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Abstract 

Control technology using the computer is one of the key technologies for improving energy efficiency. PWM control, 
which is a control technology for DC motors, is widely used as the basis of power electronics with the development 
of semiconductor devices. On the other hand, programming techniques are required to effectively use these techniques. 
In this paper, we propose teaching materials that can visualize the performance improvement by programming as the 
operating time performance index of the wind turbine. 
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1. Introduction 

Computer-based control technology is one of the key 
technologies for improving energy efficiency. PWM 
control, which is a control technology for DC motors, is 
widely used as the basis of power electronics with the 
development of semiconductor devices. On the other 
hand, programming techniques are required to make 
effective use of these techniques. Control performance 
assessment[1],[2] which is a measure of how effectively 
control technology is working. This method originated in 
Harris's research[3] and is widely used in the field of 
process control. The authors of this paper are conducting 
research to apply this control performance assessment 
method to the achievement evaluation of programming 
learning[4],[5]. 

 
Since the original control performance assessment is a 
method based on the variance of control error, it is 
difficult for elementary and junior high school students 
to understand its meaning. Therefore, presenting more 
easy-to-understand index to students as a scale may lead 
to independent learning. 
 In this paper, we propose to use the operating time of the 
wind turbine as a performance index. Using an electric 
double layer capacitor (EDLC), which is used as a new 
storage device for electrical energy, as a power source, 
we provide activities to think about how to use that 
energy efficiently. Teaching materials that can visualize 
performance improvement by programming are 
explained. 
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Fig. 1.  The Overview of the developed equipment  

Fig. 2.  The Drive wind turbine which is driven by FA-130RA. 

 

Fig. 3.  Power supply Electric Double Layer Capacitor with 
withstand voltage 2.5V and capacitance 25F. 

2. The Overview of the developed equipment 

The overview of the teaching device is shown in Fig. 1. 
The red windmill is rotated by a blue fan. The blue fan is 
driven by the Mabuchi DC motor FA-130RA shown in 
Fig. 2. The power source for the blue fan is a charged 
EDLC. The EDLC used as a power source is shown in 
Fig. 3, with a withstand voltage of 2.5V and the  
capacitance of 25F.  2.5V constant voltage power supply 
was used to charge the capacitance. This is a kit using the 
variable regulator NJM2397, which is shown in Fig. 4 
and can be purchased at Akizuki Denshi. If the regulator 
for charging is turned on, the motor will rotate with the 
regulator as the power source instead of the EDLC. 
Therefore, exclusive control as shown in Table 1 is 
required. A circuit using NAND was constructed to 
achieve this exclusive control. The blue fan can be driven 
by PWM control. The PMW control frequency is 10Hz 
and is programmed so that the sum of on-time and off-
time is 0.1 seconds. PWM control to the motor is realized 
by MOSFET 2SK4017. The circuit diagram is shown in 
Fig. 6. A0 in Fig. 5 is the output of the ON / OFF signal 
from the computer, and A4 is the AD input for 
monitoring the voltage of the EDLC. The voltage of the 
A4 channel can be monitored with 3.3V as the maximum 
value of 100. This relationship is shown as Fig.6. 

Fig. 4.  Variable regulator.  

Table 1.  Output signal for FET. 

A0 5V Out 
0 0 0 
0 1 0 
1 0 1 
1 1 0 
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Fig. 6.  The relationship between the monitoring voltage and 
digital number which is loaded by AD input.  

3.  Experimental evaluation 

The purpose of the device experiment described in the 
previous section is to turn the red windmill as long as 
possible with a blue fan. At this time, the number of 
rotations of the red windmill does not matter, as long as 
it is moving. By adjusting the duty ratio of PWM control 
by programming, the speed of the blue fan can be 
changed. The control purpose is to give the minimum 
energy for the red windmill to move by the blue fan. 
Table 2 shows the results of the experiment under 

different conditions. First, when the duty ratio was 100%, 
the time was the shortest in this experiment.  Next, when 
the duty ratio is 50% at all times, the time is extended a 
little more. However, not all the energy in the EDLC can 
be used. Therefore, if the program is switched to a duty 
ratio of 50% at first and then to a duty ratio of 100% when 
the voltage drops, the time will be further extended. The 
longest time could be obtained by increasing this 
condition. From these results, it can be seen that the time 
of the result changes by changing the programming. At 
this time, the performance index by programming is the 
result time. Students try to improve programming in 
order to increase the time of results. Teachers can look at 
time and evaluate student skills. 

4. Conclusions 

In this study, we created teaching materials aimed at 
efficiently using the energy stored in EDLC. In order to 
use energy efficiently, PWM control technology is 
utilized, and students perform activities to increase the 
target performance index by programming. In actual 
products, energy is used efficiently by control technology 
such as refrigerators, air conditioners, and even hybrid 
vehicles. This teaching material aims to learn that. In the 
future, students will be able to carry out activities and 
their effectiveness will be verified. 
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Fig. 5.  Overall circuit diagram. 
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Table 2.  Experimental result. 

Condition(Duty ratio) Measurement time 

D=100% 3m 09s 69 

D=50% 3m 31s 99 

If V>30, then D=50% 

else  D=100% 
3m 56s 83 

If V>25, then D=50% 

else  D=100% 
4m 17s 48 

If V>65, then D=20% 

else if V>51 then D= 30% 

else if V>37 then  D=50% 

else if V>27 then  D=80% 

else   D=100% 

5m49s 51 
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