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Design on hopping locomotion mechanism
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Abstract: A new type of locomotion mechanism is introduced in this paper. With vibrating motors used in controling the
movement of the hopping locomotion mechanism, the simple hopping locomotion mechanism had two motors, when the
current went through the vertical motor, the vertical motor would vibrate to cause the mechanism to go forward, and
when the current went through the horizontal motor, the mechanism will go around itself. A spring was added to the
mechanism to change the natural frequency of the mechanism, when the frequency of the motor was equal to the natural
frequency of the mechanism, the mechanism would hop resonantly. With the resonant hopping, the load of the mechanism
was greatly enlarged, and some sensors could be added to the mechanism. Optical sensors were used to detect the infrared
source, the current that went through the sensors related to the distance between the infrared light. Three optical sensors
was put on the left, right and the front the mechanism, when the mechanism detect the special infrared source, it would
turn itself to the light, and go forward to the light. The experiments of the mechanism shown that the mechanism could
work well on different surfaces freely, and the resonant hopping locomotion mechanism with infrared sensors could move
to the special light by automatic regulation. Experimental results and theoretical studies demonstrate that the innovative
design for hopping locomotion mechanism is superior.
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1 Introduction 2 Principle

Large machines have been widely used in in- 2.1 Motor

dustry recently. They will cause complex opera-
tions and require a great deal of energy. The
high-energy problem has come to the attention of
more and more people, so pint-sized robots have
been researched to save energy'’. Now pint-
sized robots often use electromagnetism as their
drivert? , they also need high voltage and special
flat surfaces of iron. In this article a new pint-
sized hopping locomotion mechanism which
saves energy and adapts well to various surfaces

is presented.
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The image of the motor is shown in Fig. 1.
The stator of the motor, the magnet, is fixed to
the motor, and the rotor is made from a prejudi-
cial wheel. When the power is on, the prejudi-
cial wheel will turn around the axis, and the mo-
tor will circumrotate in the opposite direction.
When the motor is fixed to the mechanism and
the power is on, the mechanism will be vibra-
tion. Then,the vibration and friction introduced
from surface will lead the mechanism to move

and turn around.
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Fig. 1 Image of motor

2.2 Kinematics of simple hopping locomotion
mechanism

There are two motors in the simple hopping
locomotion mechanism. When the current goes
through the vertical motor, the vertical motor
will vibrate to cause the mechanism to go for-
ward. When the current goes through the hori-
zontal motor, the mechanism will go around it-
self.
2.2.1

When the vertical motor vibrates, the cen-

Movement of going forward

tripetal force of rotor will also affect all the
mechanism. When the motivity of the motor (it
nearly equals the centripetal force of the rotor of
the motor) is bigger than the weight of the
mechanism, the mechanism will go up. In the
vertical direction, the movement can be calculat-

ed by equation 1.
Mo +Fycos(wt) =M,z » D

Where — M,,,,, means the weight of the

mechanism, F, means the motivity of the motor,
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Fig. 2 Image of the strength, speed and displace-
ment of the mechanism in the vertical direc-

tion

and z means the vertical displacement of the
mechanism.

After the mechanism falls down to the
ground, the vertical speed and displacement of
the mechanism will be zero until the motivity of
the motor is bigger than the weight of the mech-
anism again.

The vertical strength, speed and displace-
ment of the mechanism can be shown in Fig. 2.

In the horizontal direction, the friction and
motivity of the motor affect together. The fric-

tion can be calculated by equation 2.
F] :f(Mrobol.g 7FACOS(u't)) B (2)

Only when the mechanism falls down to the
ground, the friction works, and at the other
time, the friction is equal to zero. The friction is
shown in Fig. 3.
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Fig. 3 Image of friction of the simple hopping loco-

motion mechanism

The horizontal movement of the mechanism

can be calculated by the equation 3.
FysinCwt) £ F, =M » (3)

The direction of the friction is the reversed
direction of the speed, so, in equation 3, =+is
used to indicate the direction of friction.

The movement of the mechanism can be
seen in Fig. 4 according to equation 3.

In the image of strength (Fig. 4), the bro-
ken circle means the effect by the friction. The
speed of the mechanism is changed by the fric-
tion, the mechanism goes forward in a cycle,
and it can go in the forward direction cycle by
cycle.

The image of the movement of the mecha-

nism can be seen in Fig 5 according to its vertical
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Fig. 4 Image of the strength, speed and displace-
ment of the mechanism in the horizontal di-

rection

Fig. 5 Image of the movement of the simple hopping

locomotion mechanism.

and horizontal movements.

2.2.2 Movement of turning around itself
When the current goes though the horizon-

tal motor, the rotor will turn around itself. So

the other parts of the mechanism will turn a-

round in the reverse direction according the bal-

ance of moment. The movement module can be

shown in Fig. 6.
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Fig. 6 Movement module of the simple hopping lo-

comotion mechanism.

wrobor €an be calculated by equation 4. There-
into, D means the distance between the center of
gravity of the mechanism and the center of the

motor.

er. If the mechanism becomes heavier, the ten-
sion must be higher to keep its speed. Since the
tension of the motor can not be bigger than 2. 0
voltages, the load is also limited by the power.
The resonant hopping locomotion mechanism is
researched to enlarge the load.

The module of the resonant hopping loco-
motion mechanism is shown in Fig. 7. Since the
new mechanism’s motor and movement of turn-
ing around itself are the same as the simple one,
only the movement of going forward is intro-

duced in the next section.

Fig. 7 Module of the resonant hopping locomotion

mechanism

A spring is used to connect the motor and
the body of the mechanism when the current
goes through the motor, with the motivity of the
motor, the spring will waggle. Suppose that of
the body of the mechanism is much smaller than
that of the spring, that of the body can be ig-
nored and the speed can be calculated by equa-

tion 5.
<m_|_%mk)[éJr/el&:FAsin(wt)7 (5)

The vertical movement can be calculated by

equation 6.
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—M, —Klfcos a=My . (6)

And the horizontal movement can be calcu-

lated by equation 7.

Klfsin ¢ = F,=m,x . D)

Thereinto, F, means the friction. When the
vertical displacement y>0, the friction F,=0,
and when y=0,F,= (M, + Klfcos a) f.

From equation 5, 6 and 7, the horizontal
movement can be calculated by equation 8 when

the vertical displacement y>>0, or by equation 9

when y=0.
T=— Kﬁfm“ sinCwt) » (8)
m/,{(ergmk)wz—K}
S .
IZ*KFAsm aX K fF,cos @ (wt)ij\’/f;f ’
b

7m“m+%mUJ—K}

9

Thereinto, K means the elastic ratio of the
spring, which is decided by the shape and the

material of the spring, and it can be changed
easily. If (m—+ %mk)wz — K=0, the movement

will become very strong, even if the current is

not so big. Then the load of this mode can be

much heavier than the simple one.

2.4 Kinematics of going to the infrared special
light

Since the load of the resonant hopping loco-
motion mechanism can be enlarged, some sen-
sors like optical sensors can be added to the
mechanism which can make the mechanism ap-
proach to the infrared light.

The module of the mechanism with optical
sensors is shown in Fig. 8. The circuit is shown
in Fig. 9. M means the motor and S means the
sensor. If the infrared comes from ahead. the

current will go through the vertical sensors and

the vertical motor. The vertical motor will hence
vibrate and the mechanism will go ahead. If the
infrared comes from the right side, the current
will go through the right sensor and the right
motor and the mechanism will turn to the right
side according to the kinematics introduced in
chapter 2. 2. 2.

Fig. 8 Module of the resonant hopping locomotion

mechanism with optical sensors.

Fig. 9 Circuit of optical sensors.

3 Experiments

3.1 Conditions of the experiments

The motor FM26A is made by the company
of Tokyo, whose diameter is 13. 6 mm, the mass
of rotor is 7. 2 g, the standard speed is 3 200
r/min and the low voltage of the motor from 1.0
V to 1.5 V. Button batteries such as LR44 and
SR44 can be used as the power of the motor.

The experiments are done in the surface of
rigid aluminum, plastic, wood and even the key-
board.
3.2 Movement of the simple hopping locomotion

mechanism
The simple hopping locomotion mechanism

is shown in Fig. 10. When the current goes
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through the horizontal motor, the mechanism
will turn around itself and the speed will increase
with the voltage. When the voltage is 1. 5 V,
the speed will be 4%/s. When the current goes
through the vertical motor, the speed on the dif-
ferent surfaces is shown in Tab. 1 with 1.5V

voltage.

Fig. 10  Simple hopping locomotion mechanism

Tab.1 Speed on the different surfaces

Surface  Aluminum Plastic Wood  Key-board

Speed mm/s  30.0 22.2 25.0 5.0

3.3 Movement of the resonant hopping locomo-
tion mechanism
The resonant hopping locomotion mecha-
nism is shown in Fig. 11. The speed of the
mechanism depends on the elastic ratio of the
spring. Changing the length, the width, the
height or the material of the spring will cause
the change of the elastic ratio. When the load of
the mechanism is changed, the elastic ratio
should also be changed to make the mechanism
vibrate resonantly. The highest speed of the
mechanism of this type can be 74. 0 mm/s with
the least load.
3.4 Movement of the resonant simple hopping
locomotion mechanism with optical sensors
The resonant hopping locomotion mecha-
nism with infrared sensors is shown in Fig. 12.
The optical sensor which can receive the infrared
ray is PS3322. When the infrared ray becomes
more and more, the resistance of the optical sen-

sor will become smaller and smaller. The Na-

Fig. 11 Resonant hopping locomotion mechanism

tional silica lamp made in Japan is used as the
light source. It has been tested that the resonant
hopping locomotion mechanism with infrared
sensors can move to the lamp when the distance
between the lamp and the mechanism is smaller

than 1 m.

Fig. 12 Resonant hopping locomotion mechanism

with optical sensors

4 Result and conclusion

The hopping locomotion mechanism driven
by small vibrating motors can move on a series
of surfaces by hopping. The voltage of the mo-
tor is only 1. 2~1.5 V, so the button battery
can be used as the power to save energy.

The natural frequency can be changed by
the elastic ratio of the spring, so the load of the
mechanism has been enlarged greatly by reso-
nant vibration.

Three optical sensors have been added to
the mechanism, so it can move to a special lamp
and can be used in some automatic control sys-

tems.
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It has been tested that the hopping locomo- forms, and it can be used in some automatic con-
tion mechanism can move freely in a 2D plat- trol systems with special sensors.
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