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Driven by the slogan of “Fitness for All”, more and more people are participating in sports, which also promotes the popularity of
the sports equipment market, of which badminton rackets are an important part. With the improvement of people’s economic
level, there are higher requirements for the materials of various sports equipment. It is expected that badminton rackets will
not only be light, but also bearable, and the electroplated carbon in carbon fiber composites has such properties. Therefore, the
purpose of this paper is to study the preparation of badminton rackets by electroplating carbon with carbon fiber composite
materials and to study its performance. In this paper, the properties of carbon fiber composites are tested and analyzed, and
the relevant chemical formulas are used to explain them. The experimental results of this paper show that after using the same
pressure to conduct experiments on wooden, iron, steel, steel-aluminum, carbon-aluminum, and carbon bats, it is found that
the bearing capacity of wooden bats is only 28%, the damage degree of badminton racket is 54%, while the bearing capacity of
carbon racket is 89%, and the damage degree of badminton racket is 12%. This fully shows that the badminton racket made of
electroplated carbon material not only has a much higher bearing capacity than badminton rackets of other materials, but also
has a much lower damage degree than badminton rackets of other materials. Therefore, badminton rackets made of
electroplated carbon are more durable and more popular.

1. Introduction

The demand for high-performance composite materials,
especially in the fields of defense, military, and aerospace,
has contributed to the rapid development of science and
technology. Carbon fiber composite material is one of the
most widely used composite materials, and the properties
of carbon fiber directly determine the properties of the com-
posite material. Scientific researchers in various countries
have conducted many studies on the composition and struc-
ture of carbon fibers and their properties. Since the begin-
ning of the twenty-first century, the properties of carbon
fibers have been continuously optimized and improved,
and the research on the manufacturing process of composite
materials has also deepened, striving to make composite
materials more efficient and simpler to manufacture.

A further study of carbon fiber materials is the study of
their composite materials. In the molding process of carbon

fiber composite materials, including hand molding and
stretching. The resin conveying molding process is to per-
form the reinforcement material into a closed shape and
solidify it under vacuum and pressure conditions. This pro-
cess is simple and convenient and is widely used. In the aero-
space field, in addition to the excellent properties of the
composite material itself, it is also found that the carbon
fiber composite material containing some shape memory
effect maintains the shape memory ability.

The innovations of this paper are as follows: (1) This
paper introduces the theoretical knowledge of carbon fiber
composite materials and electroplated carbon and uses car-
bon fiber composite material and electroplated carbon to
analyze how carbon fiber composite material and electro-
plated carbon play a role in the preparation and perfor-
mance research of badminton racket. (2) This paper
expounds the properties of carbon fiber materials and elec-
troplated carbon. It is found through experiments that the
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badminton rackets made of carbon fiber materials and elec-
troplated carbon are of better quality and more popular.

2. Related Work

With the increasing emphasis on sports in China, the
number of people participating in sports is also increasing
rapidly. Mizuno found that people developed fully auto-
matic badminton robots that could catch and serve in
the same environment as a human badminton player. In
the system he invented, the robot could automatically
move to where the shuttlecock would fall and hit it back
with a normal badminton racket. Mizuno gave a general
introduction to a fully automatic badminton robot, but
did not describe it with a practical example [1]. Park
believes that shoulder and elbow injuries account for a
considerable proportion of injuries in badminton. Because
badminton requires repetitive, high-velocity overhead
movements that place high loads on the upper body joints,
badminton players often experience shoulder and elbow
pain and decreased function. His research is mainly to
evaluate the abnormality of the shoulder and elbow ten-
don in badminton players and to explore its correlation
with clinical symptoms. Forty-nine badminton players par-
ticipating in the leisure badminton club were invited to the
sports training center for experiments. Park only intro-
duced the object of the experiment, and did not explain
the process of the whole experiment, resulting in no corre-
sponding conclusions [2]. Duncan’s study examines the
impact of changes in physical and psychological arousal
on badminton short serve performance in competitive
and practice environments. He experimented with 20 bad-
minton players (10 males and 10 females), with short
serve measured at rest, midway, and end of a
badminton-specific training program. The results showed
that the performance of the short serve in practice was
significantly better compared to the game, while the per-
formance of the short serve in the real game was not very
good. This is because in the real game, the athlete will
have anxiety and tension, which will affect the perfor-
mance. Although he conducted experiments on 20 athletes
and analyzed the results of the experiments, there was no
solution to the experimental results [3]. Minkai found that
despite the well-known importance of badminton in
sports, badminton is poorly defined and lacks research.
In contrast to general training typically used to improve
a badminton player’s on-court agility, Reactive Initiation
Training (RIT) challenges perceived speed, requiring only
quick steps in the direction of the shuttlecock. His
research explores comparing the speed of body reflexes
to reaction initiation exercises to determine whether these
exercises are effective in improving on-court agility. 20
badminton novices were divided into two halves and
received physical reaction speed and reaction initiation
training on the court. Before and after training, they took
on-court agility tests with pre-judgment and without pre-
judgment. The results showed that both training methods
reduced the average running time, but only the reaction
initiation training additionally reduced initiation time

and its proportion in those time-consuming positions.
He designed and practiced the process of the whole exper-
iment, but there is no specific experimental data to prove
the authenticity of the experiment [4]. Yuan found that
the loading of gold nanoparticles (AuNPs) onto environ-
mentally sensitive polymer microgels is increasingly used
to tune their optical properties and catalytic activities.
Here, he synthesized composite polymer microgels with a
core-shell structure and controllably loaded AuNPs onto
the network chains of the polymer microgels. The results
show that the prepared AuNPs composites have good
pH sensitivity; thus, the electromagnetic coupling between
AuNPs can be regulated by polymer microgels under var-
ious acidic conditions. But he did not explain in detail
why this study was done [5]. Akhtar discovered that cellu-
lose, a natural biopolymer commonly used as a support
agent, has enhanced applicability and properties. The cel-
lulose he isolated from the waste was used for silver nano-
particle (Ag-NPs) impregnation by a simple and
reproducible method. Cellulose (Ag-Cel) prepared from
Ag-NPs was characterized by powder X-ray diffraction,
Fortier transform infrared spectroscopy, and scanning
electron microscopy. Its thermal stability was investigated
by thermogravimetric analysis. Although the scholar has
carried out detailed experiments, no corresponding conclu-
sions have been drawn [6].

3. Test Method of Carbon Fiber Composite
Material Electroplating Carbon Performance

3.1. Application of Carbon Fiber Composite Materials. In car-
bon fiber composites, if the carbon fibers in the matrix are
stretched along the fibers, the strain capacity of all fibers is
the same, and some fibers will not affect the effect of other
fibers after failure [7]. The broken fibers did not play a role,
but the other fibers played their part as usual. According to
this characteristic, if the material is damaged, especially in
the use of sports equipment, it will not cause serious perfor-
mance degradation. According to this characteristic, the per-
sonal safety of the athlete can be ensured [8].

Badminton is a sport suitable for all ages. In sports, the
hardness and durability of badminton rackets have a great
influence on the sports performance [9]. For example, some
sub-rackets are prone to breakage, which can affect an ath-
lete’s level. The structure diagram of the badminton racket
made of electroplated carbon material is shown in Figure 1.

As shown in Figure 1, with the development of science
and technology, electroplated carbon badminton rackets
have appeared in the sporting goods market. Carbon fiber
has the characteristics of high hardness and toughness. In
specific applications, carbon fiber and other substances are
usually combined to form carbon fiber composite materials
[10]. At the same time, the electroplated carbon should have
excellent mechanical properties after curing, and in addition,
it should have good fluidity, which is convenient for curing
and molding. The application fields of carbon fiber compos-
ite materials are shown in Figure 2.

As shown in Figure 2, in the structure of carbon fiber
composites, fiber reinforcement takes on the heavy
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responsibility of the mechanical properties of the compos-
ites. The electroplated carbon is responsible for the task of
fixing and strengthening and protects the carbon fiber from
damage from the external environment. Therefore, the elec-
troplated carbon and carbon fiber reinforcement of compos-
ite materials need to have excellent wettability and adhesion
[11]. The good performance of carbon fiber self-recovery
after deformation is shown in Figure 3.

As shown in Figure 3, the performance of the composite
material depends on the ratio of reinforcement to matrix
and the performance of the individual components. The
general reinforcing materials are carbon fibers, glass fibers,
plastic fibers, etc. In addition to metals, ceramics, and other
materials, the matrix is mainly a resin material. Reinforcing
materials can increase material strength and improve
mechanical properties [12].

3.2. Characteristic Analysis of Electroplated Carbon in
Carbon Fiber Composites. In the process of glass transition
of electroplated carbon, the mechanical properties of the

resin will be quite different before and after. As the ambient
temperature gradually increased, the free volume of the elec-
troplated carbon molecules began to expand. When the tem-
perature reaches the glass transition temperature, the free
volume of the electroplated carbon molecules is sufficient,
so the configuration of the electroplated carbon molecules
is fully changed and adjusted, and the movement of the
molecular chain is very active [13]. The analysis of electro-
plated carbon with different formulations is shown in
Figure 4.

As shown in Figure 4, because the #20 formula has too
little electroplating carbon, the performance in the DMA test
is not ideal. Therefore, in the DSC test, it is no longer neces-
sary to test the #20 type electroplated carbon, and only the
DSC test of the #40, #60, and #80 samples is required. The
three proportioned samples were scanned at different con-
stant heating rates, and the apparent activation energy Ea
was calculated according to the Kissinger formula; apparent
activation energy can give a clearer physical meaning to ele-
mentary reactions, that is, the difference between the average
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Figure 1: Electroplated carbon badminton racket.

Biomaterials

Auto 
industry

Sports 
products

Petrochemical
industry

Bicycle
industry

Figure 2: Application areas of carbon fiber composites.

3Journal of Nanomaterials



energy of the activated molecule and the average energy of
all molecules [14], as shown as follows:

‐ Ea

R
= dIn Φ/T2

P

� �
d 1/TPð Þ , ð1Þ

where Φ represents the temperature rise rate, TP repre-
sents the peak temperature, Ea represents the activation
energy, and R represents the molar gas constant. According
to the Kissinger method, when using the Kissinger method
to determine the activation energy of crystallization of amor-
phous materials, it should be ensured that the crystallization
fractions corresponding to the selected temperature are not
very different; otherwise, large errors will be introduced,
and the kinetic formula can be approximated as

H = A ⋅ exp −Ea/RTð Þ ð2Þ

Among them, the pre-entropy factor A is

A = ΦEa exp Ea/RTPð Þ
RT2

P

ð3Þ

The corresponding peaks of the three exothermic peaks
in the DSC scan at different heating rates are shown in
Table 1.

As shown in Table 1, the second exothermic peak disap-
peared when the temperature increased. Because the reac-
tion rate was too fast, the reaction was not sensitive
enough to temperature, so it was incorporated into the third
peak, which was used to test the viscosity of electroplated
carbon as a function of temperature using the temperature
ramp mode of rotational rheology. The time-sweep mode
was used to test the relationship between the viscosity and
time of electroplated carbon at a constant temperature
[15]. The kinetic parameters of the curing reaction are
shown in Table 2.

It can be seen from Table 2 that solidification is a Chi-
nese word, which chemically refers to the process of trans-
forming substances from low molecules to high molecules,
and also refers to the process of forming certain fixed views
and viewpoints on things [16]. When the specific gravity of
electroplating carbon increases, both Ea and A of the curing
reaction of the system will increase. This is because the
energy required for the electroplating carbon homopolymer-
ization reaction is larger than the other two curing reactions
[17]. With the increase of carbon content in electroplating,
the difference between #60 and #80 is an order of magnitude
from #40, while the difference between #60 and #80 is not
obvious, indicating that the addition of electroplating carbon
can prolong the service life of the mixed resin [18]. Electro-
plating carbon under different vision is shown in Figure 5.

As shown in Figure 5, the ability of a metallic material to
resist permanent deformation or fracture under static load,
and it can also be defined as proportional limit, yield
strength, breaking strength, or ultimate strength. In order
to ensure the full progress of the curing reaction, the curing
temperature needs to be higher than the glass transition
temperature, which can ensure good mechanical properties
and curing degree of the electroplated carbon after cur-
ing [19].

3.3. Density Test. In this paper, the method of electroplating
is used to electroplate the carbon fiber with nickel, and the
metallization modification is carried out. The effect of nickel
on the wettability of the carbon fiber interface was investi-
gated by observing the high temperature spheroidization of
the copper plating layer during the heat treatment process.
By testing the thermal shock resistance of the carbon fiber
composite wire, the bonding force between the carbon fiber
and the copper coating was studied [20].

Archimedes’ principle generally refers to Archimedes’
law. An important principle of hydrostatics, which states
that an object immersed in a stationary fluid, experiences a
buoyant force equal to the weight of the fluid displaced by
the object, directed vertically upward and through the cen-
troid of the displaced fluid [21]. The actual density of carbon
fiber copper composites is measured using Archimedes’
principle:

F = pgv ð4Þ

p represents the density of distilled water and g repre-
sents the volume of distilled water displaced by immersion
of the composite in distilled water. The volume V of the
composite material at this time is

V = m1 −m2
p

ð5Þ

Then, the density p of the composite material is

p = m1p
m1 −m2

ð6Þ
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Figure 3: Good performance of carbon fiber self-recovery after
deformation.
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Then, the density pr of the composite material is

pr =
p1
p2

ð7Þ

Among them, p1 is the actual density of the composite
material, and p2 is the theoretical density of the composite
material.

3.4. Test of Thermal Conductivity. Raman spectroscopy is a
type of scattering spectroscopy. Raman spectroscopy is an
analysis method of Raman scattering effect, which analyzes
the scattering spectrum with different frequencies from the

incident light to obtain information on molecular vibration
and rotation, and is applied to the study of molecular struc-
ture. Raman spectroscopy is an important means to study
the structure of carbon materials, which reflects the changes
in the structure of carbon materials from the perspective of
chemical structure [22]. The thermal conductivity K is mea-
sured by a laser thermal conductivity meter, and the thermal
conductivity calculation formula is

K = α ⋅ ρ ⋅ Cρ ð8Þ

where K is the thermal conductivity, α is the thermal dif-
fusivity, ρ is the density, and Cρ is the specific heat capacity.

In recent decades, many outstanding research results
have emerged in China in the field of materials, among
which carbon fiber composite materials have been widely
used in modules ranging from module shells and cabinets
to aircraft fuselages [23]. However, how to objectively and
quantitatively evaluate the electromagnetic pulse protection
performance of this new type of composite material, such
as the radio frequency impedance characteristics of the com-
posite material, the electrical conductivity of the composite
material under the action of a magnetic field, and the imped-
ance characteristic of the composite material under the
action of lightning pulse, it involves multidisciplinary
knowledge such as mechanical structure, electromagnetic
field propagation, instrument measurement, and materials.
At present, there are not many people engaged in research
in this field in China, which restricts the development and
improvement of new materials [24].

3.5. Nickel Electroplating and Electroplating Carbon on
Carbon Fiber Surface. The pretreated carbon fibers are elec-
troplated with nickel. The carbon fiber content in the plating
solution was kept at about 0.2 g/L, and the short carbon
fibers were put into the nickel plating solution for ultrasonic

40 80 120 160 200 240 300 340

0
500

1000

1500

2000

2500

3000

3500

Temperature (c)

M
od

ul
us

 (m
pn

)

#20
#40

#60
#80

(a) Storage modulus

40 80 120 160 200 240 300 340

0

500

100

150

200

250

300

350

Temperature (c)

Lo
ss

 m
od

ul
us

 (m
pn

)

#20
#40

#60
#80

(b) Loss modulus

Figure 4: Electroplated carbon with different formulations.

Table 1: Corresponding peak temperature (Tp) of exothermic peak
of electroplated carbon curing system at different heating rates.

System
Heating rate (K/

min)
TP1 Kð Þ TP2 Kð Þ TP3 Kð Þ TP4 Kð Þ

#40
6 420.4 457.0 470.3 486.9

12 453.0 462.1 483.2 489.0

#60
6 431.7 460.9 498.5 505.6

12 458.9 465.6 480.3 489.3

#80
6 439.6 462.5 492.4 499.5

12 460.8 470.1 498.8 505.8

Table 2: Curing reaction kinetic parameters.

System Ea(kJ/Mol) A(min-1) H25(min-1)

#40 62.5 3:43 × 107 4:75 × 10‐6

#60 73.2 4:65 × 108 5:46 × 10‐7

#80 81.6 1:96 × 109 1:63 × 10‐7
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stirring. When the short carbon fibers are all settled on the
bottom cathode copper plate, the power is turned on, and
the thickness of the nickel layer is controlled by the electro-
plating time. The reaction that occurs at cathode Ni during
nickel plating is

Ni2+ + 2e =Ni ð9Þ

The main reaction that occurs at anode Ni2+ is

Ni‐2e =Ni2+ ð10Þ

If the anode current density is too large, anode passiv-
ation is likely to occur, accompanied by the progress of the
side reaction O2↑ as

2H2O − 4e =O2↑+4H+ ð11Þ

Therefore, in the process of electroplating, the current
density is strictly controlled to ensure the quality of the
coating.

The nickel-plated carbon fibers were repeatedly ultra-
sonically cleaned with distilled water, and then copper-
plated. The carbon fiber content in the plating solution was
maintained at about 0.4 g/L. When the nickel-plated carbon
fibers were ultrasonically stirred in the solution, the power
was turned on. The temperature of the plating solution was
40 °C and the current density was 2.5 A/dm. The reaction
that occurs at cathode Cu during copper plating is

Cu2+ + 2e = Cu ð12Þ

The main reaction that occurs at anode Cu2+ is

Cu‐2e = Cu2+ ð13Þ

In the process of copper plating, it is still necessary to
control the current density. Excessive current density will
also be accompanied by side reactions.

The electroplated copper-plated and nickel-plated cop-
per carbon fibers were taken out, repeatedly washed with
distilled water for 3 times, then filtered and cleaned with
anhydrous alcohol on a suction filter, and finally placed in
a vacuum drying box for drying.

Since metal is easily oxidized in the air, it is inevitable
that some coatings will be oxidized to form oxides during
the cleaning and drying process of carbon fibers. The coating
of the oxide is relatively poor, which will affect the subse-
quent experiments, so the copper oxide must be reduced.
The carbon fiber is put into a vacuum tube furnace for
reduction, and the reaction that occurs is

H2 + CuO⟶H2O ð14Þ

Electroplating time is an important factor to control the
thickness of the coating, and the method of determining the
thickness of the carbon fiber surface layer by metallographic
method is difficult to implement. Therefore, this paper uses
the weighing method to estimate the average thickness of
the coating. The weighing method is the method recom-
mended by the International Organization for Standardiza-
tion. It is only suitable for gases that do not react between
components, components and the inner wall of the cylinder,
and condensable components that are completely gaseous
under experimental conditions. The calculation formula of
the average thickness of the coating is

Δr =
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 + ρcΔG

ρcNiG
− 1

s !
d ð15Þ

In the formula, ΔG is the weight gain rate of carbon fiber
before and after nickel electroplating; ρc and ρcNi are the
density of carbon fiber and nickel, respectively; and d is
the diameter of carbon fiber.

Many studies have shown that there are two main factors
that affect the thermal shock resistance of coatings. The first
is the difference between the thermal expansion coefficient
of the coating and the base material. The thermal expansion
coefficient of the metal copper coating is larger, while the
thermal expansion coefficient of the matrix carbon fiber is
smaller. Due to the difference in thermal expansion coeffi-
cient, thermal stress will be generated between carbon fiber
and copper during the cooling and heating cycle. The calcu-
lation formula of thermal stress is

σth =
Ef

1 − v
⋅ αr − αsð Þ ⋅ Ts − Trð Þ ð16Þ

Normal multiples of 
electroplated carbon

500 times of 
electroplated carbon

Figure 5: Electroplated carbon under different vision.
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In the formula, αr and αs are the thermal expansion coef-
ficients of the substrate and the coating, respectively, and Ts
and Tr are the temperatures of the coating and the substrate,
respectively. It can be seen from the formula that the smaller
the thermal expansion coefficient between materials, the
smaller the thermal stress will be. The greater the interfacial
bonding strength, the better the thermal shock resistance of
the coating.

Since carbon fiber is a carbon material, it has a lower the-
oretical specific capacity ae−. In general, researchers improve
the actual cycle LiaC of carbon fibers through surface
modification, biological preparation of carbon fibers, etc.,
so that it can approach the theoretical capacity to the
greatest extent:

aLi+ + C carbonf iberð Þ + ae− ↔ LiaC ð17Þ

4. Experiment and Analysis of Carbon Fiber
Composite Material Electroplating Carbon

4.1. Experiment and Analysis of the Properties of Carbon
Fiber Composites. In many sports, athletes hope that the
equipment can meet the characteristics of light weight and
high strength at the same time, while the density of carbon
fiber composite materials is only 1.76 to 1.80 g/cm3, and
the density of metal materials is several times that of carbon
materials. For example, steel has a density of 7.87 g/cm3 and
aluminum has a density of 2.7 g/cm3. These materials do not
meet certain special sports needs. The application of carbon
fiber composite materials in sports equipment is shown in
Figure 6.

As shown in Figure 6, therefore, the carbon material is
lightweight and high in strength and is very suitable for

use in sports equipment. Carbon materials are widely used
in some sports such as bicycles, sailboats, poles, golf, and
rackets. The physical properties of different reinforcing
materials and the comparison of badminton rackets made
of different materials are shown in Table 3 and Table 4.

As shown in Table 3, carbon materials have high fatigue
resistance compared with metals and are very suitable for
the manufacture of large rackets. As the competition in

Table 4: Comparison of badminton rackets made of different
materials.

Club type
Racket
quality/g

Handshake
quality/g

Shock
absorption

Standard metal 768 47.8 5.7

Light metal 589 47.8 4.9

Carbon fiber 342 47.8 7.8

Lightweight
carbon fiber

309 47.8 8.9

Figure 6: Application of carbon fiber composites in sports equipment.

Table 3: Physical properties of different reinforcement materials.

Reinforcing
material

Density/
g·cm-3

Tensile
strength/
GPa

Elastic
modulus/

GPa

Elongation/
%

Carbon fiber 1.69 3.47 232 1.48

Glass fiber 2.58 3.47 69 2.56

Boron fiber 2.39 1.38 378 0.37

Alumina
fiber

3.87 1.38 408 0.87
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sports becomes more and more intense, the requirements in
the field of rackets are also increasing.

As shown in Table 4, the interface problem of metal
matrix composites has always been a hot and difficult prob-
lem in research, and the bonding state between the interfaces
has an important impact on the performance of the compos-
ites. The interface between carbon fiber and copper has high
interfacial energy, which will lead to poor wettability
between carbon fiber and copper. This poor wettability

results in the simple mechanical bonding of the interface
between carbon fiber and copper, and it is difficult to pre-
pare carbon fiber composites with good interfacial bonding,
which limits its performance.

The sintering temperature also has a great influence on
the thermal conductivity of the composites, and the thermal
conductivity changes with the increase of the sintering tem-
perature, and the density is the same. With the increase of
sintering temperature, the thermal conductivity first
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Figure 7: Effect of sintering temperature on composites.
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increases and then decreases and reaches the maximum
value at 950°C. The effect of sintering temperature on the
composites is shown in Figure 7.

It can be seen from Figure 7 that when the test temper-
ature is relatively low, the thermal expansion difference
between the composite materials formed by different sinter-
ing temperatures is very small, and as the test temperature
increases, the difference becomes larger and larger. The aver-
age thermal expansion of the samples sintered at 950°C is the
largest, and the average thermal expansion of the samples
sintered at 850°C is the smallest.

It can be seen from Figure 7 that the density has an
important influence on the thermal conductivity of the com-
posite material; the higher the density p, the higher the ther-
mal conductivity of the material. The effect of porosity λ on
composites is

λ = λs 1 − pð Þ ð18Þ

The relationship between the expansion ratio and tem-
perature of the composites with different carbon fiber vol-
ume fractions is shown in Figure 8.

It can be seen from Figure 8 that with the increase of the
volume fraction of carbon fibers, the expansion rate of the
composite material shows a decreasing trend. Objects

expand and contract due to changes in temperature. The
change in length magnitude caused by a unit temperature
change is expressed by the thermal expansion coefficient.
When the volume fraction of carbon fiber volume fraction
increases, the thermal expansion coefficient of the composite
becomes smaller. On the other hand, the addition of carbon
fiber to the matrix will form the interface and internal stress,
which will affect the thermal expansion of the composite.
With the increase of carbon fiber content, the interface and
internal stress will increase, and the influence on thermal

Table 5: Comparison of the bearing capacity of badminton rackets
of different materials.

Pressure Affordability
Level of
damage

Wooden racket 30 28% 54%

Iron beat 30 32% 58%

Steel and aluminum 30 40% 43%

Carbon aluminum
racket

30 65% 28%

Carbon racket 30 89% 12%
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Figure 9: Bearing capacity of badminton rackets of different materials under the same force. (a) Bearing capacity of badminton racket made
of ordinary material. (b) Bearing capacity of badminton racket made of electroplated carbon material.
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expansion will be greater, so the thermal expansion coeffi-
cient will also decrease.

Direct electroplating-hot pressing is a good method for
preparing short carbon fiber composites. Carbon fibers over-
lap each other in the process of electroplating and maintain
uniform dispersion in the subsequent cleaning, drying, and
hot pressing processes and can prepare composite materials
with uniform distribution of carbon fibers.

4.2. Experiment and Analysis of Electroplated Carbon
Badminton Racket. After the electroplated carbon badmin-
ton racket is produced, its durability needs to be tested
through actual use. Hardness, bearing capacity, etc. all need
to be verified. In order to enhance the scientificity of the test,
this paper conducted an experiment on a badminton coach
to let him use badminton rackets of different materials and
test the endurance of badminton rackets under the same
force, so as to compare their hardness and draw conclusions.
The bearing capacity of badminton rackets of different mate-
rials under the same force is shown in Figure 9.

As shown in Figure 9, when testing the flexibility,
mechanical bending equipment can be used to apply pres-
sure to badminton rackets of different materials and com-
pare their ability to withstand the same pressure. In this
paper, experiments were carried out on wooden, iron, steel,
steel-aluminum, carbon-aluminum, and carbon bats, as
shown in Table 5.

As shown in Table 5, the bearing capacity of wooden,
iron, steel, steel-aluminum, carbon-aluminum, and carbon
beats under the same pressure was analyzed. It is found that
only the carbon racket has a relatively high bearing capacity
and a relatively low degree of damage, so now the main-
stream material of the racket is mainly carbon racket. The
racket made of this material is of good quality and light
weight, which can make athletes swing faster and use less
effort. Due to the influence of other factors, such as users,
use environment, and frequency of use, the results of this
experiment are not completely reliable, and there are certain
differences.

5. Conclusions

With the development of science and technology, people’s
quality requirements for various things are getting higher
and higher. The development of China’s aviation industry
is inseparable from the contribution of carbon fiber compos-
ite materials. Carbon fiber composites have been widely used
in many fields because of their good properties. This article
first gives a general introduction to carbon fiber composite
materials and electroplated carbon so that people can under-
stand the properties and principles of the two and then use
the relevant chemical formulas to analyze their properties.
Finally, it is found that both have super-strength properties.
In the experimental part, this paper compares the physical
properties of electroplated carbon and different reinforcing
materials and draws the conclusion that the fatigue strength
of carbon fiber composites is much higher than that of metal
materials. Then, the hardness and bearing capacity of elec-
troplated carbon badminton rackets were compared. Under

the same force and pressure, the electroplated carbon bad-
minton racket is not only more durable, but also harder than
other badminton rackets. Therefore, it is very necessary to
study the preparation and performance of electroplated car-
bon badminton rackets.

Data Availability

The data that support the findings of this study are available
from the corresponding author upon reasonable request.
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