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ABSTRACT

This paper proposed the development of rotary fatigue test
equipment. This equipment was used to test the JIS S45C steel,
validated using the Joseph Marin approach. Analyzing the
fatigue strength of JIS S45C steel using the Joseph Marin
approach was compared to experimental testing. The
dimension of the test specimens was based on the ASTM E
466. The test data was displayed in the form of an S-N curve.
The test results showed the fatigue strength of JIS S45C steel
on the whole that was close to each other, experimentally and
using the Joseph Marin approach. In the infinite life region, it
is known that the fatigue strength based on the Joseph Marin
approach was lower than experimental tests. Therefore, if JIS
S45C steel had received a hefty load repeatedly, it would fail
more quickly.

KEY WORDS: Fatigue test equipment, JIS S45C steel,
Joseph Marin approach, Specimen.

NOMENCLATURE

N Fatigue cycle

Oyicld Percentage of yield load
or Fracture

F Force

Obending ~ Bending stress
Tshear Shear stress

w Weight

Fr Friction Force

Esd Compressive strain
Ee Critical strain

1.0 INTRODUCTION

In the world of fabrication, knowledge of materials science is
closely related to the process of designing products that will be
produced. Creating new products will begin with designing
products that the company can sell to consumers. In the
production process, the primary role is owned by the designer
as the generation of ideas, concept development, testing and
implementation of manufacturing physical objects or services.
Tool development is carried out by looking for more complex
problems. The designers can determine the dimensions and
types of materials used by considering the ease of making
product designs to minimize costs [1-2]. Thus, simplifying the
manufacturing process and minimizing the risk of errors and
repetitive work [3].

The mechanical properties of steel have a crucial role that
can be applied for use in the field by effective use and
efficiency [4-5]. Most steels are subjected to dynamic and
repeated stress loading over a long time, resulting in curvature
stress whose magnitude varies continuously from the
maximum compressive value to the maximum tensile value.
This tensile pull condition lasts continuously until the material
is tired and ends with a fracture or fatigue failure. The fatigue
life determines the load cycles before failure [6]. Fatigue
failure occurs based on the endurance limits of a material.
Fatigue problems often arise and are difficult to estimate, with
no signs of fatigue fractures that can be seen with the naked
eye during work in the field by technicians in each field [7-8].

Some materials can experience repeated stresses or
fluctuations that can cause damage below the stress required to
break tired, with dynamic loading resulting in cracks that can
propagate continuously, resulting in the strength and ductility
of a structure decreasing lower than the load that must be
supported. As a result, the structure cannot withstand the load,
failing [9-13]. The use of steel specimens can be very different
compared to other regions, so it is necessary to pay attention to
the strength of the steel [14]. It is necessary to investigate the
properties of a material by testing using fatigue test equipment.
However, due to the limited accuracy of existing fatigue test
equipment in the form of a loading system that is directly not
accompanied by a load gauge and the inaccuracy of cycle
results because the system stops manually and the surface of
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the fault results rubs against each other [15].

Thus, this paper aims to develop a rotary bending fatigue
test equipment. Some improvements were made, such as
changing manual components to digital in motor rotation
measuring instruments (rpm), time (minutes), arm loading
systems, load counters, and automatic stop systems. So, it can
be ensured that the broken surfaces on the test specimens do
not rub against each other. Thus, the shape of the fault that
occurs can be analyzed. The test results are displayed as an S—
N (fatigue) diagram. The result data is displayed more
proportionally attractively, making it easier for the structural
designer. In addition, this rotary fatigue test equipment can be
applied to testing other materials such as aluminum, copper,
composites and others.

2.0 METHODOLOGY

The development of rotary fatigue test equipment involved the
design and manufacturing of the equipment frame, motor drive
mount, and rotation transmission system to the shaft, shaft,
shaft bearing base, and designing tools for measuring motor
rotation (rpm), time (minutes), load distribution system, tools
measuring loads, automatic stop systems, electrical and control
systems. This test equipment used the digital system with the
addition of an Arduino tool as a controller to measure rotation,
time and automatic shutdown. Arduino is an electronic board
that functions as a computer to control the operation [16-17] of
rotary fatigue test equipment. In the form of calculating the
number of revolutions, calculating the time, on, off, restart, and
stopping automatically when the test specimen breaks. In this
paper, the control system used an Arduino Atmega 328
microcontroller. The data generation for fatigue testing
equipment was displayed on the LCD screen. The Arduino
circuit design is shown in Figure 1.

The rotary fatigue test equipment design is depicted in
Figure 2. The working principle of the equipment was the
control system turned on, which automatically started the
motor. Next, the motor rotation was transferred to the shaft via
pulley and belting. So, the specimen gripped by the collet
rotated at a speed of 870 rpm and received the bending stress.
The specimens that had received bending stress would
experience repeated stress due to torsion. With continuous
loading in specific cycles, the specimen can break. When the
specimen breaks, the motor is automatically stopped, and the
rotation results and time are displayed on the LCD screen.
Next, a reset was carried out to test the next specimen.

Next, the rotary fatigue test equipment carried out fatigue
testing for JIS S45C material specimens. The tensile testing
was carried out to obtain the yield strength value. According to
[18-19], fatigue is a form of structural failure due to dynamic
loads that fluctuate below yield strength and occur for a long
time and repeatedly. In this research, the fatigue test was
carried out with JIS S45C steel specimens by conducting
tensile testing. To obtain yield strength values were used to
vary the loads 50%, 70%, 90%, 110% and 130%, which
obtained the load applied to the fatigue test equipment along
with ASTM E-8 standard for tensile test of specimen sizes
(Figure 3) and fatigue test specimen sizes (Figure 4).

Data from each test specimen on JIS S45C steel with
varying loads was collected to determine the specimen
operating cycle. The magnitude of the working stress due to

loading and testing cycles was a reference for numerically
determining the number of cycles. Other predictions were
approached using Joseph Marin’s equation.

Note:

1. Construction of frames 10. Chuck shaft 1

2. Electric motor 11  Bearing UCP 2

3. Drive motor pully 12.  Arm shaft position box 1

4. Belting 13.  Weight gauge

5. Shaft connecting pully 14. Lap and time stop switch

6. Shaft 15.  Arm shaft position box 1

7. Bearing UCP 1 16. Chuck shaft

8. IR Round counter 17  Loading arm.

9. Flexible cable 18  Control the amount of loading

Figure 2: Rotary fatigue test equipment design

A —
A=60;D=9,C=15L=45,R=45
Figure 3: Specific size for tensile test specimen [20]
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Figure 4: The size of fatigue test specimens [21] .
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Figure 6: Stress vs Strain Curve
The stages of designing and manufacturing the rotary fatigue
test equipment first inspect the previous equipment and
redesign the rotary fatigue test equipment, including designing
the construction, shafts, bearings, couplings, electrical circuits
and controls using the Arduino program. The rotating fatigue
test equipment is shown in Figure 5.
Figure 7: Tensile testing
w.l/2
Tyiera = T35 08 (1
w. 100
= (500,86 x 50%).(m/32.(6%))
w=106.16N
w= 109Kg

Figure 5: The rotary fatigue test equipment

3.1 The Rotary Fatigue Test Equipment Examining

Fatigue testing was carried out with JIS S45C steel
material with a yield strength of 500.86 MPa from the tensile
test results, as presented in Table 1 and Figure 6 as a JIS S45C
steel tensile test graph. JIS S45C steel was tested by varying
the load of 50%, 70%, 90%, 110% and 130% of the yield
strength. The load given to the specimen is presented in Table
1. The tensile testing can be seen in Figure 7.

Determining the load given in the fatigue testing of the JIS
S45C material refers to the yield strength results of 500.86
MPa. The dimensions of the test specimen are shown in Figure
4. Based on equation (1), the load for fatigue testing on each
specimen. Then, the load applied in each specimen is shown in
Table 2.

Table 1: JIS S45C steel tensile test result

Table 2: Loading value of each specimen

No Specimen data Percentage % Load (kg)
1 Specimen 1 50 10.9
2 Specimen 2 70 15.9
3 Specimen 3 90 19.9
4 Specimen 4 110 23.9
5 Specimen 5 130 28.9

No Result Value
1 Yield strength 500.86 MPa
2 Ultimate tensile strength 806.39 MPa
3 € (%) 7.133
4 of 610.069 MPa

3.2 Bending Stress

The bending stress for each specimen was calculated based
on data of specimen diameter of 6 mm and gravity (g) of 9.81
m/dt?. The size of specimen shows in Figure 8.

& — 3

400 mim

Figure 8: The specimen size for bending stress
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Specimen 1, with a load of 10.9 kg, was calculated as the force:
Force (F) =Mass x gravity
=5.45x 9.81 m/dt?
=53.464 N

Determining the bending stress can be calculated using
equation (2). Then, the bending stress value calculation
resulted in 2.2 x108  N/m? = 227.03 MPa. The same way
was applied to calculate the bending stress for specimens two
to 5.

1

Fl—.d
M.y 2
og=——= 2
I xd’ @
64

3.3 Shear Stress

The following equation can obtain the shear stress on the
specimen:

T.r
TShear = 3
P

Then, the shear stress for specimens 1 to 5 was calculated
using equation (3). The result of the bending and shear stress
values for all specimen tests is depicted in Table 3.

Table 3: Bending and shear stresses acted in each specimen

No Load Specimen Bending Shear stress
% Yield load stress (Mpa) (Mpa)
1 50% 10.9 227.03 142.41
2 70% 159 331.17 142.41
3 90% 19.9 414.48 142.41
4 110% 23.9 497.79 142.41
5 130% 28.9 606.10 142.41
3.4 Fatigue Testing

Fatigue testing of JIS S45C steel used the rotary fatigue
test equipment. The fatigue strength result of JIS S45C steel
with the fatigue S-N is shown in Figure 8. The formula of cycle
(N) was time (minute) multiplied by motor rotation (rpm). The
result of the cycle value for specimens one to 5 can be seen in
Table 4.

Table 4: The fatigue test results in each specimen

1 0,
Data Specimen Mz)e(n(s]\l/(l)ga) L;)iae(i dA) Cycle (N)
Specimen 1 295.63 50% 1,869,795,460
Specimen 2 383.98 70% 495,119,800
Specimen 3 458.69 90% 22,144,683
Specimen 4 535.65 110% 363,581
Specimen 5 637.89 130% 4,883

3.5 Approach Using Joseph Marin

The Joseph Marin was one of the pioneers in the collection,
development, and dissemination of material on the failure of
engineering elements since 1952 [22]. Fatigue failure is caused
by the formation and propagation of cracks [23]. Fatigue
cracking is usually begun at a discontinuity in the material
where the maximum cyclic stress [24-26], in Joseph Marin's
approach first determined the fatigue force fraction f, of Sut.
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Figure 8: S-N curve result of testing experiment
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Figure 9: Fatigue strength fraction of

For actual mechanical components was reduced to Se,
which value of less than 0.5 Sut. The recommendation f value
was found from Figure 9. Equations (a) and (b), for actual
mechanical components, can be written in the following form:

_ ':.Fi'ht:'z
T s, (5)

b=1/3108(%) ©)

Where N was the cycle to failure and the constants a and b
were determined by points 103 and 106, the number of cycles
to failure can be expressed by the following equation:

1r
Oz Sf =, N* =N (%) )

a

Based on Joseph Marin's equations (5), (6), and (7) with a
tension of 295.63 MPa for specimen 1, then was obtained the
cycle (N) of 76.136.711. Hence, the cycle was calculated the
same way for specimens two to 5. The cycle value of the
manual calculation of Joseph Marin's equation can be seen in
Table 5. The comparison between the experimental S-N curve
and Joseph Marin's equation value is shown in Figure 10.
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Table 5: The manual calculation result of cycle used the Joseph
Marin's equation

No Tension (MPa) Cycle
1 295.63 76,136,711
2 383.98 1,975,971
3 403.00 1,005,943
4 458.69 165,033
5 535.65 18,919
6 637.89 1,650
7 661.00 1,004
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Figure 10:1 The result of the experimental S-N curve
versus Joseph Marin's approach

The results of the approach using Joseph Marin’s equation
showed that the more significant load acting on the specimen
can accelerate the fatigue life. The smaller the tension on the
specimen, the higher the fatigue life. The results shown on
specimen 1 with a tension of 295.63 MPa with 76,136,711
cycles. The tension of 637.89 MPa showed the results of 4,883
cycles. The endurance limits with a cycle of 1,005,943
obtained at a tension of 403 MPa. It is also supported by the
experimental test result, which showed a tension on specimen 1
of 295.63 MPa, a result of 1,869,795,460 cycles. Specimen 5
has a working tension of 637.89 MPa, showed a result of 4,883
cycles, and obtained endurance limits at a tension of 458.69
MPa with a cycle of 22,144,683. It shows the endurance limits
results both in the approach using the Joseph Marin’s equation
and experiments revealed below the yield strength value of JIS
S45C steel.

4.0 CONCLUSION

This paper aims to develop rotary fatigue test equipment. The
rotary fatigue test equipment was improved by changing
manual components to digital in motor rotation measuring
instruments (rpm), time (minutes), arm loading systems, load
counters, and automatic stop systems. The control system used
an Arduino Atmega 328 microcontroller. The data generated
for fatigue testing is displayed on the LCD screen. The rotary
fatigue test equipment was examined for fatigue testing for the
JIS S45C material specimen. JIS S45C steel, with a yield
strength of 500.86 MPa and an ultimate tensile strength of
806.39 MPa, was used as a test specimen to prove the
performance of rotary bending fatigue test equipment. The
fatigue test resulting from the JIS S45C steel has a high cycle

fatigue with a cycle of 22,144,683, at a load of 90% of the
yield tension or a working tension of 458.69 MPa. The test
results and fatigue test calculations of the JIS S45C specimen
show that a minor tension can produce a larger fatigue limit,
and finally, the test specimen would break. Vice versa at
greater tension, resulting in smaller fatigue limits. The infinite-
life region or fatigue strength based on Joseph Marin's equation
was revealed to be lower than experimental testing. Therefore,
the JIS S45C steel, when receiving large enough loads
repeatedly, will fail faster.
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