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ABSTRACT

In this study, the stresses occurring in the disk consisting of carbon fiber reinforced plastic material (CFRP) were investigated. Concepts
such as temperature and modulus of elasticity are very important for the correct application of thermal stress analyses. In this study,
the temperature distributions of 30°C, 60°C, 90 °C, 120 °C, 150°C, which are the most ideal for machine parts, were considered. CFRP
materials are currently preferred in unmanned aerial vehicles, UAVs, SIHAS, aircraft industry. They are fiber-reinforced polymer
materials obtained by combining carbon fibers with a polymer matrix, showing high strength, high hardness, and strength. The stress
values obtained at the end of the study were compared among themselves and shared with the literature in graphs. It is thought that the
mathematical change in the temperature values affecting the disk with CFRP material also directly affects the thermal stresses. At the
same time, the results obtained were analyzed with the ANYS 2023 finite element program. It has been seen that the results obtained

are compatible with each other.
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1. INTRODUCTION

Disks are generally mandatory parts to be used in
machines and machine parts. Disks are generally used in
aircraft industry, space industry, vehicle braking systems.
The correct determinationera of the disk material is
directly proportional to the temperature sensitivity of the
machine.When the literature review was conducted on this
subject, it was seen that the stresses on disks with different
materials were examined. However, there have not been
any studies on stresses occurring in disks made of carbon
fiber-reinforced plastic (CFRP) material. Looking at the
research conducted on thermal stresses; The changes in
the brake disk with cast iron material used in vehicles have
been studied. As a result, it was determined that in
addition to the gray iron material, the coefficient of
friction with graphite flakes increased, and in addition, the
effect also increased if steel-containing primers were used
[1]. The results obtained have been shared in graphs [2].
In another study; Fractional order theory has been applied
in a hollow modeled cylinder with thermoelastic material
[3]. In another study; Overview of residual stresses and
their measurement and X-ray residue analysis was
investigated at the surface region of the material with a
single crystal. [4-5]. In different studies, stresses
occurring in cylindrical materials were examined again [6-
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7]. In a different study, the stresses of nonlinear and
rotating disks were investigated. When the results
obtained from the FGM disk were examined, it was found
that the biggest diskrepancies were in the radial
displacement part [8]. Disks, on the other hand, can be
used in the functional areas of machine parts. The light-
ness, high strength, good corrosion resistance and high-
quality thermal insulation properties of the CFRP material
disks used in this study in-crease the importance of this
study. With this study, the elastic tensile behavior of the
disk with CFRP material in the maximum and minimum
operating range was determined by using the lowest tem-
perature of 30 OC and the highest temperature of 150 OC.
The findings obtained were compared with other studies
in the literature-type. It was concluded that the results ob-
tained gave the correct result.

2. MATERIALS AND METHODS
The temperatures determined in this study are 30 °C, 60

°C, 90°C and 120°C respectively. The plane stress is 6z =
0 [9]. The modeled disk is given below.
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Figure 1. Carbon fibre-reinforced plastic (CFRP) disk

For the determination of radial and tangential stresses,
the general equation given below can be taken as a refer-
ence [9]
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In equation 1 above, the effect of temperature in differ-
ent regions is given by the formula.
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The engineering coefficients A and C "A" and k are given
below.The disk modeled in the ANSYS 2023 program is
given in Figure 2 below.

Figure 2. Disk modeled at ANSY'S 2023

The results obtained through the ANSYS 2023 program are
given in Figure 3 below.
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Figure 3. The results obtained in the ANSYS 2023 program

As shown in Figure 3, it has been determined that stresses
occur with different intensity in the disk exposed to tem-
perature. It was found that the analytical and numerical re-
sults were close to each other, and the margin of error was
below 3 percent.

3. Results and Discussion

The inner and outer diameters of the disk with CFRP ma-
terial, whose mechanical properties are given in Table 1
below, have been specially determined. a =25 mm, ¢ = 125
mm were taken as (Figure 1).

Table 1. Mechanical properties of CFRP disk [10]

Disk | E, | E; k o o, Vor

160 | 8.97 | 4.22 | 140x107° | 9.08x107° | 0,28
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The stresses formed on the disk with CFRP material are
given in Table 2 below.

Table 2. Elastic stresses occurring on the disk with CFRP
material

Temperature Surface ot or
(mm) (MPa)  (MPa)

30°C (r=20) 43.02 0
30°C (r=100) -27.37 0
60°C (r=20) 86.04 0
60°C (r=100) -54.75 0
90°C (r=20) 129.06 0
90°C (r=100) -82.13 0
120°C (r=20) 172.08 0
120°C (r=100) -109.51 0
150°C (r=20) 215.11 0
150°C (r=100) -136.88 0

In Table 2, it was observed that the stresses were in the
intensity of compression and compression at different
points of the disk.
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Figure 4. Elastic stress occurring in the radial direction on
the CFRP disk

As can be seen in Figure 4, the radial stress increases from
the inner region of the CFRP disk to the region of approx-
imately r=42.5 mm. It shows a decrease from this region to
the outer part. The tangential stresses formed on the CFRP
material disk are given in Figure 4 below.

Tangential Stress (MPa)

Radius (mm)

Figure 5. Tangential elastic stress

Radial and tangential stresses are given in Figure 4 and
Figure 5 above. It has been determined that the radial
stresses are close to zero in the boundary regions of the
disk, and the intensity of the stresses in the tangential di-
rection is greater than the stress intensity in the radial di-
rection. It has been seen that the increase in temperature is
also clearly reflected in the stresses. For example, for a car-
bon fiber-reinforced plastic (CFRP) Disk, the tangential
stress value is 43.02 MPa on the inner surface and -27.37
MPa on the outer surface for a temperature of 30 °C. At the
temperature of 150 ° C, it is 215.11 MPa on the inner sur-
face and -136.88 MPa on the outer surface.

In Figure 6 below, the tangential stresses formed on a disk
with CRFP material are given graphically.
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Figure 6. Stresses occurring in the tangential direction on
the disk with CFRP material

It shows a direct change in tangential stresses with an in-
crease in temperature. ANSYS 2023 program, which is a
numerical analysis and Finite Element program, was used
for this analysis. It turned out that the results obtained were
compatible with each other. In the physical evaluation, the
importance of verifiable analysis of thermal stresses by a
different method has emerged. The accuracy of the results
obtained plays a vital role for the machine parts that can be
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assembled. In this context, the feasibility of a disk model
with CFRP (Carbon Fiber Reinforced Polymer) material
has been revealed with the study conducted. It was found
that the results obtained in the study are compatible with
the literature. For example, an elastic stress analysis of the
FGM disk was performed in a different study. MATLAB
7.1 program was used during the analysis. Similarly, to this
study, it was concluded that stresses increase proportion-
ally as the temperature increases [11]. Similarly, in differ-
ent studies, the stresses occurring on disks made of TI and
TIB materials were studied by Hencky's stress-strain
method. Similarly, to this study, it was determined that ra-
dial stresses are maximum in the middle regions of the disk
and close to minimum in the innermost and outermost re-
gions [12, 13]. In a different study, thermal stresses in the
FGM disk were analyzed and it was found that the tangen-
tial stress was maximum in the innermost part of the disk
and minimum in the outermost region. In this study, it was
found that this situation is similar [14].

4. CONCLUSION

With this study, the stresses occurring in the disk with
CFRP material were determined in different ways. Under
the conditions where the parabolic increasing temperature
is considered; It was found that there were differences in
the stresses calculated for temperatures of 30 °C-60°C-90
°C-120°C and 150 °C depending on the temperature. The
radial stress value occurring in a disk with CFRP material
is greater than the tangential stress value It has been ob-
served that elastic stresses increase when the temperature
increases, tangential stress affects the compression inten-
sity in the inner region of the disk and the tensile intensity
in the outer region. At the end of this study, the results ob-
tained showed that the carbon fiber-reinforced plastic
(CFRP) disk can be used at high temperatures. It has been
seen that the results obtained with the ANSY'S 2023 pro-
gram are very close to the analytically obtained results.
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