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Abstract- This study used the theory of inventive problem solving (TRIZ) and the Taguchi method to design a novel 
application for a power generation device in a bicycle. First, Altshuller's Table of Contradictions and 40 principles of the TRIZ 
were used to obtain the Nesting and Mediator, and Ansys Maxwell software was then used to simulate the models of power 
generation device by considering the number of magnetic poles, turns of coils, and distances between magnets and coils and 
between magnets and a yoke. Subsequently, an orthogonal array, L16(),  performed using the Taguchi method was used to 
determine the optimal parameter combination, and the analysis of variance (ANOVA) was used to find the crucial parameter, 
which is the turns of coils, influencing the electrical power generated by the generation device. Verification results showed that 
the efficiency of the electrical power generation was improved by using the proposed approach and that the approach can be 
applied to current electric bicycles. 
 
Index Terms- Low Speed, Generation Device, Triz, Taguchi Method.  
 
I. INTRODUCTION 
 
In recent years, the “energy” problem has been a 
concern for many countries. According to the 
estimation of the World Energy Council (WEC), crude 
oil will be exhausted in the next 40–50 years and the 
coal reserves will be exhausted in the next 200 years. 
In addition, uranium required for nuclear energy will 
be exhausted in the next 60–70 years [1]. These 
depleting reserves are expected to motivate countries 
to develop sustainable “green energy” sources. In 
addition to energy consumption, improving energy use 
efficiency and recycling energy are crucial. Measures 
for carbon reduction and environmental protection 
have been adopted by many countries, and this has led 
to the increased use of bicycles worldwide. Therefore, 
the development of power generation devices for 
bicycles is crucial for the bicycle industry.  
The operation of a bicycle is low-frequency rotation. It 
is crucial to effectively transform rotational 
mechanical energy to electric energy when traveling 
downhill, to charge the battery and achieve the effect 
of back-filled electricity downhill. Therefore, for 
greater convenience and power endurance, electric 
bicycles have started using batteries that can be 
constantly recharged without expending considerable 
effort. 
However, the weight of the disc generation system can 
increase the load of the electric bicycle and increase 
power consumption. Therefore, this study focused on 
designing a lightweight power generation system., 
Lightweight design methods to obtain a power 
generation system with high efficiency and a small 
volume have been studied by many researchers. 
Herrault et al [2] used a rotating electromagnetic 
generator with a high energy density and a small 
volume. Spooner et al [3] presented a light weight  
 

 
spoked structures for both rotor and stator of generator. 
An effective design of the lightweight structures 
offered the opportunity to build generators of 
unprecedented diameter. LaSelle [4] presented a 
system combined with a lightweight solar 
thermal generator  to reduce the power requirement of 
the control system. Keysan et al [5] designed a 
lightweight direct-drive permanent magnet  generator 
for achieving high-efficiency electricity generation. 
Samir et al [6] presented a product innovation process 
involving the combination of concept mapping and 
TRIZ to help designers solve the power supply 
problem of bicycles. Gan [7] proposed a new 
embedded permanent-magnet brushless DC motor for 
vehicles and verified its steady-state characteristics 
and operation in an electric field. They analyzed the 
power density, efficiency, and starting torque of the 
motor, which had an adjustable constant-power speed 
range. 
In previous studies, the theory of inventive problem 
solving (TRIZ) and the Taguchi method have rarely 
been used for determining the optimal parameters of 
low-speed generation systems. In this study, the 
combination of TRIZ, the Taguchi method, and 
ANSYS Maxwell simulations were used to determine 
the optimal parameter conditions for a lightweight disc 
generation system for electric bicycles. 
 
II. GENERATED DEVICE OF BICYCLE 
 
As shown in Fig.1, the generation device can be 
installed upon  the front wheel or rear wheel of bicycle. 
The outer frame of a generator is called as yoke. Yoke 
is made up of cast iron or steel and provides 
mechanical strength for whole assembly of the 
generator. It also carries the magnetic flux produced 
by the poles.The yoke and coils (stators) are fixed on 
the seat dropout  and the magnets (rotors) are fixed on 
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the wheel-hub. The rotators  rotates around the shaft 
with the wheel rotation. According to Faraday's law of 
electromagnetic induction,  “when a conductor moves 
in a magnetic field (thereby cutting the magnetic flux 
lines), an emf (electromotive force) gets induced in the 
conductor”. The magnitude of generated emf can be 
given by emf equation of generator. If a closed path is 
provided to the rotating magnets (conductor) then 
generated emf causes a current to flow in the circuit. 
Therefore, the mechanical energy can be transferred 
into the electrical erergy. 
 

 
Fig. 1 The schematic diagram of generated device of bicycle 

 
III. RESEARCH METHOD 
 
A. Theory of Inventive Problem Solving (TRIZ) 
TRIZ is an inventive-thinking problem-solving 
process, as shown in Fig. 2. It is rapidly gaining 
popularity as a robust process for defining and 
resolving difficult contradictions that are barriers to 
product, process, and business innovation[8]-[9]. Thus, 
TRIZ is not only a tool for researchers and scientists as 
it has been in the past. Today, TRIZ is used to generate 
creative solutions creative 
 

 
Fig. 2.  The schematic diagram of Triz 

 
solutions in a variety of corporate settings under a 
variety of circumstances. In this study, Altshuller’s 
Table of Contradictions (contradiction matrix, CM) 
with 39 engineering parameters (see Fig. 3) was used 
to find the contradiction conditions, and a 
problem-solving method based on 40 innovative 
invention principles was developed [10]. 
 

 

 
Fig. 3. The frame of Triz 

 
B. Taguchi Method 
The Taguchi method, also called the robust design 
method, is used for improving engineering 
productivity by considering the noise factors and cost 
of failure in ensuring customer satisfaction [11]-[12]. 
It is a standardized approach for determining the 
optimal combination of inputs to produce a product.  
 

 
Fig. 4 The flow chart of Taguchi method 

 
The Taguchi experiment, which involves a minimal 
number of trials, is mainly conducted to determine the 
most accurate design parameters. Fig. 4 illustrates the 
flow chart of Taguchi method. In other words, it can 
help improve the product quality at the design level 
and determine the optimal design parameter 
conditions with the aid of an orthogonal array. The 
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quality characteristic can be converted into the 
signal-to-noise ratio (SNR) to evaluate the index of 
quality measured. After the SNRs for each of the trials 
are determined, an analysis of variance (ANOVA) is 
used to determine the most significant control 
parameters. The critical parameters in ANOVA are 
treated as optimal design parameters, and a predictive 
value of the quality characteristics is constructed. In 
this study, the “larger-the-better” (LTB) concepts 
were used to determine the quality characteristics of 
the disc generation system for electric bicycles. For 
LTB, the electric energy generated in this paper is 
considered the quality characteristic. Let y be the eth 
trial result and n be the number of trials. The quality 
characteristic SNR can be described as follows. 

 
 
IV. RESEARCH PROCEDURE  
 
In this study, the problem was converted into a CM 
with 39 engineering parameters, and the 40 inventive 
principles of the innovation were used to design a 
model of the disc generation device.  
 

 
Fig. 5 The flow chart of research procedure 

 
The design parameters, including the number of 
magnetic poles, the number of poles with wound coil, 
the number of turns of coil, and the distance between 
the magnet and the coil, were modeled using TRIZ. 
Finally, the orthogonal array in the Taguchi method 
was constructed and the ANOVA was performed to 

determine the optimal combination of design 
parameters and the most crucial parameter. The 
research flow chart is as shown in Fig. 5. 
 
V. RESULTS AND ANALYSIS 
 
A. Combination of TRIZ and the Modeling Design 
As shown in Table I and II, the results of an analysis 
performed using the CM and 40 principles of the TRIZ 
were Nesting and Mediator. Therefore, the modeling 
design involved inserting a magnet into the disc and 
wound coil into the yoke of the magnets. The 
parameters set in Ansys Maxwell software were as 
follows: the magnets were chosen to be an NdFeB 
magnet (N35), the coil was selected to be a copper coil, 
and the material of the yoke was set to be SAE-AISI 
1008 low carbon steel. In addition, the meshes were 
divided into 10000 nodes in finite element models and 
the time was set to 0.05 s. The generation capacity was 
recorded every 0.05 s. The system not only converted 
rotational energy into electric energy effectively but 
also minimized the volume of the device.  

 
TABLE I.  CONTRADICTION MATRIX OF TRIZ 

 
 

TABLE II. THE IMPROVING MODELS FROM 40 
INVENTIVE PRINCIPLES 

 

 
 
B. Results of the Taguchi Method and ANOVA 
 
In this study, the Taguchi method was used to 
determine the optimal combination of design 
parameters. The fixed number was 10 km/h; the 
numbers of magnetic poles were 14, 16, 18, and 20; 
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the numbers of poles with wound coil were 14, 16, 18, 
and 20; the numbers of turns of wound coils were 1000, 
1200, 1400, and 1600; the distance values between the 
magnets and the coils were 2, 3, 4, and 5 mm; and the 
distance values between the magnets and yoke were 
12.5, 15, 17.5, and 20 mm. As shown in Table III, the 
orthogonal array L16(4ହ ) was used to analyze the 
results of 16 different experiments.  

 
TABLE III.  ORTHOGONAL ARRAY IN TAGUCHI 

METHOD 

 
 

TABLE IV. EXPERIMENTAL RESULS OF 
ORTHOGONAL ARRAY L16(45) 

 

 

TABLE V.  THE RESULTS OF ANOVA 

 
*p<.1；**p<.05；***p<.01 

 
Table IV shows the values of the SNR. The parameters 
influencing the voltage of the generating unit were (in 
decreasing order of influence) the number of turns 
(turns), the magnet–coil distance (mm), poles with 
wound coil, magnet–yoke distance (mm), and the 
magnetic poles (pole). According to the influence of 
various parameters on the SNR of the response table, 
the optimal combination of factor levels is 
A3B4C4D1E3. 
 

 
Fig. 6. The distribution diagram of electric energy for generator. 

(a) Design and modeling (b)  Finite element simulation 
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From the SNR and quality characteristic, the optimal 
combinations were A3B4C4D1E3 and A4B4C4D1E3. 
Table V shows that the most crucial parameter is the 
number of turns of wound coil, on the basis of 
ANOVA. Table VI shows the results obtained after 
comparing the optimal parameter combinations for 
different factor responses. The highest SNR for the 
optimal combination corresponded to a power voltage 
of 8.0 V, and the optimal combination of quality 
characteristics obtained corresponded to a generated 
voltage of 9.25 V. Accordingly, the optimal 
combination of parameters determined through 
comparisons is A4B4C4D1E3. Figs. 6(a)-(b) and (7) 
illustrate the modeling design, voltage and energy 
distribution in the Taguchi method, respectively. The 
more the turns of wound coils, the larger the power 
generated. However, the cost can increase and the 
distance values between the magnets and the yokes are 
affected if the number of turns of wound coils is large. 

 
TABLE VI. VERIFICATION FOR OPTIMAL 
COMBINATION OF DESIGN PARAMETERS 

 

 
Fig. 7 . The Voltage of simulation for optimal design parameters 
 
CONCLUSIONS 
 
Thi study used two stage to design the Disc Planetary 
Generation Device for Bicycles. The first stage used 
the TRIZ to determine the Nesting and Mediator in 40 
principles of invention. The second stage involved 

determining the most crucial design parameter by 
using the Taguchi method and an ANOVA. The 
experimental results demonstrate that the methods 
proposed in this study can be used in identifying 
numerous sets of design conditions to improve the 
generation power of bicycle and can also be widely 
applied in the current  electrical bicycle industry. 
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