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Abstract

The conceptual design of shared refrigerator is mainly from the humanizatlow
the problem that different smells that made by different foods stored together, can

effectively avoid the unreasonable use of the refrigerator space. In r gerator
design, the practical problems encountered in the using pr es§ are f dered and
analyzed, and the humanized design concept is wide This I ocusmg on
people's needs in their daily lives, taking full ac;&' rel nshlp between
structure and function of the refrigerator, is out inpovative design and
research of shared refrigerator in terms of fun , stru w terials, process and
man-machine relationship, etc. This artlcle forwa ew refrigerator—design-
concept to make people feel the beauty, .h s and" &gﬂence of life brought by the

design.
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1. Introduction
With the develop,m @smenc \@technology, and the improvement of living

standards, people’ ments on th€ design have been increased. More attention has
been paid to the S~%yof h tlon design. The practicability and suitability of the
products hasmgly @ an important indicator of product evaluation, and
humanizatio % ign ecome the center of product-design-thinking. Shared
refrigerator is based on oncept and it is designed for people living in public space.
Under the condition people have different lifestyles when using refrigerators, it
provides differen iViduals with separate space. Modular structure design allows many
people to share frigerator resources, which can maximize the equal treatment of each
member a rove everyone’s using method and environment.

Share gerator is mainly based on the design concept and trends of modern
refri geatyr, focusing on the need of users, considering the emotional experience of
als by modular design. The structure of the refrigerator not only meets the
acteristics of existing products, such as environmental protection, energy saving, low
cost, and high capacity, but also focuses on considering the using process and behavior of
multiple users. Applying a modular method to the design of refrigerator structure can
satisfy the purpose of the common use of multiple people. The layout of the storage space
is designed reasonably and the shape of the product is in line with tastes of modern life,
which creates a harmonious and comfortable living space for people.

The innovative design of shared refrigerator embodies in the following aspects.
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2. Function and Structure

2.1. Function Principle

The refrigeration compressor of single system refrigerator constantly sucks the
refrigerant vapor in the evaporator, and compresses it into high-pressure, high-
temperature steam to the condenser. Refrigerant vapor is condensed into liquid because it
gives off heat in the condenser. Liquid refrigerant passes through the filter drier to remove
the impurities and moisture of the refrigerant. The refrigerant is changed from high
pressure to low pressure in the capillary tube of throttling element, and small amounts of
liquefied refrigerant appear. When the refrigerant leaving the capillary throttling element,
becomes a gas-liquid two phase mixed state, and then enters the evaporator. The
refrigerant in the evaporator boils and evaporates, changing from the liquid int Mus
ggperature
e, The

state by absorbing heat from the cooled object. Then low-pressure, high-t
refrigerant vapor is sucked and compressed by the compressor into the next

working principle of the refrigerator is as shown in Figu% o @
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Q'%gureé)mmg Principle of the Refrigerator
In the refrigeratio m, evaporator, condenser, compressor and throttle valve are
the essential four . The evaporator is cold delivery device. Among these the
refrigerant reali;@! cooling effect by absorbing the heat. The compressor is the core
that plays , yole%f sucking into the compressing and transporting refrigerant vapor.
Condenser heat-release device that transfers the heat absorbed in the evaporator
togethe \@ the heat transformed from the work of compressor to the cooling medium
a @ch achieves refrigeration.
%ﬂweter comparison of different types of air compressors which is the most
important component commonly used in the refrigerator is as shown in Table 1.

Table 1. Performance Parameters of Different Air Compressor

Model Input\;c);wer ( Refrlgerf(;\\t/l\;l)g capacity Curre)nt (A Refrigerant Powe;r v
QD25 80 68 0.65 R12 220V-50Hz
QD55 125 132 1 R12 220V-50Hz
QD75 162 176 1.2 R12 220V-50Hz
QD180 380 440 2.8 R12 220V-50Hz
QD210 435 510 3.1 R12 220V-50Hz
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In tablel, refrigerant R12 refers to Freon 12.
Freon is a colorless, odorless, transparent, and almost nontoxic refrigerant.
Chemical properties:

1. Toxicity: low toxicity or nontoxic, such as R12 is low toxicity which can be
considered as almost nontoxic compound. The more of the number of chlorine atoms,
the more of the toxicity; the more of the number of fluorine atom, the less of the
toxicity.

2. Flammability: the reduction of hydrogen atoms number in molecules results in the
decrease of flammability and the increase of chemical stability.

3. Stability: the increase of hydrogen, chlorine and fluorine atoms number enhances the
chemical stability of the working fluid. Chlorine atoms increases, mcreailng the

longevity of the working fluid in the atmosphere, the ability to destroy t ne
layer strengthened!?.
The commonly used Freon parameters are as shown in Table 2 6
Table 2. Parameters of Com se Fr
Model Chemical | Boiling point ( | Freezing poift A%&t'lcal mpe Critical pressure
name T) QD) (MPa)
R11 CCIsF 23.82 —}@' ° 1 .0 441
R12 I,F -29.7 112. 4.11

X

28.9 3.87

R13 CCIF; -81.40 A <Z)‘\ —lSli\\

R21 CCLF 8. 92N . 135 e 1785 5.17

R22 CHCIF, %&%0 96.0 4.97
A 4
R12 is the wi emperature refrigerant that is suitable for small and
medium- 5|z I ratlon sys S, such as refrigerators, freezers, etc.
The shar igera ses on the food that needs to keep frozen and refrigerated
for storage and preser . Through the full consideration for the needs of individual

space that can b used in a unified structure, which meets the different requirements

and the modular st G@oe combined design, the shared refrigerator provides independent
of different i dié ;%als and truly realizes the refrigeration function of a personalized
shared ref@lﬁr

tiucture

ture design is the main point of the design, and only when the structure design is
reasonable will the exterior designs be more modern. Therefore, structure design not only
reflects various parts of the design, but also is the key to fully realize the product function.
Modular design method is applied in the structure design of the product.To take a four-
person-dormitory as the target environment, this design is based on the arrangement and
combination of regular planar graphs, and also considers the modern sense and the
fashion of the visual appearance of every independent space, so that the three-dimensional
structure plays a supporting role in the function. The position of the compressor is placed
in the bottom of the refrigerator, which considers the stability and facilitates the heat
dissipation. The panel is a touch screen that can save space and is convenient to operate.
The design of Panel combines technology and fashion, increasing the quality of products
better. The beverage bottle separators are made of a relatively lightweight structure, and
the structure above and below can just fix the beverage bottle, as shown in Figure 2.
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The design of the handle is simple but not easy. It is consistent with the style of the
refrigerator door, as shown in Figure 3.

g

Figure 2. Beverage Bottle Barrier Figure 3. Design of U@E ndle

Design o
Separate storage structure is the focus of design, %I g @rﬁm to have an

independent space, as shown in Figure 4.

The compressor is located in the lowest level @ ed re w , which reflects the
consideration of the reasonable space setting, _the™est wo'& ffect, and the organic
combination with the whole product, as showrnmFigure 5
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Figure 5. Position of the
Compressor

3. Materi{@'ﬁchnology

3.1. MQQ

@c ange of refrigerator structure is few while the selection of material has a large
impdet on its performance and cost. Usually in the design there are a variety of materials
that can meet the requirements. It requires structural designers to have a clear
understanding of the performance and cost of candidate materials. To use high-end
materials in high-end products and low-end materials in low-end products, the materials
selected needs to be as cheap and high quality as possible, which should meet the quality
requirements of the product and to avoid the excess of quality. In the actual design
process, experienced structural designers often choose materials based on their experience
or the recommendation of mold manufacturers in order to save the time and reduce the
risk of design®®.ABS is commonly and widely used in producing refrigerators due to its
good mechanical properties, and it can be used for some components whose using
requirements are general while appearance requirements are high, such as the inner liner
of refrigerator, the upper plate, the positioning plate and so on. Designers also need to use
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different types of materials according to the special requirements (high temperature, flame
retardant).

1.The shell material of shared refrigerator is mainly engineering plastics ABS. ABS is
a copolymer of styrene, butadiene and propylene sunny. The reason choosing ABS is that
it has high strength, light weight, large surface strength, smooth and easy-cleaning surface,
dimensional stability and good creep resistance. ABS plastic can be plated, which not
only can make the surface of plastics products have metallic luster and beauty, and
significantly improve the wear resistance and surface strength, but also enable the
products to be resistant to moisture and solvent erosion, which can improve the service
life and the commodity value of the products!®.

(DMechanical properties of ABS plastic
Plastic ABS has excellent mechanical properties and impact strength. It ca d at
Eeﬁ

very low temperatures. Plastic ABS has excellent abrasion resistance, go sional
stability and oil resistance which can be used for bearlngs under medlu and low
speed. The technical parameters of ABS plastic is as sh Table
Table 3.Technical Paraw AB w
. . Melting Decomposition ng Drying Drying
De/n5|t3y) ( Pr’cilp;ortgc;n ( point temperature (°C4 rmkage Atem ature temperature time
giem em C) ) o (NY rate®, foy O (§) (H
1.10 1.05 170 269\\\-/ 119 ‘y' 200-240 80-90 2

@Thermal Properties of ABS p@g %
The heat distortion tempe gtl Is 93 ~ 118°C, and the temperature of

products can also be mcreaét)j by about 1 fter annealing treatment. ABS can be used
within a temperature ra‘$ 40 ~ 1, ut at -40 ‘C it still can show some toughness.
(®Electrical pro ﬁs of AB

ﬁs& SA%stic
The elect"!ﬂ%ation oﬁ@ i8 good. ABS is almost not influenced by temperature,
C

humidity an guency, ar@an be used in most environments.
2.The material of t e%er structure of refrigerator is mainly GPPS.

GPPS is a kin
is a general pur

orless, odorless, tasteless, shiny and transparent particles, which
olystyrene. GPPS has light weight, low price, Iow water absorption,
great colo imensional stability, good electrical performance!®. Its products are
transparer&& easy to process. The performance parameters are shown in Table 4.

Q Table 4. Technical Parameters of GPPS Plastic
Glass transition Density of Crystal Melting s Coefficient of
. Resistivity thermal
temperature amorphous density temperature N ductivi
(°C) (glem®) (glem®) °C) (2>m) conductivity
C W/m*k)
80-90 1.04-1.06 1.11-1.12 240 1020-1022 0.116

GPPS can be dissolved in aromatic hydrocarbons, chlorinated hydrocarbons, aliphatic
ketones and esters but only swelling in acetone. It is resistant to some mineral oils,
organic acids, alkali, salt, and lower alcohol. Its water absorption is low, so it can still
maintain its mechanical properties and dimensional stability in the wet environment.
Electric performance of GPPS is excellent. Its volume resistance and surface resistance
are very high, and it is neither affected by the changes of temperature and humidity, nor
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the impact of corona discharge. In addition to it, the radiation resistant performance of
GPPS is also very good.

The main drawback of GPPS is brittle and easy to crack, low impact strength, poor heat
resistance. GPPS cannot be used in boiling water. It can only be used at low temperature
and low load.

3.2 Crafts

The outer surface of shared refrigerator is relatively simple. The molding process of it
is injection molding as shown in Figure 6. The first step of injection molding is adding the
granular or powdery raw materials to the hopper of the injection molding machine, 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 tﬁg%))ﬂe
and mold casting system, and eventually hardened and shaped in the mold caviw

&% @ Hydraulic-pressure Tank

Sum Mold System 1
igure 6,1 ion Molding

The shared refriger eds t@ough several injection molding because it
a e injeciio Id has parting surface. The shape of the parting
ic

consists of several pants:
surface is divided j flat sur and the position of the parting surface is selected at

the maximu of theﬁ@ part. Plastic parts need to remain in the side of the
movable die h is congcive to the smooth release of plastic parts. The dimensional
accuracy and sUrface g f plastic parts are ensured by the choice of parting surface
which is not only ¢ e to mold processing and exhaust, but also in line with the

design principle !
4, Coloufs%;ﬁ

th e see the product, color is the first thing that draws their attentions ,then the
sh e product and other factors. The charm of color is vital which affects people's
fé% of spirit. Only when color conforms to people's life style and aesthetic taste,
people would feel comfortable. Each color has its own characteristics, Such as the color
of high Chroma and high brightness often give a high sense of gorgeous while the color of
low Chroma and low brightness often give a simple sense.

The color appearance of products, not only has aesthetic and decorative characters, but
also has symbolic meanings. As the core of visual aesthetics, color has profound impact
on people” s visual perception and emotional state. The feeling of people on color is the
most intense and direct, and the impression is the most profound. Color of products comes
from the human visual perception and physical stimulation, and a wealth of experience
association and physical association, thereby people have complex psychological reaction
to color. Different colors give people a different psychological feeling™®. The relationship
between color and feeling is as shown in Table 5.
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Table 5. Relationship between Color and Psychology

Colour Psychological feelings
Red Enthusiasm, Happy, Sexy, Authority, Confidence
Yellow High brightness, Warning
Green Fresh, Peace, Growth, Life, Safety
Blue Calm, Broad, Eternal, Distant, Quiet, Refreshing, Sad
Purple Elegant, Noble, History, Abstract, Wisdom, Indifference L e
Black Noble, Steady, Technology, Heavy, Hard, Male, Industrial |nfor y
White Pure, Noble, Clean,l(@ld. A Qy
Grey Soft, Elegant, lal

- AN
The design of share refrigerator choose blue ain %}Yﬁh represents calm

and elegant. The share refrigerator’ s dlffererl&o rs are shownyas Figure 7.

O

S
igur%@ifferent Colors of Share Refrigerator
5. Man-Machi elationship
During ife, every one connects with the objects around all the time. When people
use these ts, an interactive relationship occurs between people and objects, which is

ers to the machine people often say, but also refers to a variety of tools,

nts, equipment, facilities, furniture, transport and labor protection appliances.

When people are in a particular environment, this time, the man-machine relationship is

the relationship between man and the environment[gl. The man-machine relationship when
people stand operating the machine is shown in Figure 8.

cal!; achlne relationship. The “machine” in the man-machine relationship not
instrime
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Stand in Operatm

From the physical and psychological point e a certain height,
proportion and psychological characteristics, des1gn shou low people’s physical,
psychological dimension. In terms of psy cal fac eople and objects always
have a relationship in a certain space- tlrﬁ cific tim space will make people have
different emotional effect. Approprlat spa glve people a sense of security. If
the scale of space exceeds the eld people will feel lonely and
insecure due to lack of rellan omics r s that product design should meet the
physical and psychologlcal irements %people and enable people to control the

machine comfortably and effectively. \Q
5. Conclusion \Q N

The main emphasis’of sh %qerators is the innovation on the function, shape and
structure of product. Designing a new type of refrigerator with diverse functions can
provide a reasonable a venient product for people’s daily life, and bring people
convenience and Joy people use it. In this design, not only the material selection,
part mating, proce nd other technical issue need to be solved, but also the product
appearance, col ching, ergonomic theory and other industrial design problems. This
new share rigefator can provide consumers a new, comfortable lifestyle because of the
research t%k above.
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