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Abstract
It is necessary for lower grade students to study the correct usage of tools as a base of the technical education for 

dismantling and assembling various machines. However, enough understanding has not been obtained though the usage of
these tools when training first grade students. So, we started to develop a teaching text and materials within the students'
practice curriculum based on the dismantling and assembly of all-terrain vehicle [ATV]'s, which is a very motivating for lower
grade students. 

This practice makes the student learn both how to use the tools and the steering mechanism of cars through the 
dismantling and assembling of the ATV. It is possible to not only have the student learn about the knowledge obtained 
through the practice, but also they also acquire wider and deeper knowledge through making the text and teaching materials
for the practice. 

The textbook and secondary educational materials of this practice curriculum were created in cooperation with a fifth 
grade student as part of their graduation research. As a result, an effective teaching and learning text and secondary 
educational material regarding manufacturing practice could be developed from the student's point of view. Making a teaching
text and materials is effective for promoting the study and experience of engineering.
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Ⅰ. Introduction

Student's life style has changed drastically through 
development of IT or information technology. Re-
placing the most mechanical functions with some 
electronic circuits, the time and work needed for the 
dismantling and assembling operation for maintenance 
and repair is reducing year by year. As most new 
students of technical colleges have not had the 
experience of dismantling and assembling machines, 
their interests for the mechanics of the machine are 
very low[1]. So, it is becoming a very important 
education problem to make these lower grade students 
understand the mechanism and mechanical behaviours 
of machine by the practical work. 

So, the two following items are very important 
with regards to practical work for lower grade students 

as an introduction to their engineering education. The 
first item is how to use the tools accurately for pra-
ctical work. The second item is to give the student 
some experience of dismantling and assembling of a 
mechanical system before they proceed to manufacture 
mechanical parts. For these purposes, an ATV was 
introduced as the practice work for achieving these 
items.

The curriculum and material of practical work is 
usually made through cooperation with teachers and 
technical staff. In this paper, the authors have tried to 
develop the teaching materials as one of the graduation 
research themes[2][3]. The student in charge of de-
veloping the text and education materials learned a 
lot of knowledge about the mechanism of steering 
and suspension through making them.

Ⅱ. Background and Purpose

1. The reason why ATV is the object of dis-

mantling and assembling
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<Table 1> Contents of practical work in the course
Grade Learning content

1st grade Lathe (Turning, Facing, Cut off ), Casting (Sand mold casting using Aluminum alloys),Open-die forging, Scribing,
Tapping, Draw-filing, How to use the hand tools

2nd grade
Lathe (Turning a taper by offsetting the tailstock, Drilling, Boring, Parting), Milling, Grinding, Hob cutting, Shell 
molding, Casting (Sand mold casting using cast iron), TIG welding, Gas cutting, Dismantling and assembling of 
ATV

3rd grade NC programming and machining center, Electrical discharge machining, Laser processing, Soft soldering, 
Measurement of thread and cutting surface, Design and making of products (Dustpan, Wagon, Toolbox, etc.)

The related subjects without practical work

1st grade Creative activities : Robot competitions to develop student's creativity

4th grade Laboratory work : Dismantling and assembling of diesel engine

[Fig. 1] Student’s work and Competition of Machine

<Table 1> shows practical work related to the 
implementation of this theme and content, which is 
carried out in the Mechanical Engineering course of 
our school. Students are not familiar with actual pro-
ducts and systems until the third grade. Introduction 

of the creative design subject was prepared. Students 
make their own robots and participate in a competition 
held within our school.

This subject comprises 15 weeks in total, and each 
class is 50 minutes long. [Fig. 1] shows the original 
robot made by a student, and a picture of our in- 
school competition. These robots are made with just 
a few tools, so they already have acquired the ability 
to do it. 

2. The reason why the dismantling and assem-

bling of ATV was adopted for lower grade 

practical work

It is important for students to have an experience 
of dismantling and assembling before they study the 
special subject of mechanical engineering. However 
students have no experience of making a machine 
until the third grade as shown in <Table 1>, although 
they had already made some mechanical parts in the 
lower grade as practical work. In our proposed sub-
ject, they have experience of handling a lot of parts 
and components of dismantling and assembling the 
ATV system.

The ATV is consisted of many parts. Almost all 
these parts are made by the same way as learned in 
their previous practical work. Students can learn the 
basic techniques for making a system from their 
lower grade practical work. When dismantling and 
assembling the diesel engines in the fourth grade, 
students learn the components of a machine, but in 
this subject they can learn about the whole machine 
system and mechanism. This is an important practical 
subject for lower grade students. 
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(a) Dismantling of ATV on practical work

(b) Parts after dismantled ATV

[Fig. 2] Dismantling and assembling 

Students have to select the proper tools and use 
them correctly. If students break a part through the 
incorrect usage of tools or lose parts, they will soon 
realize that they will be unable to complete the 
assembling. Students obtain the knowledge and value 
of proper tool usage through this practical work.

3. Significance of collaboration with teacher 

and students

The previous textbook and secondary education 
materials for practical work were originally made by 
technical staff with the teacher's support. Though the 

textbook is important for students, the text for pra-
ctical work did not reflect the students' view. So this 
time, the textbook and secondary education materials 
were made by higher-grade student.

Ⅲ. Education Material Made with 
Cooperative Work

1. Development of textbook as graduation thesis 

theme

One of the graduation thesis themes is the four- 
wheeled vehicle control mechanism. One student selects 
this theme. The student proposed the following three 
subjects of the vehicle control mechanism.

(1) Front-wheel: Steering wheel mechanism of rack 
and pinion type

(2) Rear-wheel: Differential gear mechanism for 
rotational speed adjustment of right and left wheel

(3) Suspension Mechanism
The present textbook was improved from the 

student's point of view. Many color photographs were 
used and each photograph has a simple and com-
prehensive working process explanation. A series of 
working processes was written on one page. The 
necessary tool and the required torque value at 
assembly work are also indicated. The length of this 
textbook is 16 pages. This textbook was lent to the 
students for the practical work period. 

2. Development of secondary education material

In the development of secondary education material, 
the student's view was demonstrated in a greater way. 
Some of the secondary education material models are 
shown in [Fig. 3] (a) and (b), which are made to 
explain the difficult mechanism of steering and diffe-
rential gears. [Fig. 3] (a) is a steering model made 
with LEGO blocks. It shows the structure of steering 
mechanism with a simplified and essential structure. 
[Fig. 3] (b) is a cut model of a miniature radio 
control car. It shows the mechanism of differential 
gear which is very similar to the real car.

[Fig. 4] shows the lecture view using a suspension 
link model which was made with plywood. In this 
Figure, technical staff teaches the link mechanics and 
the movement of that link depends on its length. 
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(a) Steering system model 

(b) Differential gear model 

[Fig. 3] Education materials developed by student 

These mechanisms are very difficult to explain by 
only using figures and photographs. So these secondary 
education materials improve understanding by the 
student about their structures and mechanisms.

Ⅳ. Conclusion 

Advantages of this exercise are as follows;
1. Students can learn how to use tools and under-

stand the steering mechanism of a car through the 
dismantling and assembling of an ATV.

2. A 16-page full color text-book was developed. 
This construction of text-book follows “one process 
in one page” and all pictures show an easy working 
procedure.

3. Secondary education materials with which the 
student can study the structure and mechanism of an 

[Fig. 4] Lecture using developed material

ATV was developed.
4. The teachers recognized the importance of 

educational material development from the student's 
standpoint.
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