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Abstract 

With the continuous improvement of people's living standards, more and more people 
participate in the fitness, at this time the human walking stampede pressure will be a 
form of energy dissipation. In this paper, a multi-functional shoe is realized, mainly using 
the ultra-light porous characteristics of the lattice material and the force and electricity 
conversion mechanism of piezoelectric polymer, to achieve a passive, with spontaneous 
electricity function, massage, temperature control and other functions of sports shoes 
design. 
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1. The background 

Energy crisis has become a worldwide problem. Clean energy, new energy and renewable 
energy are the focus of attention nowadays. With the continuous improvement of people's 
living standard, more and more people participate in fitness, at this time, the trampling 
pressure generated by human walking will be a form of energy dissipation. Secondly, people's 
pursuit of quality of life is also increasing, in the daily process of walking shoes are expected to 
have massage, temperature regulation and other multi-functional characteristics. According to 
the existing research, this kind of versatile shoes are more attractive in the market and are 
easier to get unanimous praise from consumers. This multi-functional sports shoe takes into 
account the various possibilities of people in sports, and pays more attention to comfort and 
energy saving under the basic condition of ensuring safety, so as to exert the maximum function 
of sports shoes. However, the current research and development of multi-functional sports 
shoes need to use batteries for power supply, the function is not perfect, large quality, low 
electromechanical conversion efficiency and bearing and power generation function 
independent deficiencies. 

2. Main content 

Lightweight multi-functional shoe shape and sole structure design: in particular, the sole 
structure uses the ultra-light porous characteristics of dot matrix material and the force and 
electricity conversion mechanism of piezoelectric polymer, to achieve a passive, with 
spontaneous electricity function, massage, temperature control and other functions of sports 
shoe design. 

 

The sole structure samples with self-generated electricity can be prepared by 3D printing 
technology: since the realization of functions such as massage, temperature regulation and 
communication are fixed modules added on the basis of the core design of this project, there 
are separate modules in the market, which can be directly assembled on the basis of the design 
of this project. Therefore, this project mainly realizes the preparation of the sole lattice 
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structure through 3D printing technology, and initially realizes the self-electricity function of 
multi-functional shoes. 

 

The mechanical and electrical conversion ability of the prepared shoe structure was 
characterized by experiments. The deformation of the lattice structure in the sole was analyzed 
by using the knowledge of material mechanics, and the test and analysis were carried out 
through experiments. The mechanical and electrical conversion ability of the shoes was 
obtained by considering the constitutive relationship of piezoelectric materials. 

3. Implementation technology 

The technical route of this project is shown in Figure 1. In the process of walking, the foot will 
produce the corresponding pressure on the sole, that is, the vibration source generates the 
vibration force, and multi-functional sports shoes mainly through the dot matrix collection 
device for energy collection. When using piezoelectric polymer preparation into the lattice 
structure deformation occurs, the piezoelectric material and produce electric field, on the 
surface of piezoelectric materials under vibration force can reduce charge spacing, polarization 
is reduced, wires can be used as an electrical current, so as to realize the mechanical energy 
into electrical energy, achieve the function of multifunctional shoes spontaneous electric. After 
the power management module, the generated power supply is arranged, which can power the 
electric massage structure (massage column, biaxial motor, CAM, transmission rod), and 
promote the human blood circulation and metabolism through the sole massage. At the same 
time, in the sole of the sensor to achieve automatic temperature control and manual 
temperature control two modes, to give people the best wearing experience. Through the 
embedded communication module, the exercise data and health data of the human body can be 
exchanged with the mobile phone to realize the communication function. 

 

 
Figure 1 Technical route of this project 

 

4. Product Features 

Combined with the advantages of piezoelectric polymer and lattice structure, this project 
proposes a new type of lightweight multifunctional shoes with self-generating capacity. The 
lattice structure made of piezoelectric polymer materials is innovatively embedded into the 
sole to realize the integration of load-bearing and self-generating functions. On this basis, a kind 
of lightweight multi-functional sports shoe with functions of temperature regulation, foot 
massage and communication is proposed. 
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