
q(1) =0~30 and q(2) =30 ~60
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Joint-1 Angle Joint-1 Torque
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Figure 6. Joint torques T1 and T2 against time, q(1)
=0~90 and q(2) =90 ~360

In Figure 5, joint angle q(1) is set 0 to 30 degree and
q(2) is set 30 to 60 degree. The initial torque for joint
1 is near 1.03 Nm and joint 2 is about 0.1 Nm.

In Figure 6, joint angle q(1) is set 0 to 90 degree and
q(2) is set 90 to 360 degree. The initial torque for
joint 1 is near 0.95 Nm and joint 2 is about 0 Nm.
According the two simulation results, the maximum
torques for joint 1 is about 1.03 Nm and joint 2 is
about 0.102 Nm. The torque of the pololu 70:1 gear
motor is 1.4 Nm. Design project for this motor
selection is suitable for trajectory tracking control

system.

IV. EXPERIMENTAL RESULTS

For this experiment, two pololu dc motors with
encoder are used for both joints revolutions and they
have 70:1 gear transmission. Monster motor shield

with 12V dc 14A is used as motor driver.

Controller board
(Arduino Mega)

12V Power
Supply

Figure 7. Experimental setup of electrical system

Arduino MEGA is used for the microcontroller of this
system and the clock frequency is 16 MHz. The
microcontroller is connected to computer through
USB cable. The encoder resolution is 64 pules per
revolution and entire resolution of the motor shaft is
4480 pulses per revolution. 12V DC power supply is
used for the system. Figures 7 and 8 show the
experimental setup of electrical system and two-link

manipulator.

PC
Motor 1
Link 1
Motor 1

Link 2

Figure 8. Experimental setup of two-link manipulator

A. Experimental Results on Circular Movement

In this experimental result, the robot arm is tested for
the desired circular movement. Actual and desired
XY-position is shown in the following Figure 9. For
this experiment results, joint one and joint two
results are shown in Figure 10 and joint one and joint
two error results are expressed in Figure 11.

45 Desired position Vs actual position

Desired
Actual

30

N
o

20

Y-position {cm}

5 10 15 20 25 30 35
X-position (cm)

Figure 9. Circular test in XY Position
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Figure 10. Results of joint one and joint two for

circular test
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B. Experimental Results on Linear Movement Bes
S
In this experimental result, the robot arm is tested for s
the desired linear movement. In Linear movement .
0.5

experimental result, actual and desired XY-position is
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shown in the following Figure 12. For this
experiment results, joint one and joint two results are
shown in Figure 13 and joint one and joint two error

results are expressed in Figure 14.
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Joint 2 Error
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Figure 14. Errors of joint one and joint two for linear

test

V. CONCLUSION

In this paper, the dynamics analysis of the two-link
manipulator by wusing Lagrangian method and
experimental results for desired trajectory are
presented. The robot arm has some position errors. A
perfect model would contain dynamic effects like
joint friction and joint flexibility, and there would be
bounds on the maximum input torque for the motors.
For position error compensation, controller design

should also be recommended for future work.
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