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ABSTRACT

This paper analyzes the Theo Jansen mechanism for providing a walking mechanism in terrain areas where wheel-based
vehicular systems are less efficient and sometimes ineffective. This project aims to design a simple four-legged walking bot
using the Theo Jansen mechanism and to analyze the mechanism's motion for different lengths of the links. This mechanism
uses 11 links of certain length ratios in order to imitate the walking motion of a leg. After analyzing the mechanism, a four-
legged robot was designed with two legs on each side of a body connected to motors. The four-legged robot can be used as a
simple and cost-efficient replacement for surveying terrain areas replacing wheeled vehicles and drones.
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1. Introduction

Wheeled vehicles often struggle to roam uneven
terrain areas, whereas animals with legs can roam these
areas much more conveniently. In sandy and snowy areas,
automobiles also slip and often cannot move. That's why
a leg mechanism can be used in vehicular systems to use
in terrain areas [1].

Theo Jansen's mechanism consists of 11 links
connected with each other [2]. These 11 links together
produce a walking motion and work as a leg. Multiple
legs can be used in a robot to mimic the walking motion
of an animal. By using more legs, smoother walking
motion can be obtained.

The length of all the links of the mechanism can be
scaled up or down according to the need. The proportion
of the lengths of the links needs to be maintained to get
the ideal foot tip trajectory. But the desired foot tip
trajectory is not the same in all situations. For example,
the stride height required for travelling in rocky areas or
climbing stairs is more than that required for travelling in
snowy or sandy areas. So, it is a huge advantage of this
mechanism that the length of the links can be modified a
little to get the desired foot tip trajectory [4].

In each configuration, the length of only one link
was changed, keeping the length of all the other links the

same as the basic length. The table below shows the
modified lengths of the links for different configurations.

Table 1 Modified link length for each configuration.

Configuration Changed Base length New
no. link (mm) length
(mm)
2 J 50 52
3 k 61.9 62.4
4 i 49 52
Fig.1 CAD model of a four-legged walking robot using 5 h 65.7 68.7
Theo Jansen Mechanism. 6 f 394 40.5
7 e 55.8 58
2. Methodology
The standard dimensions of all the links of the Theo 8 b 415 42.5
Jansen mechanism are shown in the figure below. 9 d 40.1 42
w380 10 g 36.7 39
b=41.5
c=39.3
i1 "Configuration no. 1" is not shown in the table
-39.4 because the length of all the links of the mechanism was
9387 kept the same as the basic length. The CAD models of
J{ngz-g different configurations were made in Solidworks. Then
k-61.9 the motion of the foot tip of each configuration was
18 simulated using the Solidworks Motion Study tool.

Fig.2 Theo Jansen mechanism link lengths [3].
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3. Design

Each link of the mechanism was made in
Solidworks except link' a' and '1' because the physical
presence of these two links is not necessary for the
mechanism to work. The length of 'a' and 'l' are required
only to define the position of the link 'm' with respect to
all the other links [5]. The end of link 'm’ connected
with ‘1’ is fixed, and the other end of link ‘m’ connected
with link ‘j” and ‘k’ moves in a circle. The connecting
point of links ‘b’, ‘d’ and ‘c’ is also fixed. So, when the
link ‘m’ rotates, it moves all the other links of the
mechanism.

Each of the links was first made in Solidworks,
maintaining the exact proportion of the lengths as
different parts. Then all the parts were assembled.
Among these links, ‘b’, ‘d’, and ‘e’ was made as a
single part instead of three different parts. Links ‘g’, ‘h’
and ‘i’ were made as a single part as well. As a result,
we get a Modified Theo Jansen mechanism. It was
found that there is only a slight difference between the
conventional Theo Jansen mechanism and the modified
Theo Jansen mechanism [6]. It was also found that the
Modified Theo Jansen mechanism provides better
stability with a slight increase in input power.

Fig.3 Design of Theo Jansen Mechanism

4. Motion Analysis

The foot tip trajectory of each configuration was
simulated in Solidworks Motion Study. The motion of
the conventional Theo Jansen mechanism or
“configuration 1” is shown in the figure below.

Step .
Height Stride Length
22.31
I |

Fi 67.79

Fig.4 Trajectory of configuration 1

This is the ideal trajectory of the mechanism [7].
We can see from the figure that the Stride length [8] of
the foot is 67.79 mm, and the stride height is 22.31 mm.

The trajectories of all the other configurations are
shown in the figures below. The trajectory of
“configuration 1” is drawn with a blue dashed line, and
all the other configurations are drawn with a solid red
line. The figures compare each configuration with
“configuration 1” to better understand the motion.

Fig.5 Trajectory of configuration 2

The figure shows that the stride height of
“configuration 2” is much higher than that of
“configuration 17, but the stride length remains
unchanged. The foot starts to lift from the surface a little
earlier than “configuration 1”.

6/83 =

Fig.6 Trajectory of configuration 3

The stride height of “configuration 3” is also much
higher than that of “configuration 1”. The stride length
remains unchanged in this case as well. The foot starts
to lift from the surface almost at the same time as
“configuration 1”.

Fig.7 Trajectory of configuration 4

The stride length of “configuration 4” is a little
more than “configuration 17, but the stride height is
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much less. It can also be seen that the foot stays in

contact with the surface for a very small amount of time.

L— 6720 =

Fig.8 Trajectory of configuration 5

“Configuration 5” gives more stride height than
“configuration 1” keeping the stride length same. The
foot starts to lift a little earlier as well.

F— R p———

Fig.9 Trajectory of configuration 6

The stride length for “configuration 6” is the same

as “configuration 1, but the stride height is a little more.

The foot stays in contact with the surface for almost the
same amount of time period as well.

67.41

Fig.10 Trajectory of configuration 7

The stride height for “configuration 7” is much
higher than for “configuration 1”. The stride length is
almost the same. The foot starts to lift from the surface a
little early as well.

Bam— .

Fig.11 Trajectory of configuration 8

The stride height for “configuration 8” is less than
that of “configuration 1”. The stride length is slightly
more than “configuration 1”. The contact time of the
foot with the surface is also almost the same.

Fig.12 Trajectory of configuration 9

“Configuration 9” has almost the same stride height
and stride length as “configuration 1”. But the contact
with the surface is not smooth in this case.

ha———

68.63

Fig.13 Trajectory of configuration 10

The stride height of “configuration 10” is much less
than that of “configuration 1”. The stride length is
slightly longer. The contact period of the foot with the
surface is almost the same in both cases.

5. Torque Analysis:

The torque required for rotating the central link ‘m’
at a constant angular velocity of 30 rpm for each
configuration was also analyzed using the Solidworks
Motion Analysis tool. For this analysis, ABS plastic was
chosen as the material for the links.

Fig.14 Torque analysis of configuration 1
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Fig.15 Torque analysis of configuration 2
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Fig.16 Torque analysis of configuration 3
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Fig.19 Torque analysis of configuration 6
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Fig.20 Torque analysis of configuration 7
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Fig.21 Torque analysis of configuration 8
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Fig.23 Torque analysis of configuration 10
6. Results and Discussion
The step height and stride length are shown in
Table 2.

Table 2 Step height and stride length for different

configurations.
Configuration | Step Height Stride Length
nf. 22.31 67.79
2 30.54 67.49
3 28.44 67.83
4 20.14 70.27
5 27.92 67.2
6 25.64 67.73
7 28.61 67.41
8 19.33 68.19
9 22.85 67.22
10 17.4 68.63

The values from the table are plotted in a graph to
understand the impact of changing the link lengths on
the leg mechanism's stride length and step height.
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Fig.24 Configuration no. v/s step height and stride
length

From the graph, we can observe that the stride
length almost does not change at all for different
configurations. The change of stride length is only
noticeable for configuration 4. So, in order to gain more
stride length, increasing the length of link ‘i’ is the best
option. Other than that, changing the length of any other
link of the mechanism doesn’t significantly affect the
stride length of the leg.

On the other hand, the step height changes quite
drastically compared to the stride length in different
configurations. The impact of changing the length of the
links can be better observed from the table below.

Table 3 Step height and stride length for different

40%
35%
30%
25%
20%
15%
10%

% \/\W"‘
0%

i k i h f e b d g

== Length change Step height change

Fig.25 Length change v/s Step height change

Changing the length of each of the links had quite
an effect on the step height of the mechanism except for
link ‘d’. Increasing the length of link ‘d’ by 4.74% only
caused a 2.42% increase in step height. Changing the
length of link ‘i’ also had very little effect on the step
height compared to the other links.

Table 4 Torque required to rotate link ‘m’ for different
configurations.

Configuration no. Torque (N-mm)
1 0.22
2 0.19
3 0.33
4 0.22
5 0.23
6 0.19
7 0.21
8 0.23
9 0.20
10 0.30

configurations.
Modified link Change in link Change in step

lengths height
j 4% 36.89%
k 0.81% 27.48%
1 6.12% 9.73%
h 4.57% 25.15%
f 2.79% 14.93%
e 3.94% 28.24%
b 2.41% 13.36%
d 4.74% 2.42%
g 6.27% 22.01%
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Fig.26 Configuration No. v/s Torque required
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The graph shows that configuration 3 requires the most
torque, and configurations 2 and 6 require the least
amount of torque.

6. Conclusion

By comparing the foot tip trajectories of all the
configurations, the Theo Jansen mechanism can be
modified according to the need. Among all the
configurations, 1, 3, 8 and 10 have the best balance
because the foot stays in contact with the surface for the
longest period in these configurations. The main
purpose of this mechanism is to travel on rough terrain
areas and overcome obstacles [9]. So, the legs need to
be very well-balanced. Adding more legs can improve
the stability of these legged robots [10]. To roam on
rocky areas, the legs may need more step height.
Increasing the length of links ‘j” and ‘k’ is the best
option for increasing step height. It is shown in Table 3
that increasing the length of link ‘k’ by only a small
amount can increase the step height by a lot. In Figure 5
it is also shown that increasing the link ‘k’ length keeps
the leg well balanced. So, increasing the length of link
‘k> is the best approach to increase the step height
because it maintains the balance of the leg mechanism.

In this study, the length of one link was changed in
each configuration. In future, it can be observed how
changing multiple link lengths at once can affect the
path of the leg of this mechanism. Trying different
combinations by changing the link lengths can open the
door to many possibilities of exploring terrain areas
with legged robots.
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