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ABSTRACT

In this study, thermal stress analysis on discs consisting of two different materials was analyzed
analytically. Disc materials were selected SiC/6061 Al Alloy composite and Al-7075 respectively.
Assuming that the elasticity module does not change with temperature, thermal stress analysis was
performed under constant temperature distributions in the area from the inner surface of the disc to the
outer surface. Thermal stress analysis was performed under constant temperature distribution. A
computer program was developed for the calculation and the ANSYSS finite element program was used.
The values obtained from the analysis are presented in tables and graphs. There have been differences
in radial and tangential stresses that occur because the elasticity modules and thermal expansion
coefficients of the materials that make up the discs are different. The radial stress value has always been
determined as zero on the innermost and outermost surfaces of the discs. Tangential stresses under
constant temperature distribution from the inner surface to the outer surface occurred as pressure on the
inner part of the disc and tensile stress on the outer part. It is concluded that the stresses occurring in the
SiC /6061 Al alloy composite material are greater than those of AL-7075.

Keywords: SiC-6061 Al Alloy composite disc. Aluminum AI7075 disc. Thermal stress analysis.
Modulus of elasticity. ANSYS.

1. INTRODUCTION

Temperature is one of the situations that significantly affects the character of the material and it is
necessary for researchers to work continuously. Discs are generally used in many areas such as
unmanned aerial vehicles, aircraft, air vehicles, heavy industry, construction machinery, cranes, and
vehicle discs. Aluminum-based metal matrix composite (MMC) materials are used in the design of land
transport vehicles and aircraft structures due to their light weight and high strength-to-weight ratio [1].
SiC -6061 Al alloy composite discs have excellent mechanical properties and high fatigue strength [2].
Studies on discs are found in the literature. Studies on discs modeled from different materials are
available in various publications and books. In a study, stress analysis was performed on the rotating
disc with a constant surface speed. The stresses resulting from the problem are obtained for different
values of the surface velocity [3].

In one of two different studies; the stresses occurring in a boron carbide (B4C) material disc were
analyzed by taking different temperatures from each other. In another study, discs with aluminum
(Al2024-T3) - Boron Carbide (BsC) material of different diameter sizes were modeled. Radial and
tangential stresses were determined. The findings were shared with the literature [4-5]. In a different
study, elastic stresses occurring on a thermoplastic disc reinforced with steel wires were investigated

[6].

In a different study, stresses occurring in rotating discs with functionally rated materials of varying
parabolic thickness were investigated [7].In another study, stresses were determined by applying
pressure to a disc with isotropic material [8].In another study, Elasto-plastic stress analysis of thermo-
plastic material disc rotating at high temperatures was examined [9].Engineering and Mechanical
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Engineering in the field of mechanical problems, the design of the model and the strength analysis of
parts in different loading states of certain geometry can be done. Materials that can work safely in
various loading and environmental conditions on machine parts can be produced at minimum cost. For
this reason, it is very important to know in advance the case of materials against temperature. [10]. In a
different study; Based on Mindlin's theory, the stresses occurring in thermoelastic rotating discs have
been investigated [11].

At this study, stresses and displacements in the discs with Al-7075 and SiC-6061 Al alloy composite
material, which are highly preferred in the airway, aerospace industry, railway industry and aircraft
industry, were determined. In this study, thermal stress analysis was performed on the single material
disc. The solution has been made for two separate discs. First, all of the discs were selected as SiC-6061
Al Alloy composite. SiC-6061 Al Alloy composite materials exhibit good ductility and low density, as
well as high strength and Young modulus.

Aluminium alloy based metal matrix composites mainly automobiles, aircraft, aerospace components,
Marine fittings, Shipping and other industries are preferred. These materials are highly advantageous
due to their excellent wear resistance, light weight, higher strength and durability. It consists of
Aluminum AI7075 material. Aluminum AI7075 materials are used in aerospace and automotive
industries due to their high toughness and tensile strength. It is necessary to examine the behavior of
these materials against temperature.

2. MATERIAL AND METHODS

In this study, stresses and radial displacements occurring at 15°C,30°C,45°C, 60 ° C, 75 ° C were
determined in discs under constant temperature distribution. As shown in Figure 1, the inner radius of
the disc is modeled as 20 mm and the outer radius as 40 mm.

T=To
Figure 1. A disc modeled.
2.1.Analytical Solution
For a thin disc 6, = 0 general equilibrium equation [12].
r(do,); )
— t @i~ =0 (=1 M

In equation (1), r is the radius of the disc at any point, o,; is the radial stress, and oy is the tangential
stress. Here the disc material is takenasi = 1.

du

&ri = E (2)
u

€pi = ; (3)
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Where u is the displacement in the radial direction, €, stands for radial strain, eg refers to the tangential

strain, Strain-stress relationship;

€ = E(Gri —vjopi) + T,
1

€oi = (ogi —viom) + o7y
1

1 F dF
Eri =E—i(;—Uia) + Ty
1 /dF F
co = (g o)

Obtained. The fitness equation for elongation;

d €pi
dr

r +£Gi_£ri=0

(4

()

(6)

()

(8)

The equilibrium equation where the stress function can be defined as F and equations between (1-8) are

used to obtain the general equation (9).

,d*F  dF 5 ,
r W-{-I‘E—F: -r aiEiTr
Ty is substituted for T;
, d2F P
Tarr T Nar BRSO

F= Clrl + Czr_l + Airz

)

(10)

(11)

It is obtained. Using the boundary conditions r = a for case r = aand o, = 0, r=b for case o. =0
the integration constants , C,, C, and the final term Ai are determined as follows: Radial and tangential

stresses,

p o Ty
3(b—a)
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F
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Q
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dF
Og = C1 - CZI'_Z + ZAiI' = E
is found as, u: radial displacement is obtained as in (17) below;

Cir(1—v;) C(1—-v) A;r3(3-—vy)
(Up);i < B E, + E, + o1 i

(12)

(13)

(14)

(15)

(16)

(17)
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3. EXPERIMENTAL RESULTS

In this study, SiC-6061 Al alloy composite and Al-7075 discs 15° C,30°C, 45° C, 60 ° C, 75 ° with
the stresses occurring at temperatures of displacements that occur in the radial direction were analyzed.
The mechanical properties of the discs in the study are given in Table 1.

Table 1. Mechanical properties of discs [13-14].

Properties Unit Value Value
Sic/6061 AL - 7075
Al alloy
composite
Youngs Modulus GPa 254 71.7
Poisson’s ratio 11 0.13 0.33
.. *10_6
Coefficient of thermal 1° C 10.34%10-5 23*10
expansion

Radial-tangential stresses and radial displacements formed in discs are given in Table 2.

Table 2. Stresses and radial displacements in discs.
Radial Displacement

Material Radius 15°C 30°C 45°C 60°C 75 °C
SiC/6061 Al alloy 20 -0.0059 -0.0118 -0.0177 -0.0237 -0.0296
composite
AL - 7075 20 -0.0124 -0.0248 -0.0372 -0.0496 -0.062
SiC/6061 Al alloy 40 -0.0476 -0.0952 -0.1429 -0.1905 -0.2381
composite
AL - 7075 40 -0.0988 -0.1976 -0.2964 -0.3953 -0.4941
Tangential Stress
Material Radius 15°C 30°C 45°C 60°C 75 °C
SiC/6061 Al alloy 20 -19.698 -39.395 -59.093 -78.791 -98.489
composite
AL - 7075 20 -12.368 -24.737 -37.105 -49.473 -61.841
SIC/6061 Al alloy 40 19.698 39.395 59.093 78.791 98.489
composite
AL - 7075 40 12.368 24,737 37.105 49.473 61.841
Radial Stress
Material Radius 15°C 30°C 45°C 60°C 75 °C
SiC/6061 Al alloy 20 0 0 0 0 0
composite
AL - 7075 20 0 0 0 0 0
SiC/6061 Al alloy 0 0 0 0 0
composite 40
AL - 7075 40 0 0 0 0 0

SiC-6061 Al Alloy Composite the tangential stress that occurs on the disc is shown in Figure 2 below.
As the temperature increases from the chart, tangential stress values also increase. Tangential stresses
in discs exposed to constant temperature were obtained as compression stress in the inner region of the
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disc and tensile stress in the outer region. The value of tangential stresses formed on the inner. Surface
of the disc is higher than the tangential stresses formed on the outer surface of the disc

150 -
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2
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S -50 - 60 °C
2 \ 75 °C
©
F -100 -
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Figure 2. SiC-6061 tangential stress on disc with Al Alloy composite material.

SiC-6061 the radial stress on the disc with Al Alloy composite material is shown in Figure 3.
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Figure 3. SiC-6061 radial stress on disc with Al Alloy composite material.

The radial displacement in the disc with SiC-6061 Al Alloy composite material is shown in Figure 4.
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Figure 4. SiC-6061 AL Alloy composite material displacement.
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The radial displacement in the AL-7075 material disc is given in Figure 5.
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Figure 5. Tangential stress occurring in the AL-7075 material disc.

The tangential displacement occurring in the AL-7075 material disc is given in Figure 6.
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Figure 6. Radial stress occurring in disc with AL-7075 material.
The radial displacement in the disc with AL-7075 material is given in Figure 7
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Figure 7. Al-7075 material on the disc displacement occurring.
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Figure 8 shows the displacements that occur on the inside of the discs.

O -
01 - I

Radial Displacement (mm)

-0,7 - m SiC-6061 Al alloy composite
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m AL - 7075
Figure 8. Displacements that occur in the inner part of the discs.

Figure 9 shows the displacements that occur on the outside of the discs.
0 .
1
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mAL -7075
Figure 9. Displacements that occur in the outer part of the discs.
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As can be seen in Figure 2 and Figure 3, the tangential stress was -19.698 MPa on the inner surface of
the disc for a temperature of 15 °C, while 19.698 MPa was obtained as a tensile stress on the outermost
surface. For a temperature of 75 °C, the tangential stress on the innermost surface of the disc was -
98.489 MPa, while the tangential stress on the outermost surface was 98.489 MPa as a tensile stress. As
can be seen in Figure 5 and Figure 6, the tangential stress was -12.368 MPa on the inner surface of the
disc for a temperature of 15 °C, while 12.368 MPa was obtained as a tensile stress on the outermost
surface. For a temperature of 75 °C, the tangential stress on the innermost surface of the disc was -
61.841 MPa, while the tangential stress on the outermost surface was obtained as a tensile stress of
61.841 MPa.

In Figure 4 and Figure 7 above, the displacements in the radial direction are shown in graphs. The SiC-
6061 Al Alloy composite disc has a radial displacement of -0.0059 mm on the inside of the disc at 15
°C, while the radial displacement of -0.0476 mm on the outside. At 15°C, the AL-7075 disc has a radial
displacement of -0.0124 mm on the inside of the disc, while the radial displacement of -0.0988 mm on
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the outside. For example, at 75 °C, the radial displacement of the inner part of the SIC-6061 Al Alloy
composite disc was -0.0296 mm, while the displacement of the inner part of the Al-7075 disc was -
0.0620 mm. At the same temperature, SiC-6061Al Alloy composite for radial displacements formed for
the outer regions of the discs was -0.2381 mm, and AL-7075 for radial displacements formed on the
outer part of the disc was -0.4941 mm. In a study of discs, the stresses formed in the disc under
temperature effect were investigated by analytical and finite element method.

When determining the materials of the disc, the outer part is hard, and the elasticity modules are selected
in order to select materials with 210 GPa and the inner part is brittle 196 GPa. As a result, radial stresses
increase as the temperature increases; zero in the innermost and outermost regions of the disc. As the
temperature increased, tangential stresses increased at 20 °C temperature -22.93 MPa, 140 °C
temperature-160.52 MPa was observed. The results obtained at the end of this study are similar.
Similarly in both studies, displacement values increase as temperature increases. Because the disc
materials are different, it was concluded that the resulting stress values are different from each other
[15]. in a different study, he examined the behavior of discs consisting of copper and nickel alloys under
thermal load by analytical and numerical analysis. In the inner regions of the disc, the radial stress
components are in the form of pressure.

Maximum radial stresses were determined near the central region of the disc according to R values.It
has been concluded that the displacements that are minimal on the inner surface are maximum on the
outer surface of the disc. The disc expands outward under thermal load. The results obtained are similar
to the results obtained in this study [16].

In another study, they determined thermal stresses at 60 °C,90 °C,120 °C,150 °C, 180 °C, 210 °C, 270
°C in a metal matrix composite disc with uniform temperature applied. Finite element method was used
for analysis. Similar results were obtained with this study. It has been observed that thermal stresses,
thermal shapeshifters and displacements vary depending on the different temperature changes applied
[17].

Figure 10 shows the representation of the disc modeled in the ANSYS finite element program.

TYPE NUM

Figure 10. Disc modeled on the ANSYS 2021 R1 Academic program.
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Figure 11 shows the tangential stresses occurring on the SiC/6061 Al alloy composite disc in the ANSYS
program.

SOLUTICN

.851714 3.05941

1.95556

Figure 11. Tangential stresses were obtained from ANSYS Code (SiC / 6061 Al alloy composite).

In Figure 12. SiC / 6061 Al alloy composite a representation of radial displacements occurring on the
disc is given in the ANSY'S program.

NODAL SOLUTICON

STEP=1
s5UB =1
TIME=1
Ux (BVG)
RSYS=0

SMX =.004

Figure 12. Radial displacement was obtained from ANSYS Code (SiC / 6061 Al alloy composite).
Figure 13 shows the tangential stresses occurring in the AL-7075 disc in the ANSY'S program.
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NCODAL SOLUTICN

sSTEP=1

Figure 13. Tangential stresses were obtained from ANSYS Code (AL-7075).

In figure 14. AL-7075 a representation of the displacements occurring on disc is given in the ANSYS
program.

NODAT, SOLUTIOCN

Figure 14. Radial displacement was obtained from ANSYS Code (AL-7075).

In a different study, displacements occurring in discs at temperatures of 30 °C -45 °C -60 °C -75 °C -90
°c -105 ° C were investigated by the numerical and finite element method (ANSYS) program. The
temperature increases linearly from the inner region of the disc to the outer part. It is modeled as disc
materials (B4C), silicon carbide (SSiC), silicon nitride (SisN.) and carbon glass fiber. As a result, the
radial displacement in silicon carbide (SSiC) material is 24.9% greater than in silicon nitride (SizNa).
Carbon glass fiber disc displacement was found to be 32.9% greater than Tungsten carbide (WC). For
example, the displacement in the innermost region of the designated discs is 0.052 mm in tungsten
carbide (WC) material, 0.105 mm in boron carbide (B4C) material, 0.050 mm in silicon carbide (SSiC)
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material, 0.040 mm in silicon nitride (SisN4) material, 0.069 mm in carbon glass Fiber material,
respectively. Displacements in the outermost region of the discs, respectively; 0.410 mm in tungsten
carbide (WC) material, 0.831 mm in boron carbide (B4C) material, 0.397 mm in silicon carbide (SSiC)
material, 0.317 mm in silicon nitride (Si3N4) material, 0.545 mm in carbon glass fiber material. When
the temperature increases linearly from the inner part of the disc to the outer part, the displacement that
occur in the disc are determined in the direction of pulling. In this study, the temperature from the inner
region of the disc to the outer part is applied as constant. The resulting displacements were obtained in
the direction of printing. Both studies showed that as the temperature increased, displacements
increased, and more displacement occurred in the outermost region of the discs. [18]

4. CONCLUSION

In this study, thermal stress analysis was performed analytically under constant temperature distributions
for two different discs consisting of SiC-6061 Al Alloy Composite and AL-7075. For different
temperature values, radial and tangential stress components occurring from the inner surface of the disc
to the outer surface were calculated. For conditions in which the modulus of elasticity does not change
with temperature, the distributions of radial and tangential stresses occurring in the region from the inner
surface of the disc to the outer surface were examined.

As the temperature increases, the displacements occurring in the radial direction increase. A significant
change in radial and tangential stresses has been observed since the materials of the discs differ in
elasticity modules and thermal expansion coefficients. If the temperature is constant from the inner
surface of the disc to the outer surface, radial stresses are formed as a pressure stress. Tangential stresses
occurred in the form of a pressing stress from the innermost part of the disc to the Middle Region, and
in the form of a pulling stress from the middle part to the outer region.

With the increase in temperatures, stress values also increase. The tangential stresses occurring on the
SiC-6061 Al alloy composite disc are greater than the tangential stresses occurring on the Al-7075 disc.
For example, 15 °C SiC-6061 Al alloy composite the tangential stress on the inner surface of the disc is
59.26% higher than the tangential stress on the Al-7075 disc. Radial stresses in the SIC/6061 al alloy
composite disc are greater than radial stresses in the Al-7075 disc for example; the stress in the R=38
mm region of the disc at 15°C SiC-6061 Al alloy composite disc is 59.38% greater than the stress in the
Al-7075 disc. It has been observed that displacements from the inner part of the discs to the outer part
have increased in the radial direction. The results were found to be consistent with other studies
published in the literature. The radial displacements occurring on the Al-7075 disc are greater than the
radial displacements occurring on the SiC-6061 Al alloy composite disc. For example, the displacement
on the inner surface of the disc at 15°C Al-7075 is 110.16% greater than the tangential stress on the SiC-
6061 al alloy composite disc.

According to the results obtained at the end of the analysis; in order to reduce displacement; it is believed
that the availability of a disc with SiC-6061 Al alloy composite material in disc design may be
appropriate. The results obtained using the ANSYS 2021 R1 Academic program were similar to those
obtained numerically. At the end of this article, it is believed that the SIC/6061 Al alloy composite
material can be used on discs, suitable for using machines that require high temperatures and the AL
7075 material can be used at more brittle and low temperatures.
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