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ABSTRACT

In this study, elastic stress analysis was performed on thermoplastic composite discs. The modulus of
elasticity of thermoplastic composite discs is also different from each other. Our goal is to study elastic
stretching. The field of application of primitive stresses caused by uneven temperature distribution in
engineering is quite large. Under the parabolic temperature distribution of the disks, radial stresses
formed on the inner and outer parts of the disks were calculated by assuming that the modulus of
elasticity does not change with temperature at temperatures of 30 °C, 60 °C, 90 °C, 120 °C on the inner
and outer surfaces of the disk. During the study, analytical and numerical analysis was performed using
a computer program and mathematically modeled ANSYS programs.

Both methods give similar results. In other words, the differences analytical and numerical results can
be ignored. At the end of this study, it was determined that the radial and tangential stress values were
higher at high temperatures than at low temperatures. It has been established that tangential stresses are
much larger than radial stresses. The purpose of this article is to study the behavior of the thermal load
on two different thermoplastic disks.

Keywords: Thermoplastic disc, Elastic stress analysis, Modulus of elasticity, Thermoplastic composite,
Parabolic temperature distribution

1. INTRODUCTION

Discs are used in many of the machine parts. Composite materials, on the other hand, are frequently
used in the fields of automotive industry, aircraft industry, space industry, defense industry, food
industry, textile industry. It is of great importance to know in advance the properties we want according
to the area where the materials exposed to temperature will be used. When the literature is examined, it
has been seen that thermal stress analyzes are made on metal discs. It has been observed that the studies
conducted on thermal stress analysis on thermoplastic discs are not sufficient. Thermoplastic composites
are widely used in aviation. In particular, carbon fiber reinforced thermoplastic composites have started
to be used as structural materials for both high performance aerospace applications and other industrial
applications. High deformation resistance, superior fracture toughness and impact resistance; Short
production cycle, unlimited life, recyclability and repairability are some of the features that increase the
popularity of these materials [1]. When the thermal stress analyses occurring in disks with aluminum
(Al2024-T3), Boron carbide (B*C) materials were examined, the radial and tangential stresses formed
in the disks were determined numerically [2]. He determined the thermal stresses occurring in a
bimaterial disk numerically and shared his findings with the literature using graphs [3].

Elastic stress analysis of orthotropic functionally graded discs was performed [4].The thermal stress
analysis of cross-reinforced square-hole thermoplastic composite plates was studied. In their study, they
shared the results obtained at constant temperature on a square hole reinforced with steel fibers using
the method of composite plates with a layer in the middle and finite elements with a thermal load [5].
They calculated residual stresses in thermoplastic materials in their study [6]. In a different study, plastic
stresses occurring in composite plates with thermoplastic layers with elliptical holes were investigated.
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Vertical heat loading in the form of weaving was applied to orthotropic layered plates made of steel
fiber reinforced composite. Using the finite element method, it was concluded that the stress components
occurring in the layers of the material are lower than those on the lower and upper surfaces, and there is
an increase in the plastic stress components depending on the number of iterations [7].The behavior of
composite materials against high temperatures is different from each other. In different studies, the
mechanical properties and thermal behavior of different composite materials were investigated [8-12].

It is vital to investigate the stresses occurring in the discs. Disks are parts of spacecraft and are used
quite often when assembling on airplanes. The radial stress and tangential stresses that occur when the
materials that make up the disks are changed are radically different from each other [13-16].The
parameters taken into account when determining the materials that make up the disks are very important.
For example, when choosing composite materials, radiation shielding parameters of different materials
and composite material should be taken into account by considering radiation parameters [17-18].

He investigated the elasto-plastic stresses occurring in an aluminum composite plate with an
antisymmetric sequence angle with a metal matrix at constant temperature [19]. They analyzed the elastic
stresses occurring in disks rated with a simple force function of axially symmetric rotating, functionally
graded parabolic and hyperbolic disk profiles [20]. The thermal stresses of laminated composite plates
have been studied using the exponential shear deformation theory [21]. By developing Navier solutions
for the composite plate in question, they shared the numerical results obtained with the three-
dimensional flexibility solution available in the literature. In this study, the stresses of thermoplastic
composite disks modeled with two different mechanical properties were calculated by assuming that the
modulus of elasticity of the material does not change depending on the temperature.

2. MATERIAL AND METHODS

In this study, stresses occurring at 30 °C, 60 °C, 90 °C and 120 °C were determined. The inner radius of
the thermoplastic matrix composite disk is 40 mm, and the outer radius is 80 mm. For the plane stress
state, assuming the disk thickness as a unit, it is taken oz = 0, and the general equilibrium equation for
a thin composite disk is as follows [22].1t is given in the format. In equation (1), r is the radius of the
disk at any point, or is the radial stress, and oy is the tangential stress. The modeled disk subjected to
thermal stress analysis is given in Figure 1 below.

20 mm
Figure 1. A disk subjected to thermal stress analysis.
r(do,)
1 —+ (o) — (0g) = 0 €Y)
r
du
& = a = a,, 0y + arg0p (2)
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u
€9 = = arg0r + age00 A3)

Where u is the displacement in the radial direction. & refers to the radial deformation, €q refers to the
tangential deformation. Strain-stress relation [12];

& = €9+ r@ (4)
r dr
F
Gr:; (5)
dF
(&) —a (6)

in the form. If equations (6) and (7) are applied in equations (4) and (5); obtained. The fitness equation
for elongation; It is obtained as. The equilibrium equation where the stress function can be defined as F
and the equations between (1-7) are used to obtain the general equation (11).

d?F dF dT
227 - F=-— 22 Tr — T 4
dggl a2 + dggl’ . dpr gl ar + A lT Qg lr ( )

To indicates the first temperature value, Tr ‘indicates the temperature value of any point in the radial
direction. For parabolic increasing temperature distribution;

T=

CEE ) (8)

a2 — b2

It happens in the form. The inner radius of the disc a, b is the outer radius of the disc. The function f
from the solution of equations;

F=CirX¥+ Cr¥1+Ar?2+C 9
The stress components are;
F k-1 -k-1 2
Gr=;=C1r + Czr +Ar +C (10)
dF k-1 -k-1 2
Oo=qr = kCir* ™ + KkCyr + 3Ar-+C (11)

The calculations of A and C, "A" and k coefficients are as follows.

o 3(0(6 - ar)
A—-l—aee(g ~1) (12)
o (0 = ap)b? .
TS 19
T,
T o
k2 = 2 (15)
dp0

For the calculation of integration constants according to C; and C, boundary conditions;
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Aak+3 + Cak+1 _ Abk+3 _ Cbk+1

Ci= (b2k — a2k) (16)

C,=-C,;a%K — AaK*3 — Cak*? (17)

3. EXPERIMENTAL RESULTS

In this study, thermal stresses occurring under parabolic increasing temperature distributions were
investigated in two different disks modeled with composite thermoplastic material. The disks are fixed
and their dimensions are modeled as a = 40 mm, ¢ = 80 mm. The solutions were obtained using 30°C,
60°C, and 90°C temperature values. It was assumed that the modulus of elasticity does not undergo any
changes with temperature. Previous studies in the literature have been investigated for the material
properties of thermoplastic composite discs [23-24]. In particular, many analyses can be easily performed
using the finite element method. The ANSYS program is also a package program that can perform
various analyzes based on the finite element method. With this study, a mathematical model has been
developed with a computer program to calculate the stresses occurring at different temperatures. The
finite element method is a preferred method for solving many engineering problems in different fields.
The finite element method has been preferred for the solution. For this purpose, ANSYS software was
used for modeling and analysis.

In a similar study, the mechanical (Disc-1) properties of the thermoplastic composite material produced
were used. The materials consist of low density polyethylene as a thermoplastic matrix and steel fibers
as a curve. In general, in the production of materials; after the raw polyethylene granules are placed in
a mold heated by an electric resistor, a polyethylene layer with a thickness of 1 mm is produced for the
preparation of polyethylene layers. Another thermoplastic material (Disc-Il) is high density
polyethylene (HDPE) reinforced with steel wires produced at Dokuz Eyliil University mechanical
Laboratory . The properties of the thermoplastic composite materials determined in this study are given
in Table 1.

Table 1. Mechanical properties of Thermoplastic Disc-1 [5]-[25].

Properties Unit Disc-1 Disc-11
E, GPa 11.3 41
E, GPa 2.6 1.2
k 1/1 6.59 5.84
o 1/(°C) 130x10°° 131x10°°
a, 1/(°C) 12.8x107° 13.1x10°°

Table 2 shows the tangential stresses that occur in Thermoplastic discs.

Table 2. Tangential elastic stresses in discs.

30°C 60°C 90°C 120°C

Material Radius 7.19 14.39 21.59 28.79

Disc-1 30.87 61.74 92.61 123.49
Inner

Disc-11 -3.67 -7.34 -11.01 -14.69
Inner

Disc-1 -15.60 -31.21 -46.82 -62.42
Inner

Disc-11 7.19 14.39 2159 28.79
Inner

Table 3 shows the radial stresses that occur in Thermoplastic discs.
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Table 3. Radial elastic stresses in discs.

30°C 60°C 90°C 120°C

Material Radius 0 0 0 0

Disc-I 0 0 0 0

Inner

Disc-11 0 0 0 0

Inner

Disc-I 0 0 0 0

Inner

Disc-11 0 0 0 0

Inner

In Table 2 and Table 3, the elastic tangential stresses obtained for Disk-I and Disk-1I modeled from
thermoplastic composite materials are given. Tensile stress occurs on the inner parts of the disc and
compression stress occurs on the outer parts. Figure 2 shows the disk modeled in ANSYS program.

Figure 2. Disc modeled on ANSY'S program.

The radial stresses formed on the disks are zero on the innermost and outermost surfaces. Figure 3
shows the radial elastic stress occurring in Disk-I.
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Figure 3. Radial elastic stress occurring in Disc-I.

As can be seen in figure 4 below, the tangential stresses that occur in the innermost and outermost
regions of the disk are zero. It is observed that radial stresses occur as a tensile stress in the entire
region of the disk. The radial stress values increase from the inner surface of the disk to the region
of r =52 mm, while they decrease from this point to the outer regions. Figure 4 shows the tangential
elastic stress occurring in Disk-I.
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Figure 4. Tangential elastic stress occurring in Disc-I.

As the temperature value increases, the tensile values of the disks also increase. The stress acts as a
tensile stress towards the inner region of the disk. It acts as a pressing stress towards the outer region
of the disk. The tangential stresses that occur in the inner region of the disk are greater than the
tangential stresses that occur in the outer region of the disk. As the temperature value increases, the
tangential stress values increase proportionally. The tangential stress value is 7.199 MPa on the
inner surface of the disk for a temperature of 30 °C. For a temperature of 60 °C, it is 14.398 MPa.
The tangential stress that occurs on the innermost surface of the disk for a temperature of 120 °C is
28.796 MPa. In Figure 5, the radial stresses occurring in Disc-11 are shown as graphs.
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Figure 5. Radial elastic stress occurring in Disc-11.

In Figure 5, radial stresses are determined as tensile stresses in the entire region of the disk. For each
temperature value, the intensity of the radial stress increases in the inner region of the disk up to the
region of r = 52 mm. It is observed that as the temperature increases after the 52.4 mm region of the
disk, the stress also increases. The radial stress value occurring in the R = 42 mm region is 1.432 MPa
for a temperature of 30 °C, it is determined as 5.729 MPa for a temperature of 120 °C. Figure 6 shows
the tangential stresses occurring in Disc-1I.
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Figure 6. Tangential elastic stress occurring in Disc-11.
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As shown in Figure 5; tangential stresses are determined as tensile stresses in the inner region of the
disk. It were obtained as a pressing stress in the outer region of the disk. It is observed that as the
temperature increases, the tangential stress values also increase proportionally.

The tangential stress value was determined as -30.872 MPa on the inner surface of the disk at a
temperature of 30 °C. For a temperature of 60 °C, it is -61.745 MPa. For a temperature of 120 °C, the
tangential stress that occurs on the innermost surface of the disk is -123.49 MPa.The tangential stress
that occurs on the innermost surface of the disks are given in Figure 7.

140 - m 30°C
m120 °C
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Figure 7. The tangential stress that occurs on the innermost surface of the disk.

The tangential stress that occurs on the outer part of the disks are given in Figure 8.
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Figure 8. The tangential stress that occurs on the outer part of the disks.
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Figure 9 shows the stresses obtained from the ANSY'S program for Disc-I.

13.9905

Figure 9. The stresses obtained from the ANSY'S program for Disc-I.

Figure 10shows the stresses obtained from the ANSY'S program for Disc-11.

NODAL SOLUTION
STEP=2
SUB =1L
TIME=2

Figure 10. The stresses obtained from the ANSYS program for Disc-11.
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The results obtained in this study were compared with similar studies. For example, they stated that the
tangential stresses occurring in the thermoplastic composite disk are greater than the stresses occurring
in the radial direction [5]. Similarly, in this study; the calculated tangential stresses of it has been
determined that there are more radial stresses. In both studies, the elastic stresses occurring in the
innermost and outermost regions of the disks are zero.

4. CONCLUSION

Result In this study, elastic stresses occurring in disks consisting of two different materials were
investigated. Disk materials are thermoplastic composite materials. The temperature varies parabolic
from the inner region of the discs to the outer region. The finite element method of the ANSY'S program
was used for the solution. The result of the obtained solutions is summarized below. Due to the increase
in temperatures, there are increases in stress values. The stresses determined at a temperature of 120 °C
are less than the stresses determined at a temperature of 30 °C. For this reason, stresses are greater at
high temperatures. Elastic stresses are directly related to temperature rise. Elastic deformation begins
primarily on the inner surface of the disk. Considering the modules of elasticity of disks, the elastic
stresses calculated in Disk-11 with a high modulus of elasticity are greater than the elastic stresses
occurring in Disk-I. The reinforcement ratio of steel wires directly affects the stresses.

For example, It has been determined that the stresses caused by Disc-1l with a high steel wire
reinforcement ratio are greater than Disc-I. It turns out that steel wire reinforcement can increase the
strength of the material. Radial and tangential stresses from the inner surfaces of disks to the outer
surfaces of disks 30 °C-60 °C-90 °C-120 °C for temperature values; radial stress components are always
zero in the innermost region and outermost regions of disks. It is observed that the stress values increase
with increasing temperature. The radial stresses calculated on the disks were determined as the tensile
stress.

The tangential stresses that make up the disks are the tensile stress of the disks from the inner region to
the middle region. It is determined as a pressing stress from the middle region of the disk to its outer
part. Disc-11 has high elasticity modules compared to Disc-l. The radial and tangential stresses occurring
in Disc-11 are greater than the radial and tangential stresses occurring in Disc-l. With this study, it is
thought that thermoplastic composite materials, which are the reason of choice in spacecraft and
airplanes, should be at optimum temperatures. It is assumed that the modulus of elasticity plays an
important role in determining the resistance of materials to temperatures. At high temperatures, it is
thought that it may be more advantageous to choose a material with a mechanical property when
choosing any material.
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