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ABSTRACT : In this study, after the design of a new fatigue test device, the manufacturing of the device was
carried out. In the virtual environment, appropriate machine elements and connections were made for the
fatigue test device. For the manufacturing of the fatigue testing device, considering economic factors and
efficiencies, DEG Drive brand 2-pole MS 90L electric motor that had output power 2.2 kW and output speed
2840 RPM and that had aluminum housing and 1-2 alternating current (AC) was used. Fatigue in the machine
elements as a destructive test is known as fracture or rupture as a result of repeated stress under yield strength.
In terms of conventional calculation methods, strength calculations can be made according to elasticity theory,
taking into account design, conditions of use, and other effects. However, in terms of fatigue strength, breaks
that occur with cyclic stresses applied depending on time indicate that these calculations are not sufficient. In
calculations performed under the influence of repetitive dynamic load, fatigue strength must be taken into
account. In order for the fatigue test device to work safely, the appropriate materials were selected, the strength
was calculated, and the dimensions of the sample holder collets were determined. After the manufacturing of the
fatigue test device, fatigue strength, the number of cycles, and fracture form of 1040 steel material were
examined under applied different loads.
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I. INTRODUCTION

One of the important stages for designers during machine design and manufacturing is also material
selection and sizing stage. This stage directly affects the ergonomic structure of the machine and production
costs (e.g., the amount of material used, labor, etc.). Many materials in the industry are subjected to cyclic stress
or shape changes well below their tensile strength. When a single static stress is applied, parts subjected to
repetitive or cyclic loads break off at a stress well below the stress they can withstand. These breakings are
called fatigue fractures. The usability of the material can be better decided by examining its fatigue properties.
Damage occurring in this way is called fatigue. S-N (Wohler) curves are usually used to calculate the fatigue
properties of the material [1-4].

Different models have been proposed to estimate fatigue strength. Most of the studies that refer to
stresses are based on S-N diagrams or Wohler curves, which represent stress levels. Over the years, the effect of
different parameters such as stress rate, loading frequency, and uncertainty about load position have been
investigated in these models [5-7].

Damage to engineering materials emerges when a crack occurs. This crack grows erratically and causes
the material to break completely. Fatigue damage also occurs at cyclic stress levels much lower than the tensile
strength applied to the material. The fatigue resistance of a structural part is affected by mechanical,
metallurgical, and environmental variables. Fatigue is the primary cause of 80-90% of all engineering damages
[8]. The properties and application areas of an engineering material can be specified by two main design
approaches. First, in the total life approach, there are no defects in the material; when stress or stress life curves
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are used, the material life can be estimated based on design loads. In the other approach, when the defect is
called as tolerant, it is assumed that the starting material already has defects, and with the applied load, the fault
will grow towards the fracture. In this case, the fatigue life can be calculated based on how long it takes for the
crack to spread from the initial size to the critical size [9].

The fatigue process is three stages: The occurrence of initial fatigue damage leading to the onset of
crack, becoming of the remaining cross-section too weak to carry the applied loads as a result of the progression
of the crack, and sudden fracture of the remaining cross-section. Due to such a non-uniform microstructure that
the materials have, the stresses are dispersed in a non-uniform way. Areas where stresses are severe are usually
the points where fatigue damage begins. Conventionally, the total fatigue life of the material is taken into
account in the design of engineering structures. But, under operating conditions, machine elements may contain
defects such as scratches, impurities, and cracks. In the structural element operating under dynamic loads,
fatigue cracking can begin from these defects. In general, factors affecting fatigue behavior of materials can be
listed as stress concentrations, material size and surface parameters [10-13].

In this study, the design and manufacture of a fatigue test device were carried out for materials that had
cylindrical cross-section and especially metal character. As a result of design and manufacturing studies, fatigue
properties were examined on 1040 steel test samples under the influence of different loads and the S-N curve
was drawn.

I1. DESIGN AND MANUFACTURING

In terms of destructive testing of materials, fatigue test equipment can be designed and manufactured in
different types, such as axial and environmental tilt. In terms of design and manufacture of fatigue test device; a
fatigue test device driven by a motor on a common chassis and carrying a peripheral tilt unit within it was
considered. In this context, the device can be specified as a “built-in (encastre) beam” type fatigue test device. In
this type of test device, the standard test sample is connected from its head part and the rotation effect is
provided by a motor. On the other side, the test sample is attached to a bearing shaft from the other side with the
help of apparatus, and rotation of it in a rigid way is ensured. In this case, the number of cycles in which the test
sample is broken or not broken against the bending stress under the effect of the applied load can be calculated
with the necessary measurements. The fatigue test device designed in a virtual environment in accordance with
the specified information is shown in Figure 1.

Figure 1. Designed fatigue test device

Considering the design and manufacture of the fatigue test device, an electric motor with 2.2 kW and
2840 rpm values was mounted firmly in the body of the test device. Collet holder connection is made to the
shaft on the motor side and to the opposite side. Considering the sample connection area in the fatigue test
device, a load application area is designed for the targeted bending stress. In this context, different loading
operations can be performed on the load application area; this image is shown in Figure 2.
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Figure 2. Bending stress effect and load application area

I11. RESULTS AND DISCUSSION

In materials, under the influence of cyclic stresses applied under yield strength, the behavior of
breaking or fracturing is very important because it is known that materials do not always work under the
influence of constant or static loads. Therefore, the working conditions of the materials are encountered in the
presence of continuous cyclic stresses such as rotation, bending and vibration. As a result of this situation,
fatigue testing is performed as a destructive testing method. In materials, fatigue strength, limit, and life can be
determined.

Given the information specified in terms of the fatigue test device, the cyclic stress in the material is
applied as rotation with the help of a motor. Mainly in applications of fatigue experiment, 1500 rpm and 3000
rpm motors are preferred. Thanks to its high environmental speed, the motor with 3000 rpm can transfer the
desired force to the sample at maximum speed. In terms of design and manufacturing of the test device, a 3000
rpm motor was used in studies. If motor power is shown with P, motor efficiency with n,,, shaft input power
with P;, shaft output power with P,, and total device efficiency with n,,,, it should be that P,,, * n,,>P; and P,
= M¢oc * P;. The efficiency of roller bearings is selected as n,= 0.97.

Accordingly, from the input power (P;) formula;

P, _ 15

P, = = — P; = 1.546 kW was found. Q)
Ntot ~ 0.97
Table 1. Propertiesof theelectric motor
Rated Speed Input Speed Type Power Yield
(dev/dak) (dev/dak) (kW)

2840 3000 MS 90L 1-2 2.2 0.81

The properties of the electric motor used in the production of fatigue test device are shown in Table 1.
The collet holder shown in Figure 3 was selected to squeeze a test sample with 15 mm diameter for the opposite
side of the motor. In order for the collet holder used to rotate smoothly on the bearing, a smooth circular surface
was formed by the turning on the shaft at the back. The collet on the motor part was selected in the diameter of
the shaft connected to the motor. The collet at the opposite of the motor, on the other hand, was selected
depending on the collet holder and the experimental sample (Figure 4).
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Figure 4. Collet head and caps;
a) D=50mm, d= 15-16mm, L=34mm, b) D=40mm, d=15-16mm, L=34mm, ¢) M40x1.5mm, D=52mm,
L=30mm, d) G=M32x1.5mm, D=42mm, L=20mm

Depending on the strength account, the loads to be used for the design and manufacture of the fatigue
test device were placed at the farthest point to the test sample. The test loads used were selected considering the
standard fatigue sample (figure 5a). Selected loads could be applied up to 25 kg during testing. The used load
material was preferred as an iron-based alloy. The entire length of the standard test sample was 100 mm, the
outer diameter of it was 15 mm, the length of its radius part was 50 mm, and the thinnest diameter in the center
of it was 9 mm, and it was made of 1040 steel (Figure 5b). After the design studies conducted in the virtual
environment, the manufacturing of the fatigue test device was carried out with the specified information (Figure
6).

Figure 5. Fatigue test; a) Load, b) Standard test sample
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Figure 6. Fatigue testing device manufactured

For use in fatigue test experiments, data related to the fatigue stress were specified as follows,
respectively; n: motor speed ( rpm ), d: shaft radius (mm), L: shaft length (mm), r: sample radius (mm), P:
bending force (N), N: Power (Kw), Me: bending moment (N.mm), Mb: torsion moment ( N.mm ), Mf: resultant
moment (N.mm), o y: fatigue strength (N. mm2). In addition, motor speed, shaft length, sample radius, power,
and shaft radius were used as n: 2840 rpm, L: 250 mm, r: 4 mm, N: 2.2 Kw, and d: 12.5 mm, respectively.

Based on the formula given in Equation 2, the value of Me was found as follows;
Me =P.L 2
P=25x9.81=245.25N, L =250 mm
Me = 245.25 x 250
Me =61312.5 N.mm
Based on the formula given in Equation 3, the value of Mb was found as follows;
Mb,  T=Nw ®)
T =N/w T = (2,2. 1000)/((2.7 .2840)/60) x 10° = 7397.34 N.mm
T=Pr T =245.25 x4 =981 N.mm
Mb = 7397.34 — 981
Mb = 6416.34 N.mm
Based on the formula given in Equation 4, the value of Mf was found as follows;
Mf = V(Me”2+Mb?) 4
Mf = V((61312.5)2+(6416.34))

Mf =61647.32 N.mm
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Based on the formula given in Equation 5, the value of 6 y was found as follows;

ocy=(Mf/m.d*).32 (5)
oy=(61647.32/xn.12,5%) .32
6 y=321.50 N.mm?

Within the scope of the stated results; ¢ y was applied as 6 y = P x 1.31 (N/mm?2). In determining
fatigue strength, this equation was preferred for use in experimental studies. After the design and manufacturing
activities of the fatigue test device, the results of experimental studies performed using 1040 Steel materials

under different loads are shown in Table 2.

Table 2. Steel material fatigue test results

Material Load Fatigue strength (N/mm?) Number of cycles LogN
¢1040 250 3275 1363.2 3.13
¢1040 200 262 2641.2 3.42
¢1040 150 196.5 17182 4,23
¢1040 100 131 21612.4 4.33
¢1040 50 65.5 32745.2 4.51

As a result of a fatigue test, the S-N (Wohler) curve shows the magnitude of the stress amplitude
corresponding to the number of cycles in which a material is damaged. On this curve, usually, both the stress
and the number of cycles can be given on logarithmic scales. In order to determine the cumulative damage or
fatigue life of a mechanical part and to identify the loading history, the S-N (W@éhler) curve is quite important.
Therefore, the S-N (Waohler) curve obtained using steel material fatigue test results is shown in Figure 7. Figure
8 shows the fractured steel material as a result of the fatigue tests under different loads applied in experimental
studies.
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Figure 7.S-N curve after steel material fatigue test
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Figure 8. Fatigue fracture zones of steel materials

IV. CONCLUSION
Fatigue tests are carried out to determine the fatigue life of machine elements operating under dynamic

loads. In this study, in order to determine the fatigue behavior of metal-character materials and to obtain S-N
curves, rotating bending fatigue test device was designed and manufactured. Variable loading values can be
applied to the sample, while constant speed is used in the test device after its design and manufacture. After the
manufacturing studies, it has been determined that the fatigue strength of 1040 steel material is compatible in
terms of increasing load and low cycle number.
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