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Abstract
The mechanical clock was designed and produced by students as a trial theme of PBL class. The limit of making time

is three weeks and main material is limited to paper. Only a basic mechanism drawing is given. As the principle of 
mechanical clock is not complex and does not need the special knowledge of mechanical engineering, even lower grade
student seems to understand enough. This subject can train the skill of knowledge composition, creativity and the 
problem-solving ability. After execution,the validity and performance as the theme of PBL class was evaluated. As a result,
the following findings were obtained. The paper made mechanical clock could be produced in three weeks. And, by 
additional improvements of the product, the enough strength and stable movement were achieved. Students can learn that 
many kinds of knowledge through actual experiences of design and making were required in manufacturing the real 
products. The proposed PBL style class is suitable as an introduction and training subject for lower grade student in 
department of engineering
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Ⅰ. Introduction

Recently, the PBL style class with problem solving 
for given theme is widely adopted in the university 
and technical college. In this subject, only the theme 
is given. The design and the decision of detail stru-
cture are transferred to the students themselves in the 
group. The students can experiences of solving the 
problem. Originality, activity, planning skill, conver-
sation and work of cooperation, which are necessary 
items for success, will be trained. Here, mechanical 
clock is chosen as a trial theme of PBL class. The 
graduate research students in our laboratory design 
and produce it as introduction and training of graduate 
research. The limit of making time is three weeks 
and main material is limited to paper. Only a basic 
mechanism drawing is given. Students have to un-
derstand the principle of movement, consider the 
structure, select the materials, decide the processes, etc. 
This subject can train the skill of knowledge com-

position, creativity and the problem-solving ability. After 
execution, the validity and performance as the theme 
of PBL class was evaluated.

Ⅱ. Outline of Making Process 

Firstly, some products made by students are shown 
in [Fig. 1]. Left clock has the pendulum. Middle and 
right clocks have the foliot. All parts of clock making 
processes are speed control mechanism, frame, pulley, 
escapement wheel and adjustment of clock. Each pro-
cedure is shown as follows. 

1. Making gear system

The mainly clock parts were paper, but the gear 
shaft and escapement wheel were made of bamboo 
skewer and straw. In making two gears and two cage 
type gears with 60 and 12 teeth respectively, these 
required to adjust for each engagement. In this pro-
cess, several ingenious ideas were used. First, teeth 
of gears were made a little thin due to smooth move-
ment. And, the gear rotating path and alignment were 
recognized using 2D-CAD system. Shafts made of 
bamboo skewer and straws as bushing were used to 
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[Fig. 1] Some examples made by students

 

[Fig. 2] Gear system

reduce friction in the rotating components, etc. The 
paper was 1mm in thickness. It took about two hours 
to make each gear. The gear system is shown in [Fig. 
2]. 

2. Making base, frame and pulley

The weight supplying energy is transmitted to the 
gear system through the moving pulley by string. The 
pulley was set into the base component. The base 
size is determined from the stroke of moving pulley, 
that is, the moving time. After the completion of base 
frame, the gear movement was set up on this frame. 
Finally, the ancre and the foliot were set on the base 
frame such that the ancre engage with escapement 
wheel.

3. Making escapement

The escapement consists of the escapement wheel 
(Fig. 3) and the foliot (Fig. 4) with ancre. This foliot 
swings right and left by which each teeth of escape-
ment wheel engage with the claw of ancre (Fig. 5). 
Several improvements were executed in order to make 
a prescribed swing cycle. The whole parts of escape-
ment wheel were made of paper at first, but the teeth 

[Fig. 3] Escapement wheel

[Fig. 4] Foliot
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[Fig. 5] The escapement

of the wheel were replaced with bamboo skewer for 
fit adjustment of them after the several trials. Since 
the foliot is largely depending on friction, it was 
dangled to reduce the frictions.

4. Move adjusting

Gear system rotated smoothly. But the position 
between the escapement wheel and the ancre was 
necessary to adjust. Due to make some repeated 
adjustments, the foliot and its supporting were remo-
vable from the base frame. By these ingenuities, the 
adjustment operation and the rewinding strings became 
easy. As the result, the stable movement was recog-
nized for several minutes.

Ⅲ. Further Improvements 

About the above-mentioned clock, the making time 
was limited for three weeks. Another example without 

making time limit is shown as follows. In this section, 
some ingenious ideas and improvements are pointed 
out.

1. Improvement of the fundamental process

Main parts were drawn in 2D-CAD and printed. 
These printout parts figures were pasted on the paper 
and cut out. This method is effective in mass-producing 
parts and keeping the accuracy of some parts such as 
an escapement wheel. In cutting out the wheel teeth, 
the cut tool accuracy is required. Here, a design knife 
was mainly used because the blade is changeable. 

2. Discussion of strength stabilization

Keeping stable and exact moving of each part, 
enough strength must be obtained. The improvement 
of poor strength is bonding of papers, box structure 
and partial strengthening. The parts of clock are no 
single sheet structure in this subject. The gears and 
a pulley were made of the paper, which several sheets 
were bonded together. Box structure was used in the 
frame, the supports, and speed control components. 
Teeth pick was used for cage type gear. The box frame 
was pasted to frame plate due to improve strength. 
This clock is continuing function normally for more 
than three months.

3. Decomposable structure

The completed clock is decomposable partially for 
maintenance. In this escapement mechanism, only the 
ancre was designed to be resoluble. As a result, many 
trials were possible in short time, and stable movement 
of ancre was obtained (Fig. 6). 

[Fig. 6] Decomposable structure and many trials
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[Fig. 7] The structure of clock improved

 

[Fig. 8] The clocks produced

4. Structure simplification 

The structure of frame and the arrangements of 
parts were complex at this initial design stage. There-
fore, the interaction and poor connection between 
parts and supporting elements occurred and the poor 
strength and poor energy transmission were caused. 
So, the following improvements were carried out. No 
interaction structure was adopted by moving the sup-
port position to the center of the frame. The structure 
was also simplified by integration of the pendulum 
and the ancre (Fig. 7). The strength and the efficiency 
of power transmission were improved by rearranging 
of the escapement wheel and the pendulum. As a 
result, the stable moving clock was achieved. The 
whole views of two clocks are shown in [Fig. 8]. 
Right clock is improved its external view too. The 
mechanical system is enclosed by frame. 

Ⅳ. Educative Effect 

The educative effects of practical work proposed 
in this research are considered as follows. The all 
processes of engineering design and production can 
be experienced, through execution from the beginning 
to the end of the design and the production. The 
mechanical clock mechanism is hardly seen today. 
However, it is necessary to examine about various 
factors to ensuring an accurate movement, i.e. 
material choice, processing method, accuracy and 
mechanism etc. Students will recognize that a lot of 
examinations and discussions before making product 
are more effective than the trial and error. In addi-
tion, the students will experience whole of product 
design, because the not only technological design, 
but also thinking about parts' arrangement, durability, 
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maintainability, usability and external view design 
are required. By these reasons, it becomes to be an 
effective study subject of the project management. 

Ⅴ. Conclusions 

The mechanical clock was designed and produced 
by students as a trial theme of PBL class. As results, 
the following findings were obtained.

(1) The mechanical clock mainly using paper could 
be produced in only three weeks. And, by further 
improvements, enough strength and stable movement 
were achieved.

(2) Students can learn that actual production widely 
needs many kinds of knowledge through actual ex-
periences of design and making. 

(3) As the principle of mechanical clock is not 
complex and does not need the special knowledge of 
mechanical engineering, even lower grade student 
seems to understand enough. 

(4) The proposed PBL style class is suitable as an 
introduction and training subject for lower grade stu-
dent in department of engineering. 
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