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Abstract

Through the analysis of current shoe cabinet market, aiming at some of the f mllles
that in needs of shoes cleaning, disinfection and storage, especially in areas
weather or frequently accompanied by rain and snow. The shoe cabinet was re
to meet the needs of consumers on the shoes cleaning, sanitary and storag is paper is
mainly based on ergonomics principle and humanized dest
researching from the aspects of function, material, color
to design multi-functional shoe that sets disinfection

i-functional shoe

new design concept for shoe cabinet which makes .t enjoyshe mudti i
cabinet with hygiene and soft at the same time feeling/the bea d enjoy what design
brings to our life. Q 9
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1. Introduction s\\

The improvement of theq&%r f |If€0 people pay more and more attention to
their own side of the details o e are looking for more healthy, safe and
environmental products ty of life. However, the shoes cleaning and
hygiene have not he people. Shoes are not disposable products, but the
necessities of lif i to use a period of time. Wet sludge or foot sweat,
etc., will aﬁect& sefs health. A clean and disinfection household shoe
cabinet ca 0es, m hile let us enjoy our life better.

The formand functi% oe cabinet on current market are very simple, because in
the eyes of most peo ole of shoe cabinet is just for storing shoes. Moreover, people
are generally o’r&g&med about the health of the socks, replacing and cleaning socks
I

daily. But they, nore the hygiene of shoes, because shoes are difficult to clean and
disinfect. Shoes ase easy to breed a lot of bacteria, causing a variety of bacteria including
infection ﬁ%ﬂi-beri, tinea pedis, etc., and then becoming a medium for the spread of
germs. weat will make the shoes in a warm and humid state when people in shoes,
whi ovides a suitable environment for bacteria’s growth. The health problem of shoes

d area that people don't pay attention to. If combine the function of drying and
stegiizing with the shoe cabinet can store shoes at the same time preventing foot diseases,
improving the people's living standards.

Multi-functional shoe cabinet mainly combines the function of disinfection and storage.
Disinfection sterilization mainly uses ozone sterilization technology. Ozone sterilization
is the use of ozone in the oxidation of oxygen atoms to carry out sterilization; it can
effectively destroy the structure of the microbial membrane, so as to achieve the effect of
cleaning and sterilization.

The innovative design of multi-functional shoe cabinet is mainly embodied in the
following aspects.
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2. Function and Structure

2.1. Function Principle

The main function of multi-functional shoe cabinet is disinfecting, sterilizing and
deodorizing the shoes , and in addition to dry the wet shoes.

Disinfection mainly relies on ozone sterilization to achieve the requirements of
sterilization.

Ozone which is a light blue gas with special smell at room temperature is allotrope of
oxygen. Ozone’s English name is "Ozone". Ozone can sterilize quickly, safely and
effectively, and besides it has the function of deodorization™. The characteristic data of
ozone is as shown in Table 1.

Table 1.Typical Physical Properties Data of Ozone

<
Density Boiling Melting point ('C Molecular Water solubi 0
(0C 0.IMPa)g/L | point ('C) elting point (‘C) weight SOl
v

2.14 -111 29 47. 998{

Ozone has strong oxidation, and its high ozone conce %IS human body.
The starting point for the concentration of o oxicit pm while the
concentration of ozone in the air people can sm@ 02 ~ Accordlng to the
results of the experiment on ozone for lung toxigity, 2.0 ppmis con5|dered to be the
cap on the allowable concentration of ozone.*@nstry th provides the maximum
allowable concentration of ozone is 0.3 @ 15ppm)\

Air application concentration m\

If ozone is used to deodorize and e, it r& ow concentrations of ozone, such
as 0.25ppm (0.5mg/m3) Ie@) ne is use disinfect the surface of an article
(killing bacteria and chemla& n) olt quired to increase the concentration of
ozone several times.

Ozone Generator

There are three ma. i sofm fthe occurrence of ozone:

(1)High volta arge

(2)UV irradi pe %

(3)Elect® pe

The hig age di type is most widely used, because the technology of this

method has been ve re, consumption of electronic components is relatively small,
and working corm& re stable and safe. Its working principle is shown in Figure 1.
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Figure 1. Working Principle of High Voltage Discharge Ozone Generator
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Among them, the discharge tube in the generator is the core technology and equipment
of the production of ozone with high voltage discharge. The working condition of the
discharge tube also directly affects the safety and manufacturing efficiency of the whole
device. Discharge tube using micro-gap dielectric barrier discharge design, can greatly
improve the safety of the device, and increase the efficiency of ozone production. This
technology has been widely used in the production of ozone.

The dryer of versatile shoe cabinet mainly relies on heating equipment to evaporate
moisture vapor inside the shoe. However, the choice of dryer heating element is very
important, if the power of heater is too large, it will damage the shoes, but the power is
too small, which cannot guarantee the drying time. Most common heating device in
people's daily life is PTC heater. PTC heater and its working principle are shown in
Figure 2.

N

Sheetmetal Dielectgesilm

.......
.............................
-----------------
.........................
..............................

% _//'Al//

@hed 1 slice Metal case

Figure ter a Worklng Principle

PTC heater is a common%ng el hich now is widely used in floor heating,
foot bath temperature he heater, |N tor and so on many products closely related to
people's life. PTC hedteNpower is II; the constant temperature performance is good,
and is energy effi d enyi ﬁg\tally friendly. This kind of heating way to the shoe
basically has n %

The ma hnical &&ters of the PTC element used in the electric heater are
shown in Table 2.

‘Table 2. Characteristics of PTC Element R25

A . -
Resistance Itage Value Withstanding Power characteristic
Voltage
120-125V 100Q-10 KQ good small | Small slipstream current

R2 \ ] ) at the start
6-24V 0.50-50 bad big Big slipstream current at
the start

(1Resistance at room temperature is R25. Voltage: 120-125V. The R25 generally take
100 Q - 10 KQ.

(2Turie temperature Tc should be moderate. Under certain conditions, the power
consumption of the electric heating products can be improved by increasing the Tc.

(3Yhe temperature coefficient of resistance aT should be large, usually aT>14.

@Ap%e]arance is smooth that the thickness tolerances must be strictly controlled within
+0.2mm*.
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2.2. Structure

The innovation of multi-functional shoe cabinet is the totally new structural
arrangement. As shown in Figure 3, breaking the horizontal arrangement of common shoe
cabinet while designing structure, and hanging shoes in the shoe cabinet through the
rotating rack, which makes easy to store and take out. Jointing the shoes sole and sole in
the vertical shoe ark, which greatly increase the space efficiency of shoe cabinet. The
rotary structure and hanging frame of multi-functional are shown in Figure 4.

Figure 3. Rotary Structure of igure 4.
Shoe Cabinet \%\ '

In order to make the multi-functional shoe cablmmte aerle, there are no
decorations and extra parts outside. The opening osing \e(of the cabinet door
will adopt rotation operation. The "bounce se cklng II be installed on both
sides. Looking the shoe cabinet from outad&g is no on the door. So if the user
wants to open the door, he just need to p Si

and it locking itself.

3. Material and Technodok/g ’\6

de e door and then loosen, the door
will open automatically. It is the sa{ in clo e door, pushing the door softly

3.1. Material

Material select in t mfluence on the internal and external appearance
of the product, o affec e function and the overall aesthetic feeling of the
product. N the inh t properties of the material should be considered, but also
the organic ct be materlal and people, the environment should be.

According to the
multi-functional s

ments of the function, structure and appearance design of

inet, the materials used are as follows:

oe cabinet adopts PC HCG2520FR (Polycarbonate plastic).

The mai rial used is PC polycarbonate plastic. PC polycarbonate plastic is a

plastic, which plays an important role in daily life. Polycarbonate plastic

perature resistance, wear resistance, long life, non-toxic tasteless, and its

bigg ture is its own impact resistance. Polycarbonate plastic can make fine and

% parts structure for various purposes. The performance parameters of
2520FR PC (polycarbonate plastic) at 23 °Care shown in Table 3.
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Table 3. Performance Parameters of PC HCG2520FR at 23 °C

Basic
performan Mechanical properties Electrical properties Thermal properties
ce
. Tensile Bending Bending | Rockwell | Dielectric Volume Flame - Hea?
Density s distortion
(glem®) strength strength Modulus hardness strength resistivity retardancy temperat
g (Kglem? | (Kglem? | (Kg/em? | (Rscale) | (KV/mm) | (Q*cm) (CLASS) | o ()
1.35 850 1500 55000 122 30 10 V-0 142

The hanging frame inside the shoe ark uses 5083 Aluminum Alloy material.

Aluminum alloy is one of the most widely used non-ferrous metal structural
in the industry. It has low density, high strength, which is close to or m hlgh—
quality steel, and good plasticity. As a result, it can be processed into a v profiles.
It is widely used in the industry because of excellent bﬁcal co®| y, thermal
conductivity and resistance corrosion resistance, as weg igh strength,
being easily processed and tolerance stamping. Ag€ording res demand, racks
inside the shoe cabinet is made of 5052 aluminum'&lloy, WhICh g alloy aluminum
alloy and widely used as a rust-proof alumi alloy™. oy has high strength,
especially high anti-fatigue strength, dl& and ¢ %@n resistance. Technical

parameters and the chemical compositi6i 2 al% alloy are given in Table 4,

Table 5 and Table 6.
Table 4. The Typicagw@ nlcal Prs$e ties of 5052 Aluminum Alloy
Tensile Strength Yield Streng ardness . .
(25°CMPa) (2@%) \@g F ¢10mm Thickness 1.6mm(1/16in)
173-244 N \\ 70 ﬁ 60 10

v
Tat@The TR@ Physical Properties of 5052 Aluminum Alloy

Coﬁzm\a,:ty ’\% Electrical conductivity Resistivity Density ,
(o] OO, (o] (o]
W/(m.K) 0 20°C(68°F)%IACS 20°CnQ.m (20°0)(g/cm®)
N
117 570-640 35 49.3 2.68
|

v

2 Table 6. The Chemical Composition Limit of 5052 Aluminum Alloy

Fe Cu Mn Mg Cr Zn Si

0.40 0.10 0.10 2.2-2.8 0.15-0.35 0.10 0.25
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3.2. Crafts

Different materials have different processing technology. The processing of PC plastic
material, which is uesed by the outside of multi-functional shoe cabinet is simpler.It can
use injection molding process, and as is shown in Figure 5. The first step of injection
molding is adding the granular or powdery raw materials to the hopper of the injection
molding machine, and then the material is heated and melted into fluid. Driven by the
screw or the piston of the injection machine, the liquid material is injected into the mold
cavity through the nozzle and mold casting system, and eventually hardened and shaped
in the mold cavity !,

e Mold closing device:««««««««-«--. G Injection device:««««««wwwrmmermeiiiiiinn i
Mold emptier ;
el
O (e Te
ol
L =
: C—[L' . [ ? ; S :
{,...Orthogonal connectingpiece  Drawbar ’ ........... \/ ......................... Motor ;
Figure 5. Injection™oldin
The inside holder of multi functlonal cablnet %ﬁs 5052 aluminum alloy.

Cutting aluminum alloy material acco the product, the curved surface
can be processed by rolling or ext essing the finished product, the
t is carrl

surface treatment of the finishe PTC heating element sections are
directly processed in accordanc pp;o de5|gn drawings, and assembly to meet
the structure requnements and“fihally V%\I e finished products®.

4. Colour Design

Color is a kindgkCampreh enomenon involving light, object and vision. Color
is the result g ght effects uman vision and brain. The color of the product plays
a very imy ct design. When people feel the product, color will be
noticed firs nd the& ape of the object and other factors will be. The charm of

I

color plays an imp e, affecting people's spiritual feeling!™. Only if the color fits
people's life styl esthetic taste can it make people feel comfortable and beautiful.
Each color ha own characteristics, the relationship of commonly used color and

psycholog@ee ings are shown in table 71,

f\O Table 7. Relationship between Color and Mental Perception

Psychological feeling
Red gives people a warm, happy feeling, a symbol of enthusiasm, sexy, authority, confidence

yellow Yellow is the color of extremely lightness, has the effect of warning

green Green gives a fresh, peaceful feeling, used to show growth, life, safety

Black gives a noble, stable, scientific and technological image, said the weight, hard, male,

blur industrial information

black !3Iack givgs a noblg, stable, scientific and technological image, said the weight, hard, male,
industrial information

white White gives a pure, noble feeling, people used to say that clean, cold and other information

gray Gray with a soft, elegant image, gray is always the main color of the popular
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Different colors give people different psychological feelings. Multi-functional shoe cabinet applies
clean and noble white color as the main tone. Effect as shown in Figure 6.

47

Figure 6. Different Colors of Share Refrigerator

\/’
5. Man-Machine Relationship QE

Ergonomics is a young science, using physiology, psycm%yand nd other

relevant scientific knowledge, and researching the relation achine and human,
in order to improve the overall system efficiency
life, each of us are contacting constantly with S|de‘ ese items, things
and people produce a kind of interactive relatlon WhICh | n as man-machine
relationship. When a person is in a certain en%ument,,th@an -machine relationship is
the relationship between man and the enylrm

The man-machine system of new s net is Iy composed of man and shoe
cabinet. But this the shoe cabinet is Iy u @ people stand and bow over, so
the design of multi-functional sho@net shoul itable for the operator's height, the

height of shoe cabinet depen hethep=the oOperator’s finger can touch the shoe
cabinet when bending . It is |gh tooT Il cause shoulder fatigue, back pain. The
operator in the stand andJagnd over of man-machine relationship is shown in
Figure 7. d@
. li\\Q \ * Paszgg?::ea Ji_ 1784-2270mm
. \‘ 580mm 1170-1580mm 614-690mm
_____ Woring/living area

The second s@ction J--=-— -
(Must raise the hari@ys

Sideline of
I wall & obstruction

—_———

The first section
(Be taken only When standin§

Figure 7. Man-Machine Relationship of People Operating

Multi-functional shoe cabinet fully consider the ergonomics factors in the design,
elegant fashion design, lines full of vitality, reasonable man-machine relationship to meet
the people's practical and aesthetic requirements. Multi-functional shoe cabinet’s
appearance design meets user's use, the size is suit to people using normal requirements,
the size as shown in Figure 8.The final result of multi-functional shoe cabinet is shown as
Figure 9.
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Figure 8. Sizes of Multi- Functional Figure 9. Final Result Picture of
Shoe Cabinet Product

5. Conclusion \/’

The innovative design of multi-functional shoe cabinet discards the tradl | e of
conventional design and introduce the sterilization, disinfection and dryi |d nto the
design. What's more, it no longer adheres to the S|mple functi nges the

sole and old function of existing shoe cabinets in the ho cal S integration
has been greatly improved, which is also the deyelQPpme t trand odern products.

2 is designed in a
combination of organic and flat surfaces. This_ makes the mult ctional shoe cabinet
look more vivid and beautiful. Multi-function@ve cabin ainly designed to satisfy
people's requirements of shoes storage, dis on and dryifig. Meanwhile, it is aimed at
making users feel comfortable and ple dal The innovative design of multi-
functional shoe cabinet is not onl ng t cal problems such as materials
choices, component matching r@bcessmg te logy, but also saving problems of
industrial design discipline\ll&h duct rance, color matching and ergonomics
principle. The multi-functiona akes users store shoes as well as enjoy
better life, and it also proyifes a new I\{%e for the future people.
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