Flexible Mechanical Bionic Robot Driven by Bus Servo
Structure & Materials

Introduction
- The purpose of this project is to build a caterpillar-like bionic robots, with
their polyarticular joints and high redundancy, moving steadily on rugged
surface such as pipelines and ruins.
- The robot is made up of individual modules, each of which is connected
by spring as a flexible connection and driven entirely by bus servo.
- The robot has four different modes: the mode of single joint driving, the
mode of double joints driving, and the mode of double joint driving with
head up, and the mode of S shape.
-The conclusion is that the robot reaches its fastest movement in the mode
of double joints driving with a short axle wheel and a rubber wheel sleeve
(to give it high friction), also it is able to cross the obstacles and move on
the rough surface in this mode.
- The robot can be applied to exploration, aerospace engineering, and the
search and rescue after disaster.

The caterpillar-like bionic robot is made up of two parts, body and head.

The entire robot is driven solely by bus servos demanded by Arduino
control board connected to the phone by Bluetooth.

F1(y) = F2(y) + G
F1(x) = F2(x)

1. The mode of single joint driving (SJD): One of the joints in the middle
part of the mechanical bionic robot is lifted. In this mode, only three servos
are driven, increasing the endurance of battery. The servos provide more
force and have more capability to drive the robot forward on rugged surfaced.

The body part is made up of eight identical modules. Each module has two
partitions, three equally spaced springs installed on the left, right, and bottom
sides of the partition with corresponding nylone wires and servos.
The function of springs is to control the direction of the robot's movenment,
while the function of the nylon wire and servos is to control springs.

F1(y) = F1(x) = F2(x)
F1 = √2 F1(x)

Experiments & Conclusions
Experiment1. Exploring the effect of response time on speed
This experiment investigates the effect of four different servo response
times, 0ms, 200ms, 400ms, 600ms, on speed.

Conclusion: 200ms is the best
response time since it is not
too short to add excessive
wastage on servo, nor too long
to slow the speed.

2. The mode of double joints driving (DJD): The force of the servo is
much stronger than that of the SJD, so the speed is faster. In addition,
when the robot is stuck, the arched section at the back can generates thrust
to push the robot forward.

3. The mode of double joints driving with head up (DJH): The upper
springs at the joint of the head are tensioned and the front partition is then
lifted up to raise the head. When encountering obstacles or moving on
rugged surfaces, the robot can lift its head up to easily cross the obstacles.

Theoretical Design

In different modes, assuming the limit state of the robot is when the joint of
the head lifting 45degrees and the joint connecting head and body is 60
dgrees from the ground. G is the total gravitational force of this joint, F1 is
the support force provided by the spring, and F2 is the servo pulling force:

Moving Patterns

4. S-shaped mode: The mechanical bionic robot is able to imitate the
crawling pattern of a snake by twisting in an S-shape to move forward. By
stretching the nylon wires on both sides, the mechanical bionic robot
would twist.

Experiment 2. The effect of motion pattern, axle length, and axle
surface friction on speed
This experiment investigated the effects of the above three variables on
speed. The purpose is to investigate a combination that maximize the speed.
Conclusion: The DJD mode is
the fastest with short axle and
rubber wheel sleeve (high
friction).

F2(x) = √3 F2(y)

When the robot raises head, the schematic diagram of lateral spring
deformation:

Experiment 3. The robot's adaptability to different terrains
This experiment investigated the robot's adaptability to different
environments.
The head is a clip controlled by a servo to open and clamp and another
servo behind it to rotate the whole clip so is can clamp items at different
directions. The head can also be rose.

5. Earthworm mode: The three springs in the first body module are
contracted simultaneously, then the springs in following modules are
compressed while the springs in previous module stretch. The robot can
move in a relatively small space by this way.

Conclusion: The robot is able to adapt to various slopes and
the pipe under the DJD mode.

The measured length of the spring elastic deformation is 31.8 mm. F1,
3.97N, is the elastic force provided by one spring. The elastic force
coefficient of the spring is:
K = F/I = 3.97N/0.0318m = 125N/m
The diagram of the servo torque:

Ms = F2 * R = 6.48N * 0.016m = 1.04kg * cm
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There are two one-way wheels per foot on the bottom of the robot to ensure the
balance, speed of it. Since the friction between the wheel and the ground is too
small, rubber wheel sleeves are wrapped around the wheel to increase the friction. Each of these five different moving patterns has its own advantage and is
controlled by different demands.
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