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2.3 Design of power delivery
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Team members

. Adviser

Eileen Chih-Ying Yang

€ An assistant professor in the Department of Mechanical Engineering at
National Chung Cheng University

€ B.Sc. degree in Mechanical Engineering, National Chung Cheng University,
2004

€ Ph.D. degree in Mechanical Engineering, National Tsing Hua University,
2009

€ Interests: machine dynamics, precision machine design, and control
technology

. Members

Wei-Cheng Chen

€ Studying in the Department of Mechanical Engineering at National Chung
Cheng University, third grade.

€ Achairman of the 21th student association in CCUME

€ Duty in TDK team : Moving part, design of circuit

Jun-Xu Lai

4 Studying in the Department of Mechanical Engineering at National Chung
Cheng University, third grade.

€ Anadministrator of activities of 21th student association in CCUME

€ Duty in TDK team : Collecting part

Che-Cheng Yang

€ Studying in the Department of Mechanical Engineering at National Chung
Cheng University, third grade.

€ Anadministrator of website of 21th student association in CCUME

€ Duty in TDK team : Lifting platform, design of baskets
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I1. Robot Introduction

2.1 ldeas and tactics analysis

2.1.1 Route planning

We designed our robot According to the rules of the contest. Following is our ideal
route of the contest.

1. Area of Bridge climb the angle of inclination is 8.5 degree ]

the place is 10 cm below the ground
the basket should be raise to 200 cm high

2. Area of water rescue dolls
hang basket

[ 3. Area of mudslide rescue dolls dolls are on the ground ]

the place is 40 cm higher than the ground
the basket should be raise to 200 cm high

4. Area of Landslide rescue dolls
hang basket

« @@

[ 5. Area of Obstacles cross the obstacles obstacles : height 5 cm, width 6cm ]
6. Area of rescuing retrieve baskets the place is 40 cm higher than the ground
‘7_
]
fl 0
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2.1.2 ldeas of design
According to the analysis of the contest, we set our robot into three parts — Moving,
Catching and Raising. We list different ideals and analyze their advantages and
shortcomings to choose our final ideals.
Walking, climbing, crossing the obstacles, turning right or left are necessary for the
Moving part. First, we compare the advantages and disadvantages with different
numbers of legs. We consider there will have a trouble of balance if we choose
two-leg robot or four-leg robot for our robot when it go across the bridge. So, we
decide to choose six-legs as Moving part of the robot. The robot has six legs can

improve the stability while walking, preventing the sway.

Two-leg robot Four-leg robot Six-leg robot
Easy to control Faster than two-legs More stable while
Advantages walking
_ Hard to have balance | Easy to falling down heavy
Shortcomings
of the robot

Second, we compare the advantages and disadvantages with different numbers of
motors. The Six-leg robot with three motors can turn right and left easily, but structure
is more complex. The six-leg robot with six motors has more flexibility, but the
weight and cost too high to transcend the restriction of the contest. According to these
disadvantages, we quit those two programs. However, the six-leg robot with two
motors has lot of advantages such as easy power distribution, light weight, easy

structure, so we choose six-leg robot with two motors as our Moving part.

Two motors Three motors Six motors

The robot can be | There’s a motor to | High flexibility
Advantages | lighter control the direction
of the robot

) High load for the | Complex structure Heavy, hard to control
Shortcomings
motors and rods

Catching part should rescue the dolls and collect them into the baskets. It must
overcome the different height of places that has dolls. We have four ideal programs —

robot arm, shoveling, sweeping, shutter. Robot arm can catch the doll directly and




SERMA B Ri¥as NfE1T

Team Member and Robot Introduction
hang the basket on the tram precisely. But the structure is too complex for us to build,

and cost a lot. Shoveling can shovel the dolls back to the basket, and the structure is

light and easy. Sweeping can use stretching theorem to collect dolls, but it can’t

overcome the places with different height. The idea of shutter is inspired from the

camera. The dolls can be collected precisely. After discussing and analyzing, we

decide to combine Shoveling and Shutter into a new structure called Collecting

structure. This new program has both advantages of the Shoveling and Shutter. It’s

more easy to overcome the place with different height and catch dolls precisely.

Robot arm | Shoveling Sweeping Shutter Collecting
Catch easily Easily  to | Overcome the
Easy to ) ) )
Advantages ouild Catch easily | build height, easy to
ui
collect

Complex The problem | High  cost

Disadvantages | heavy Fail easily | of different | due to lots
height of motors

Robot arm

\4
bl ——— e

doll basket

.

Sweeping

Shutter

&

B
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>
f

Collecting The design that overcomes the diff. height

Raising structure must raise the basket and hang it on the tram. Robot arm
can hang the basket on the tram directly. Stacker has smaller volume
but it may exceed the restriction. Lifting platform can use shorter rods to
achieve the height and it easy to build.

Robot arm Lifting platform Stacker

Shorter rods can achieve

Advantages | One arm can do anything _ Less space
the height

Disadvantag Hard to put the basket on | Exceed the restriction

complex
es the rescue area

\

)

®
&
g

2.2 Details of the design and Machining

2.2.1 Body of the robot

We choose Aluminum extrusion as our main materials, and there are three
types of it. Aluminum extrusion 3 bends when we press it. The cross-section area
of Aluminum extrusion 2 is too small to work, and uneasy to install other structure.
Finally, we choose Aluminum extrusion 1 as our main material.
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Aluminum extrusion 1

Aluminum extrusion 2

Aluminum extrusion 3

size[mm] 30*18 22*10 30*30
Shape Rectangle Rectangle Square
Results Use Quit Quit

2.2.2 Moving part
This part is to let the robot go across the obstacles and move on the court
smoothly. Following is the picture of design. A, B, C, D, and E are

rotation pairs. F is siding pair. According to analysis, rod 1 and rod 4 can
leave the ground above 6.95 cm. this part, we use Aluminum extrusion 1
to endure loading and moment.

Schematic diagram of moving part




SERMA B Ri¥as NfE1T

Team Member and Robot Introduction

0"

0¢

Obits of rods for the moving part

35

At

\7/@\
<)

Lengths of rods for the moving part
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2.2.3 Collecting part
This part must have the ability to overcome the different height and
collect the dolls in three places. So, the moving distance is designed as 50
cm. the front part of the structure is designed as 75 cm to collect dolls at
once. The diameter of the circle is 25 cm. this is the most suitable size for
it. The catching part can fold so that the part can’t exceed the restriction.

P

35cm

IBScm

Collecting part

L.

>

Folding design of collecting part
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2.2.4 Lifting platform
This part is to lift the basket and hang it on the tram. Consider the space
of the maximum height, so the rods are chosen as 38 cm, and the platform
have maximum height 136.71 cm. in this part, we use Aluminum
extrusion 2 to have lighter platform.
19

C|
lo

38

136.71

16’62

Lifting platform

Rail
2.2.5 Complete 3D picture of the robot
The picture of ideal robot drawnwith Autodesk Inventor.
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2.3 Design of power delivery
According the design of Moving part, the NO. 5 rod should be powered by the motor
to rotate. Compared with three cases, we deciede to use chain.

Schematic diagram of moving part

Motor Chain Gears
Advantages | Reduce loss of | The place of High
energy motors is easy | efficiency of
to choose power
delivery
Disadvantages | Increase the | Chain may cast | High abrasion
width of the off of gears
robot
Result Quit Use Quit
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2.4 Design of Circuit
The most important thing of the controller is light and easy to use. According to every
mission in the contest, we found that all the acts of our robot can be done
respectively.so,we consider to design a controller that a switch can control a act.
Motor of walking and motor of reel can use a switch respectively. Two pneumatic
cylinder are combined to a same switch.

Forward
Walking motor | Back
Stop
Forward
Walking motor 2 Back
Stop
U
motor of arm Doﬁn
motor of reell regfzise
Pneumatic cylinder 1 I_
Up
Pneumatic cylinder 2 | — Down

2.5 Assembly, Tests and Modification

2.5.1 Assembly of walking part

Walking part is the most important part of the robot,so it’s the first part to install.
2.5.2 Assembly of Bearings

There are lots of joints on the robot, so we decided to install many bearings to reduce
friction. First, we stuff up wood into the aluminum extrusion. Then, install
bearings. This method enhances the stability of the bearings.
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2.5.3 Assembly and modification of motors

The legs of the robot are powered through the chain by motors, but the chain always
caste in the first time. We found the reason of this problem is that the aluminum
extrusions are out of shape. To improve this, we install L-shape aluminum
extrusion.
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2.5.4 Assembly and modification of lifting platform
There are five layers on the initial design of the platform, but isn’t hight enough to
reach 2 m. so, we modified it into four layers.
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2.5.6 The picture of our robot
After 3 months of design and 3 months of assembly, our robot finished.

— )

2.6 The creative design of the robot

The Aluminum extrusions of the robot are white, this color make our
robot so beautiful.

We use bearings for all the rotation pairs, though it is hard to install.
There are 100 bearings on the robot, it seems like a record.

I11. Individual experience

In this TDK contest, our robot didn’t perform well, but we learned a lot from the
process of building robot. The experience of machining can’t learn from the class.
During the TDK contest, the participants from other college teach us lots of skill,
these skills improve us to build our robot more precisely.

Although we can’t win a prize in the contest, we learn a lot of skills and experience.
These are priceless, we think that can help us when we work or in the school. TDK is
really a good contest.



