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Abstract

Although wheeled robots have been an area of interest for researchers, the major drawback with the wheels is that, as the ground
gets rougher and rougher, wheels tend to become insubstantial i.e. less and less effective. But the solution to this predicament
already exists. Thanks to the nature’s solution which has no such problems. The solution is ‘legs’. The idea of replicating a
natural concept into an artificial product has led the foundations of the newlyevolved branch of science and engineering called
‘Biomimetics’ or also known as ‘Biomimicry’. The underlying intent of this ‘Biomimetics’ or ‘Biomimicry’ based project is is to
study the effect of variation of angles of ternary links on gaitpattern of an octopod robot using Klann’s linkage/Klann’s
mechanism. For the replication of the leg of an insect, the use of Klann’s linkage has been demonstrated. The mathematical
modelling and mathematical formulation for the Klann’s linkage has been stated by using ‘Complex Algebra Method’. The
position analysis using Complex Algebra Method enables us to find the nature of gait pattern of the Kiann’s mechanism. Then
effect of variation of angles of couplerlinksonthe gait pattern of Klann’s mechanism has been simulated. Through the analysis
and simulation process, a number of possible solutions were obtained. But a careful analysis will lead to the conclusion
thatthemost precise i.e. optimum gait pattern is obtained by maintaining a very particular combination of angles of coupler
links.Thus, through a rigorous simulation process, the combination of the actual values of angles of coupler links, corresponding
to the optimized gait pattern can be achieved.
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1. INTRODUCTION Burmester curves which were used to design four bar
linkages 11,

Robotics has been a center of fascination since 1970’s and g

80’s. Being a part of Artificial Intelligence,_robotics has But the main feature of Klann’s linkage is that it closely
undergone unimaginable development. Robotics has taken resembles the shape of a leg of an insect like spider ©. So
over _everythlng_ from simple grippers to complex but primarily, Klann’s linkage is used for locomotive
superior humanoid robots. applications. They are also used for applications which do

not demand human intervention. Since the invention of
Klann’s linkage, walking robots having six-legs have been
the choice of researchers and inventors. Walking robots are
especially useful in rough terrains where wheels tend to
become sloppy ™. Number of walking robots have been
designed using Klann’s mechanism and the have been
working in variety of environments and terrains very
A ) . o ; elegantly. Walking robots have excelled in variety of
Primarily, it was a 6 link mechanism consisting of a fixed terrains. Although the difference in the capabilities of legged

frgme, one c.rank, two rockers an‘d two co’uplers. robots and humanoid robots is too large, legged robots have
Kmerpa‘ucal}zi it can be categorized as Stephen§on§type earned the importance because of their ease in
II linkage’™. (Classification of Stephenson’s six-bar maneuverability ©.

linkages depend upon the link which is chosen to be frame.

This paper attempts to introduce to you a topic which lies on
a similar line. Legged robots have been premeditated since
last several decades. This project basically aims at
replicating the gait pattern of an animal or insect leg. Leg is
an absolutely precise alternative to the wheel, which may
lead to undesirable results under rough terrains.Klann’s
Linkage, named after Joe Klann, was developed in 1994.

[2

) 2. LITERATURE SURVEY
Klann’s linkage has been a fascinating topic for robotics Biomimetic robots have been an area of fascination for
enthusiasts. Since its invention in 1994, it has been researchers. As a result, stupendous work has been done in
implemented and studied worldwide by many scholars. The the fields of wheeled robots, legged robots, humanoid
inventor, Joe Klann developed this linkage and used it for robots, and what not.
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The pioneers in the field of ‘legged robots’ are dating back
to 230 B.C. Greek Engineer Ctesibius developed the first
moving linkage for locomotion which used pneumatics [6].

Around 1495, Leonardo da Vinci constructed the first
anthromorphic robot [7]. It was made of wood and some
parts were of leather and bronze. But wood made this robot
weaker.

After da Vinci, the research slowed a bit down. But around
1738, Pierre JaquetDroze built a legged robot [6]. It
consisted of many cams and over 400 parts, which made it a
bit complex.

1850’s, Russian Mathematician Chebyshev invented a
kinematic linkage for the locomotion [6]. He also
successfully presented its mathematical model which was a
huge achievement in those days.

Throughout the 20™ century, huge work has been done in
this area. But the main predicament with the existing legged
robots is that differential turning generally becomes a
tedious job. Students at MIT have been studying the
variation of various kinematic parameters and studied the
motion of legged robot . Varying crank input, varying
motor speed, varying link length ratios, are some of the
exercises that people have dogged into. The effect of
variation of coupler angles is an area where very less people
have looked into. The main aim of this paper is to the effect
of variation of angles of ternary links on the gait pattern of
an octopod robot using Klann’s linkage.

3. OBJECTIVES

e To establish a mathematical model for an octopod robot
using Klann’s linkage.

e To study the effect of variation of coupler angles on the
gait pattern of Klann’s linkage.

e To study the effect of variation of angle of leg link on
the gait pattern of Klann’s linkage.

e To achieve a peculiar combination of linkage
parameters corresponding to an optimized gait pattern.

4. KINEMATIC MODELLING

As already stated, Klann’s linkage is a kinematic linkage
primarily used for replicating the leg of an insect or an
animal. Klann’s linkage is a 6-link mechanism having 7
joints and 1 degree of freedom. Type of joint used is
‘revolute joint’. The following are the kinematics elements
of Klann’s mechanism.

a) Points A,C and F represent the fixed frame.

b) Link AB is a crank.

c) Links CD and EF are rockers

d) Links BDG and EGH are couplers.

Here, the position analysis of Klann’s mechanism has been
presented by using ‘Complex Algebra Method’.

Table 1: Notations used

Sr. Notations
No.
1) Co-ordinates of points :-

A=(aca,) , B=(bcb) ., C=(c..c,) |,
D=(d, d,) . E=(ec8y) . F=(f.f) .

G= (gX ,gy) . H=(hy hy)

2) Angles between various links :-

Angle of crank AB = ¢;Angle of crank BD =
6,Angle of rocker CD = 6;Angle of vector AC=
6,Angle of coupler BDG = aAngle of coupler
EGH = g Angle of output link GH = 6,

3) Dimensions :-
AB=3,BD=b,CD=¢c,DG=d,EF=¢,EG=
fand GH=g

4.1 Loop Closure Equation for Loop ABCD

Efe,e,)

Hib, Wy

Fig 1: Kinematic representation of Klann's linkage
Considering a loop-closure equation for loop ABDC,
i+, — 3 —,=0.....(1)
118 + rpel% — ryel%s — relfs = 0 c(2)

~r1(cosé,+isind,) + ry(cosd, + isind,) — rz(cosd; +
ising3—r4cosf4+isind4=0....(3)

Using the trivial mathematical results and the technique of
complex algebra, position analysis of any desired point can
be performed.

4.2 Locating the Co-ordinates of Point D

Careful analytical treatment will show that the co-ordinates
of the output point D are given by the equations:

dy = r;c0s6; + r,cosd, =acosf; + bcoséd,
And

Volume: 07 Issue: 08 | Aug-2018, Available @ www.ijret.org

127



IJRET: International Journal of Research in Engineering and Technology eISSN: 2319-1163 | pISSN: 2321-7308

https://doi.org/10.15623/ijret.2018.0708017 Received: 08-06-2018, Accepted: 20-07-2018, Published: 10-08-2018

dy = rysind; + rysind, = asind; + bsing,....(4)

4.3 Position Analysis of Output Link GH

Careful analytical treatment will show that the co-ordinates
of the output point H are given by the equations:

h.=g, + gcos(¢,)

And
hy=gy + gsin(6,)(5)

h.=g, + gcos(d,)
hy:gy + gsin(0,)

5. SIMULATION

The primary intent of the simulation was to analyze the
effect of variation of coupler angles on the gait pattern of the
Klann’s linkage. Accordingly, the the effect of variation of
two coupler angles namely @ and £ on the gait pattern was
studied. The results of the simulation have been provided
below:

5.1 Effect of variation of g
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5.2 Effect of variation of a
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5.3 Combination of a and p for an Optimized Path
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Graph 7: 0. =170°%ndp =143°

6. PROTOTYPING

Picture 4: Top view of the assembly

7. EXPERIMENTATION

The octopod spider robot was made to undergo several tests
and comprehensible observations have been collected from
the experimental approach. The octopod spider robot was
examined and the observations have been systematically
tabulated.

As a basis for experimentation, the criteria selected was
‘speed’. Well recorded experimental observations tabulated
in the table given below provides a quantitative insight
about the effect of variation of coupler angles. The purpose
of experimentation is to experimentally verify the results of
simulation and to obtained the most precise gait pattern by
studying the variation of coupler angles.

Table 2: Observations obtained from experimentation

Coupler Distance(in | Time(in speed(in
angles cm) sec) cm/s)
(in
- degree)
Picture 2: Arrangement of gears 60 36.32 1.65198
160° 80 48.89 1.63632
100 61.21 1.63371
60 27.19 2.20669
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170° 80 37.03 2.16041
100 46.77 2.13812
60 31.70 1.89274

190° 80 43.49 1.83950
100 54.81 1.8244

8. RESULTS AND DISCUSSION

After testing the octopod spider robot and analyzing every
set of observations, the results of the experiments are giving
a comprehensible insight into the intended relationship
between coupler angles and gait pattern and thus, resolving
the very purpose of the experimentation. Moreover, the
observations of the experiments are found to be in good
agreement with the theoretical relationship as well as the
results of the simulations.

a) The relationship between the time required to cover a
defined distance for different o is as follows: -

b) The relationship between the speeds over a defined
distance corresponding to different o is as follows: -

This is in total agreement with the results obtained through
simulations.

9. CONCLUSION

e A comprehensible mathematical model was established
for a robot using Klann’s linkage.

e The variation of coupler angles on gait pattern of
Klann’s linkage results in the change of shape of the
path.

e The variation of angle of leg link on the gait pattern of
Klann’s linkage results in the change of slope of the
path.

A combination of o=170° andp =143° results in the
precise gait pattern.

FUTURE SCOPE
e The spider robot can be facilitated with differential
turning.

e  The spider robot can be controlled wirelessly by making
use of Arduino circuitry and programming.

e The walking speed of the spider robot can be enhanced
by using the motors having higher speeds.

e The spider robot can be made to climb the slopes by
manipulating the gait pattern.

e The spider robot can be made to climb the slopes by
manipulating the gait pattern.
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