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ABSTRACT 

 

DESIGN AND IMPLEMENTATION OF A FATIGUE TESTING 

MACHINE FOR WELDED PARTS 

 

ÇELEBİ, Gizem 

M.Sc., Department of Mechanical Engineering 

Supervisor: Prof. Dr. Can ÇOĞUN 

 

January 2020, 45 pages 

 

In this study, the design, manufacturing and implementation steps of a fatigue test 

machine for the welded parts of the BOZANKAYA Inc. was given. Fatigue 

experiments were performed to test the designed machine by using different welded 

parts of BOZANKAYA Inc. busses. The S-N and log(S-N) curves were plotted by 

using the fatigue test results obtained.The welded parts with different geometry and 

size can be tested successfully by using the machine.  

 

Keywords: Fatigue Bending Test Machine, Welded Parts. 
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ÖZ 

 

KAYNAKLI PARÇALAR İÇİN YORULMA TEST CİHAZI TASARIMI VE 

UYGULAMASI 

 

ÇELEBİ, Gizem 

Yüksek Lisans, Makine Mühendisliği Anabilim Dalı 

Tez Yöneticisi: Prof. Dr. Can ÇOĞUN 

 

Ocak 2020, 45 sayfa 

 

Bu tez çalışmasında, BOZANKAYA A.Ş. bünyesinde bulunan kaynaklı parçalar için 

yorulma test cihazı tasarımı, imalatı ve uygulama aşamaları sunulmuştur. 

BOZANKAYA A.Ş tarafından üretilen otobüslerin kaynaklı parçalar kullanılarak, 

tasarlanan makinenin test edilmesi için yorulma deneyleri gerçekleştirilmiştir. Elde 

edilen yorulma test sonuçları kullanılarak S-N ve log(S-N) eğrileri çizilmiştir. Farklı 

geometri ve ebatlara sahip kaynaklı parçalar yorulma test makinesi kullanılarak 

başarıyla test edilebilmektedir. 

 

Anahtar Kelimeler: Yorulma Eğme Test Makinesi, Kaynaklı Parçalar. 
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CHAPTER 1 

1. INTRODUCTION 

 

1.1 Bending Fatigue 

 

Fatigue is called a crack or tear that occurs on the surface of a part as a result of 

repeated different loads and vibrations. Fatigue tests are performed by axial loading 

or bending and as a result, tensile and compressive stresses occur. The bending 

process continues until the material is fatigued. The number of cycles (N) before the 

material breaks are recorded and plotted against the bending stress (S). The nominal 

S-N curves are obtained from the fatigue test data, mainly from axial and bending 

tests [1, 2]. 

Fatigue test machines are used to test the durability and life of the material to be 

tested. A wide variety of machines are used for the fatigue test process. Although the 

machines used in the fatigue experiment are very diverse, these machines can be 

mainly categorized in four groups based on the type of stresses they apply to the 

sample: 

Machines applying; 

1) Axial pull-push stress, 

2) Bending stress, 

3) Torsion stretching, 

4) Compound stresses. 

The most commonly used machines in these groups are the ones that apply bending 

stress whose operating principle is simple. The ones that apply planar bending stress 

are often used for flat products. The type and size of the sample to be used usually 

depends on the type, capacity and size of the machine [3]. The fatigue testing machines 

are classified according to the purpose of the test, load-forming mechanism, material 

characteristics, type of stress created in the cross-section and loading mode.
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Common types of fatigue testing are as follows [4]; 

1) Rotating Bending Fatigue Test (Figure 1), 

2) Four Point Bending Fatigue Test (Figure 2), 

3) Resonant Bending Fatigue Test (Figure 3), 

4) Axial Fatigue Test (Figure 4), 

5) Repeated Bending Fatigue Test.  

 

 

 

Figure 1: Rotating Bending Fatigue Test Machine [5] 
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Figure 2: Four Point Bending Fatigue Test Machine [6] 

 

Figure 3: Resonant Bending Fatigue Test Machine [7] 
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Figure 4: Axial Fatigue Test Machine [8] 

 

1.2 Welding Life Tests 

 

In order to increase the quality level in welded manufacturing and to keep this level 

constant, it is necessary to apply testing methods. The welded parts must be 

subjected to non-destructive and destructive tests requested by the end user [9]. 

 

1.2.1 Destructive Weld Testing 

 

Destructive tests are examination methods to determine the resistance and 

endurance against permanent shape changes [10]. 
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Types of destructive weld testing [12]; 

1) Tensile Test 

2) Bend Test 

3) Hardness Test 

4) Notch Impact Test 

5) Macro Etch Testing  

 

Tensile test is the most commonly used destructive material inspection method. 

Tensile tests are indispensable in the standards and it is quite inexpensive compared to 

other tests. Tensile test is used to determine the mechanical properties of materials. 

The tensile test is applied to identify the relationship between the strength of the 

welded joint and the strength of the base material used. With the tensile test, the 

maximum load, yield strength, tensile strength and percentage elongation 

characteristics of the sample can be determined [14]. 

Bend testing is used to measure the behavior of materials against bending forces. The 

bending test is used to determine ductility in butt welding and discontinuities at the 

weld main material interface. The purpose of the bending experiment is to determine 

whether the regions exposed to the bending moment of the welded region are suitable 

for the projected static dynamic calculations and the main material [9]. 

Hardness test is used to observe the change of hardness of the material after welding. 

Resistance of a material against a deformation is called hardness. Hardness is a test 

based on experience and it is not a material property [11]. According to EN 1043-1, 

samples taken from the main material, heat-affected region and the welding metal are 

tested for hardness with HV10 load [9]. 

Notch impact test is used to measure the impact strength of welded materials at a 

specific temperature. Alternating materials tend to show fragility at low temperatures. 

For this reason, the welded material is required to give a certain toughness values at 

the tested temperatures. There are two types of notch impact tests, namely, Charpy and 

Izod. TS EN ISO 15614 uses Charpy notch impact testing for evaluation. Additionally, 

in Charpy notch as well as the Izod impact and pull impact tests, the measured amount 

is usually the energy absorbed while breaking the sample with a single impact [13]. 
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In Macro Etch testing, according to ISO 17639, the macro images of the samples which 

are cut out and prepared from the test piece are evaluated according to the same 

standard [9]. With this test method, throat height in corner welds, effective throat 

height, penetration in forehead and corner welds, and discontinuities (cracks, pores, 

melting deficiencies, etc.) can be determined [13]. 

 

1.2.2 Non-Destructive Weld Testing 

 

Non-destructive material inspection is the most important part of quality control and 

it is the complementary part of final production. This test method provides 

information about dynamic and static structures. During this procedure, materials are 

examined without causing damage so that the test piece can be reused after inspection. 

Error detection is performed with non-destructive testing method during the 

production of materials or after a certain period of use for reasons such as corrosion 

or wear cracks, internal structure of the gap, sectional reduction. In these processes, 

there is no need to take any samples from the materials. Tests are performed directly 

on the workpiece. Thus, 100% inspection of parts can be performed [14]. Non-

destructive testing methods are applied in different ways, with various physical 

principles. The method to choose is determined by the type of material being 

examined and the type of error being sought.  

The methods used in non-destructive testing can be listed as follows [14]: 

1) Visual Inspection, 

2) Liquid Penetrant Inspection, 

3) Eddy Current Inspection, 

4) Magnetic Particle Inspection, 

5) Ultrasonic Inspection, 

6) Radiographic (X-Ray) Inspection. 
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CHAPTER 2 

2. PURPOSE 

 

In this study, 

• A bending fatigue testing machine was designed, manufactured and 

implemented for welded parts of Bozankaya Inc. busses, 

• Some critical welded parts of the busses was selected for fatigue tests, 

• Stress calculations of a tested parts were completed and a life-stress diagram 

(S-N) had been constructed. 

 

By means of the constructed device, not only critical parts but also any welded parts 

can be tested with the fixture designed for this purpose in this study. In addition, 

Bozankaya Inc. owned a new fatigue tester to test its welded parts. 
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CHAPTER 3 

3. THEORY 

 

The simultaneous effect of cyclic stress, tensile stress and plastic stress refers to fatigue 

fracture. One of these three must be present for the initiation and spread of fatigue 

cracking [1]. ASTM standards define fatigue as “a condition caused by variable stress 

and shape change in a material in certain region or regions, resulting in cracks or 

breakages after a certain number of loads.” In the event of fatigue, cracking usually 

begins with a notch at the surface, a scratch, a capillary crack, or the regions where 

sudden cross-sectional changes occur. Figure 5 shows fatigue damage due to a 

torsional load. The following three main factors are usually required for crack 

formation [16]. 

1) A sufficiently high maximum tensile stress, 

2) Fairly wide variation or fluctuation of applied stress, 

3) A sufficiently large number of repetitions of applied stress. 

 

This can be counted in a large number of side factors besides main factors. Surface 

quality, corrosion, temperature, overload, permanent internal stresses, compound 

stresses, voltage concentration, frequency, microstructure are among examples [15]. 
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Figure 5: Fatigue Damage Due to Torsional Loading [17] 

 

In Europe, in the beginning of the nineteenth century, fatigue damage was noticed by 

Wöhler. Wöhler recorded the number of cycles on which the sample was based against 

the constant stress value for many samples and created the S-N curve, which is still in 

use today (Figure 6). For each type of material and working conditions, fatigue tests 

are performed and a Wöhler curve is obtained. Thus, the fatigue life or the fatigue 

resistance of materials can be determined in advance. 

 

 

Figure 6: S-N Diagram (Wöhler) [18] 

 

3.1 Basic Concepts of Metal Fatigue  
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Figure 7 shows the variation of stress causing fatigue over time and its basic 

parameters. 

Minimum Stress (σmin) 

The smallest stress among the applied stresses is called the minimum stress. 

Maximum Stress (σmax) 

The biggest stress among the applied stresses is called the maximum stress. 

Mean Stress (𝜎m) 

The mean stress is equal to the half of the total of the maximum and minimum 

stresses. 

 

𝜎𝑚 =
𝜎𝑚𝑎𝑥 + 𝜎𝑚𝑖𝑛

2
         (1)                              

 

Stress Range (𝜎r) 

The stress range is equal to the maximum stress minus the minimum stress. 

𝜎𝑟 =  𝜎𝑚𝑎𝑥 - 𝜎𝑚𝑖𝑛                  (2)                         

Stress Amplitude (𝜎a) 

The stress amplitude is equal to minimum stress minus the maximum stress divided 

by 2. 

𝜎𝑎 =
𝜎𝑚𝑎𝑥−𝜎𝑚𝑖𝑛

2
         (3) 

Stress Ratio 

The stress ratio is the minimum stress divided by the maximum stress. 

𝑅 =
𝜎𝑚𝑖𝑛

𝜎𝑚𝑎𝑥
          (4)  

Cycle 

The smallest part of the stress-time curve that is periodically repeated is called the 

cycle. 
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                 (a) 

 

 

          (b) 

Figure 7: Basic Concepts of Metal Fatigue (a) A typical stress-time curve 

(b)Tension/Compression Loading, Tension Loading [21] 

 

3.2 Types of Fatigue 

 

Fatigue types under dynamic loading are divided into two parts. 

1) High cycle (low strain) fatigue (HCF) 

2) Low cycle (high strain) fatigue (LCF) 
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3.2.1 The HCF 

 

Elastic deformation region is defined as HCF number of damage cycle (N)>105. In 

case of a long-life fatigue, where the yield is out, the tension amplitude and speed are 

controlled. The values of 𝜎𝑚𝑖𝑛 and 𝜎𝑚𝑎𝑥 are lower than the yield strength. This type 

of fatigue lives are comparatively long compared to the low cycle fatigue. HCF test 

can be realized under load controlled waveform (Figure 8). 

 

 

Figure 8: High Cycle (low strain) Fatigue (HCF) [22] 

 

 

3.2.2 The LCF 

 

Elastic and plastic deformation regions are defined as LCF number of damage cycle 

(N) <105 (Figure 9). The 𝜎𝑚𝑖𝑛 and 𝜎𝑚𝑎𝑥 values are higher than the yield strength. 

Unlike the high cycle fatigue, it is controlled by unit strain amplitude, not by tensile 

amplitude. 

https://tureng.com/tr/turkce-ingilizce/comparatively
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Figure 9: Low Cycle (high strain) Fatigue (LCF) [23] 

 

3.3 Fatigue Damage 

 

Fatigue damage occurs in the form of microcracks starting from the surface. Surface 

smoothness and resistance are important factors affecting the fatigue life. In addition, 

fatigue damage occurs as a result of a dynamic load exposure for a certain period of 

time. This time period varies depending on the type of the material, the quality of the 

surface and the size and frequency of the dynamic load. Fatigue cracks are inevitable 

in the process of use. Fatigue can be caused either by notches, sharp corners, 

indentations, protrusions and similar surface defects that disrupt surface smoothness, 

or residues, capillary cracks, sharp-tipped sediments and particles that disrupt 

uniformity within the internal structure. 

Fatigue damage mechanism includes three different stages (Figure 10): 

1) Crack Formation, 

2) Crack Propagation,  

3) Fatigue Fracture (Catastrophic rupture). 
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Figure 10: Typical Fatigue Fracture Surface [24] 

 

3.3.1 Crack Formation 

 

There are microcracks in brittle materials. If there is enough stress built up at the 

end of the microcrack, the microcrack advances and fracture occurs. Fatigue 

cracking is most likely to occur on the surface of the part since the stress reaches 

the maximum value on the surface. The roughness on the surface of materials acts 

as a notch, forming stress conglomeration (Figure 11a). Even if there is not a 

geometric shape to make a notch effect in ductile metals and the surface is bright 

enough to have no roughness, the material gets tired again. With the applied stress, 

dislocation movements occur on the surface grains of the metal. Due to this 

slippage, roughness occurs in the material, and this roughness has a notch effect 

again (Figure 11b) [24]. 

            

(a)                                                               (b) 

Figure 11: Fatigue Crack Initiation [21] 
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3.3.2 Crack Propagation 

 

Stress must be sufficient for the progression of the crack. Otherwise the material is 

not fatigued. If the stress is large enough to allow the crack to move forward, the 

crack advances and reduces the load-bearing section of the part. This progress often 

continues to develop in grains by making an angle of 45° to the axis of the stress 

acting on the part. The crack formed as a result of the stress begins to move 

perpendicular to the direction of the stress and stable crack progression happens 

(Figure 12). Stress agglomeration in the material is effective in the process of starting 

the crack. The fracture toughness properties of the material gain importance during 

the fracture growth and fracture process [24]. 

 

Figure 12: Fracture Progress in the Perpendicular Direction [25] 

 

3.3.3 Fatigue Fracture 

 

When the section shrinking with the fracture progression becomes unable to carry the 

applied stress, the material is broken suddenly. The surface passes through certain 

stages before breaking of material. Figure 13a shows the stages of a fatigue fracture. 

In Figure 13b, the image of this fracture is shown under Scanning Electron Microscopy 

(SEM). Fatigue fracture can cause a major damage, as no change in the material can 

be observed and the presence of the crack cannot be understood before fatigue fracture 

occurs. 80% of the fatigue damage is caused by mechanical damage. The fracture 
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surface consists of two fatigue regions. The crack propagation zone is bright while the 

suddenly breaking surface is rough [24]. 

 

 

 (a) 

 

(b) 

Figure 13: Fatigue Fracture (a) Surface of a Fatigue Fracture [30] (b) SEM Images of 

Fatigue Fracture [26] 

 

3.4 Fatigue Life Calculation Methods 

 

The three most commonly used methods are as follows. 

● S-N (Stress-Life) 

● ε -N (Strain-Life) 

● Linear Elastic Fracture Mechanic (Crack Propagation) 
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3.4.1 S-N (Stress-Life) 

 

German scientist August Wöhler developed the S-N curve. The S-N (Wöhler) Curve 

shows the plot of a stress (S) against the number of cycles to failure (N) (Figure 6 and 

14). This diagram gives the relationship showing how many cycles the material will 

crack or break under different constant stresses. The loading continues until the parts 

break. The S-N curve is generally accurate for lifetimes longer than 1000 cycles. The 

factor affecting the results in the S-N curve is not the application speed, but the number 

of cycles. In Figure 15, both stress and the number of cycles are shown in logarithmic 

or linear scales. The ordinate, which is the stress axis, is generally linear, and in some 

cases the logarithmic scale is used [27]. 

 

 

Figure 14: S-N Curve-Linear Scale [28] 
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Figure 15: S-N Curve-Logarithmic Scale [27] 

 

Plastic, Elastic and Infinite Life Zones 

The plastic region, the elastic region and the infinite life regions are located in the S-

N curve (Figure 16). 

 

 

Figure 16: Tensile Stress, Yield Stress and Endurance Limit on S-N Curve [29] 

 

Ultimate Strength: As can be seen in Figure 16, 100 is the maximum stress point that 

the materials can withstand. 

Yield Strength: The yield strength refers to the separation point of the elastic and 

plastic regions. 

Endurance Limit: The endurance limit refers to the cycle of 106 [29]. 
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Infinite Life 

The infinite life region is suitable for the design of critical parts such as engine 

crankshaft and arms (Figure 17). Cyclic stress levels that a part is subject to should be 

below the fatigue limit to obtain an infinite life. The infinite life (N> 106~7) is 

dependent only on the number of stress cycles. In this case, the assumption is that 

corrosion and other factors do not exist [29]. 

 

Figure 17: S-N Curve-Infinite Life Zone [29] 

 

 

Elastic Region 

Elastic deformation is defined as the change in shape that varies in proportion to stress. 

This region called the “High Cycle Fatigue” region is shown in Figure 18. The slope 

of this part is linear in the stress-strain curve and corresponds to the modulus of 

elasticity E. In the case of an application and removal of a loop, the material takes it 

original shape or length back. Residual stress and geometric factors are among typical 

factors affecting the performance of a material. 
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Figure 18: Elastic Region [29] 

 

Plastic Region 

Plastic deformation is a permanent one and the material in the plastic region is 

subjected to high stress which causes change of shape in the material. This region 

called the “Low Cycle Fatigue” region (Figure 19) as low numbers of stress cycle can 

cause a failure of the part at high amplitude. This zone is also called the high stress 

and low number of cycle.  

 

Figure 19: Plastic Region [29] 
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CHAPTER 4 

4. EXPERIMENTAL STUDIES 

 

 

4.1 Test Machine Design 

 

In this study, a fatigue test machine for welded parts is designed and manufactured. 

The purpose of this thesis was to test the fatigue life of materials with this test 

machine. Prior to designing the machine, other fatigue test machines available in 

the market were examined. During the design stages of the machine, working 

parameters were determined as an input of the design. Firstly, the working 

principles of the system, hydraulic power unit capacity, hydraulic cylinder 

diameter, electric motor power and electric motor operating speed were 

determined. Another criterion of the study was the space that the test machine 

occupies in addition to all the other parameters mentioned. Prior to designing the 

fatigue test machine, it was predicted that it would be exposed to high levels of 

vibration during the study. In order to prevent this vibration during the tests, the 

body was constructed from the profiles and mounted on a thick steel plate base.  

 

4.2 Test Equipment Characteristics 

 

The fatigue test machine is shown schematically in Figure 20. The machine consists 

of a hydraulic power unit, a hydraulic piston, an adjustable hydraulic piston mounting 

plate, an inductive sensor, a vise and an electrical control panel. The manufactured test 

machine is shown in Figure 21. 

The working principle of the test machine is as follows: 

A hydraulic piston is used to apply the force to samples. A 380 V electric motor (1,5 

kW) drives the pump of the hydraulic system. The force can be applied in a range of 
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3000N-12000 N. 3 strokes/s can be accomplished by the hydraulic piston and servo 

valves. The system is controlled by PLC control unit and inductive sensors are located 

at the back of the sample. These sensors generate a magnetic field in the detection 

range. Any metal that approaches that field, affects the field. The sensor sends a signal 

to the PLC control unit when the sample is broken or cracked (i.e. excessively 

deformed), which shuts down the power of the system. Number of cycles (N) is found 

by counting the signals sent to the PLC control unit from sensors. After the sample is 

broken, the counting stops. The control panel monitor shows the N. The touch pad on 

the electrical control panel is used to set the force transferred to the hydraulic cylinder. 

The following precautions were taken to overcome the vibration during the operation 

of the machine; 

• The table (1600x700 dimension) made of 15 mm sheet metal was 

supported with a 120x80x4 steel profile legs (Figure 20 and 21). 

• An adjustable hydraulic piston mounting plate (Figure 20 and 21) 

was designed to apply the load to the desired position of the sample 

part to be tested. 
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Figure 20: Fatigue Testing Machine Schematic Drawing 

TABLE 

LEG 
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Figure 21: The Fatigue Testing Machine 
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4.2.1 Hydraulic Power Unit 

 

The force is applied to the welded area by means of hydraulic power unit. High 

operating pressures are easily achieved due to the non-compressibility of liquids in 

a hydraulic system. Moreover, hydraulic systems are easily controlled during the 

operation. Hydraulic power unit consists of a tank, a pump, a motor, a filter, the 

safety valves, heaters and coolers, indicators and valve blocks (Figure 22). An 

electric motor (IE2 type) was used in the hydraulic power unit. IE2 type motor 

provides high efficiency operation as well as energy saving because of its high 

efficiency. The technical specifications of the electric motor are shown in Table 1. 

The hydraulic piston performs 3 strokes/s motion. The maximum applied force is 

12000 N.  

 

 

Figure 22: The Hydraulic Power Unit 
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Table 1: Electric Motor Characteristics of the Fatigue Machine 

Electric Motor Technical Specifications  

Voltage (V) 380 

Frequency (Hz) 50 

Power (kW/HP) 1,50/ 2,00 

Rotational Speed (rpm) 1430 

Efficiency Class IE2 
 

 

4.2.2 Electric Control Panel 

 

The PLC control circuit was used to record the voltage cycles during the test. It also 

controls the load to be applied by the user. The selected controller is compatible 

with the proximity sensor. The electrical wiring diagram and the Electric Control 

Panel are shown in Figure 23 and Figure 24, respectively.  
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Figure 23: Electrical Wiring Diagram of the System 

 

               

Figure 24: Electric Control Panel 
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4.2.3 Inductive Sensor 

 

The inductive sensor (Figure 25) detects the presence of near objects without any 

physical contact. This situation makes it resistant to abrasion or contamination. The 

sensor is located just behind the welded seam of the part to be tested. The sensor is 

fixed to the device by means of a metal stabilizer. The sensor creates a magnetic field 

at detection distances when the system breaks or deforms the part. 

 

 

Figure 25: Inductive Sensor  

 

4.2.4 Adjustable Hydraulic Piston Mounting Plate 

 

The fixing of the hydraulic cylinder is an important issue in the design phase of the 

fatigue test machine. The force transferred from the hydraulic cylinder must be 

directed correctly to the sample to be tested. The system was subjected to high 

vibration during operation. So, a special design was made and implemented for the 

hydraulic cylinder (Figure 26). The body of the hydraulic cylinder is fixed to the 

mounting plate with bolts. The height of the hydraulic cylinder can be adjusted by 

relocating the bolt positions of the mounting plate (Figure 26b) according to the 

size and geometry of the part. The design is fixed to the table with two supports 

which also minimizes the vibration of the mounting plate (Figure 26c).  
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(a) 

 

       

(b)                                                            (c) 

 

Figure 26: Adjustable Hydraulic Piston Mounting Plate (a) 3D Design (b, c) The 

Manufactured System (Side and Front Views)  

MOUNTING 
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4.2.5 Vise 

 

In the fatigue testing machine, a mechanical fixing device (vise) was used for 

clamping the samples (Figure 27). The vise was mounted to the table so that the 

specimen would be fixed tightly to the testing machine. The material of the vise was 

1040 steel and the vise was capable of fixing different size and geometry of sample 

parts. 

             

(a)                                                                                                               (b) 

Figure 27: The Vise (a) Top View (b) The Vise with a Fixed Sample 
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CHAPTER 5 

5. TESTING OF THE MACHINE 

 

 

5.1 Description of the Part and the Used Welding Parameters 

 

In this study, some welded test pieces produced by BOZANKAYA Inc. were used in 

testing of the machine. 

The steel sample to be tested consisted of three pieces that were welded to each other 

(Figure 28). The material specifications and mechanical properties of these pieces and 

welding wire are presented in Table 2.  

 

   

(a)                                                                              (b)                                     

Figure 28: The Sample Part Used in the Tests 
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Table 2: Material Specification of the Sample and Welding Wire 

USED MATERIALS 
MATERIAL 

SPECIFICATION 

TENSILE 

STRENGHT 

(MPa) 

YIELD 

STRENGHT 

(MPa) 

THE FIRST PIECE 

Plate S355MC-

ENTZ 

8X1500X3000 

430 355 

THE SECOND PIECE 
Plate St52-3N 

20X1500X6000 
490 335 

THE THIRD PIECE 

Plate S355MC-

ENTZ 

8X1500X3000 

430 355 

WELDING WIRE St37  360 235 

 

A total of 10 samples were used in the tests to realize the performance of the testing 

machine (Figure 29). These samples were welded by using the same welding machine, 

the welding wire, the operator and the welding parameters. 

 

 

Figure 29: Welded Samples for Fatigue Testing 

The MIG (Metal Inert Gas) welding technique was used for welding the parts (Figure 

30). The welding current and voltage were set to 180 A and 21.6 V, respectively. The 

selected set values were the commonly used ones in welding of such parts in the 

company. 
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Figure 30: The MIG Welding Machine  

 

5.2 Testing Procedure 

 

The steps followed during the tests are given below; 

● The welded samples were fixed to the vise.  

 

● Different load values (3000N-12000N) for each sample were entered by means 

of the control panel. The “start” button was pressed to establish the connection 

between the tester and the computer. 

 

● The hydraulic piston exerted the set load to the predetermined position 

of the sample (25 mm away from the weld line). The system 

automatically shut down itself when a break or excessive deformation 

of the sample took place during the test. 

 

● The number of cycles (N) until the fracture/failure was read and recorded 

from the connected computer. The applied loads (F) and corresponding N 

values until fractures are given Table 3. 
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Table 3: Fatigue Test Results of the Specimens 

SAMPLE 
NO 

APPLIED FORCE, V 
(N) 

NUMBER OF 
CYCLES, N 

SHEAR STRESS, 𝝉, 
(MPa) 

1 12000 6470 207,6 

2 10000 8233 173,0 

3 9000 11261 155,7 

4 8000 20109 138,4 

5 7500 29249 129,7 

6 7000 33081 121,1 

7 6000 58379 103,8 

8 5000 125633 86,5 

9 3500 677658 60,4 

10 3000 3012546 51,9 

 

 

5.3 Stress Calculations for the Tested Sample 

 

The dimensions of the tested sample (Figure 28) and load values are as follows; 

 

● t = 0,707*(4,5) mm 

● b = 115 mm 

● l = 25 mm 

● d=8 mm 

● V = 3000 N, 3500 N, 5000 N, 6000 N, 7000 N, 7500 N, 8000 N, 9000 N, 1000 N, 

1200 N (Table 3) 

The schematic representation of the loading geometry used in stress calculation is 

shown in Figure 31. 
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Figure 31: Fillet Welds under Primary Shear and Bending Load (t = weld width, mm, b 

= weld length, mm, l = lever arm length, mm, d=plate thickness, mm, V = applied force, 

N, τ = shear stress, MPa) [31] 

 

 

The stress formulation used in the calculations is given below. 

 

Primary shear stress (τ′); 

 τ′= 
V

A
                (5)              

Cross sectional area of the weld line (A);      

A=0,707.b.t 

Unit second moment of area of weld line (Iu); 

Iu=
bd2

2
.
1

2
                                                                                                              (6)              

Moment of inertia of the weld line (I);                                                                 

I=0,707. h.Iu = 0,707. h.
b.d2

4
                                                                              (7) 
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Normal stress (τ′′); 

τ′′=
M.c

I
 = 

M.
d

2

I
                                                                                                      (8) 

M= V. L                                                                                                            (9) 

Here, M is the bending moment and c is the distance to neutral axis. 

Bending shear stresses (τ); 

τ = √τ′2 + τ′′2                                                                                                 (10) 

 

A sample calculation for 12000N load is as follows; 

 

τ′= 
V

A
 =

12000

0,707.4,5.115
 = 32.8 MPa 

 

Iu=
bd2

2
.
1

2
 = 

115.82

4
= 1840 mm3 

 

I=0,707. h.Iu = 0,707. h.
b.d2

4
=0,707. 4,5.1840= 5854 mm4 

 

M=V.L=12000.25= 300000 N.mm 

τ′′=
M.c

I
 = 

M.
d

2

I
 = 

300000.
8

2

5854
= 204.9 MPa 

 

τ = √τ′2 + τ′′2 =√32,82 + 2052= 207.6 MPa 
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5.4 Test Results 

 

After the experiments were completed, a fracture analysis was performed for broken 

surfaces by means of optical microscopy (LEICA EZ4) with x10 magnification. The 

images of a broken sample and its failure surface are shown in Figure 32. It was 

observed that the failure took place at the weld line material of the specimens. As 

shown in Table 3, the strength of the welding material was reduced under repeated 

loads and breaks were formed in stresses (207.6-51.9 MPa) far below the ultimate 

tensile strength (UTS) of the welding material (360 MPa). Fatigue fracture that occurs 

under repeated loads started from locations where the tension was intense.  

             

(a)                                                                (b) 

Figure 32: Test Results (a) A Fractured Sample (104 MPa) (b) Optical Image of a Failed 

Weld Region (“x10” Magnification) 
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Table 4: Fatigue Test Results of the Specimens 

SAMPLE 
NO 

APPLIED FORCE, V 
(N) 

NUMBER OF 
CYCLES, N 

SHEAR STRESS, 𝝉 
(MPa) 

1 12000 6470 207,6 

2 10000 8233 173,0 

3 9000 11261 155,7 

4 8000 20109 138,4 

5 7500 29249 129,7 

6 7000 33081 121,1 

7 6000 58379 103,8 

8 5000 125633 86,5 

9 3500 677658 60,4 

10 3000 3012546 51,9 

 

 

The S-N diagram obtained from the tests is presented in Figure 33 while V, 𝜏 and N 

are given in Table 3. It was observed that the curve became less slopy and an infinite 

fatigue life was almost obtained after a certain stress interval by lowering the stress 

value.  
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Figure 33: Stress-Strain Diagram Obtained from Fatigue Test 

 

In order to find the 𝑆𝑒 (endurance limit) and the corresponding N value of the tested 

welded specimen, the logarithmic axes (log (S-N)) were introduced. The logarithmic 

S-N graph (Figure 34) yielded the 𝑆𝑒 of about 55 MPa at about 1.106 cycles. This 

number of cycles nearly corresponds to 140 shocks (loading) per day for the tested part 

for 20 years of service life of the bus which can be considered as a reasonable value 

for the rough road conditions. In Figure 34, the descending tendency of the curve even 

after 55 MPa yielded the need of lower loads than 3000 N to be sure of infinite life 

region (i.e. Se value) of the welding material, although, 1x106 cycle, infinite life, was 

reached at this stress level. Moreover, the log (S-N) curve in Figure 34 indicated the 

need of higher load (V) than 12000 N to obtain shorter life (i.e. to reach the UTS of 

the material) noting that calculated 207.6 MPa stress is lower than wire material UTS 

of 360 MPa. Unfortunately, the hydraulic pressure and piston diameter weren’t 

sufficient for exerting the loads above 12000 N. 
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Figure 34: Endurance Limit in log (S-N) Diagram 

 

 

The plastic, elastic and infinite life regions of the log (S-N) diagram, whereas 

theoretical background (Section 3.4.1) was presented in Figure 35. As seen from the 

figure, the region with N less than 104  cycle is interpreted as the plastic region, where 

as the regions between 104 and 106, and above 106 are interpreted as elastic and 

infinite life regions, respectively. The log (S-N) graph (Figure 35) yielded the 𝝈𝒚 of 

about 156 MPa at about 11000 cycles, pointing out the turning point of the elastic and 

plastic regions, whereas the actual 𝝈𝒚 of the welding material was 235 MPa. In this 

study, the plastic region of the log (S-N) curve couldn’t be obtained precisely since the 

testing machine was not capable to exert loads higher than 12000 N (or stresses above 

207.6 MPa). The UTS point of the welding material (360 MPa) was supposed to be 

reached at 21000 N load with 1 cycle (one stroke) in the log (S- N) curve. However, 

in Figure 35, 300 MPa value was reached by extrapolating the 173 and 207.6 MPa 

stress points towards the log S axis. 
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Figure 35: Plastic, Elastic and Infinite Life Regions
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CHAPTER 6 

6. CONCLUSION 

 

In this study, a bending type fatigue testing machine was designed, manufactured 

and implemented for the welded parts of BOZANKAYA company.  

The machine was hydraulically actuated and provided 3 strokes(hits)/s at a range 

of 3000-12000N force. The control unit was capable of setting loads as well as 

monitoring the number of cycles until failure. The adjustable mounting plate of the 

hydraulic piston and vise enabled the force application at the desired position of 

the specimen and mounting of various size and geometries of the parts for testing.  

The performance of the machine was tested by using specimens welded at 

BOZANKAYA company with the MIG (Metal Inert Gas) welding technique at 180 A 

and 21.6 V welding parameters. The specimens failed at their welding lines (welding 

material) and optical microscope images verified the shear failure of the specimens 

under cyclic shear force loading. The plotted log(S-N) diagrams yielded  𝑆𝑒 (endurance 

limit) of 55 MPa at about 1.106 cycles whereas 6470 cycles were experienced until 

failure at the maximum applied load of 12000 N. The elastic, plastic and infinite life 

regions of the plotted log(S-N) diagram were also presented. The log (S-N) curve 

plotted indicated the need of loads above 12000 N and below 3000 N to get precise 

plastic and infinite life regions as well as ultimate tensile strength and Se values of the 

welding material of the specimens. Nevertheless, the test results indicated the 

acceptable performance of the machine for testing the welded parts in the company. 
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