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ABSTRACT: The surface modification is an important technique for maintaining the relatively favorable 

mechanical properties of surface properties and corrosion resistance.  Surface shot peening technique (SPT) is 

applied on the medium carbon steel (CK 50) to increase its hardness under the influence of fatigue-corrosion. 

The fatigue strength of the medium carbon steel (CK 50) was estimated for several cases, which are samples as 

received and samples after shot peening and samples after submerging them with a saline solution (36% MgCl2) 

according to (ASTM G36), for 30 days (corrosion media) and shot peening after the immersion process. All tests 

were conducted by means of rotating bending tests under constant stress amplitude and stress ratio (R = -1), and 

at room temperature. After testing, the fatigue strength increased percentage (15%) with the shot peening and 

the fatigue strength decreased by (16%) after submerging it with saline solution (corrosion media) and the 

fatigue strength increased by (13%) for the samples with the shot peening after submerging them with a saline 

solution. 
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INTRODUCTION 

In practice, many parts of machines and machines are exposed to thousands or may reach millions of Repeat 

Stress cycles. In general, the materials used in making these parts may fail when exposed to a certain number of 

repeated stress cycles even if the value of the maximum stress is much lower from the stress that causes it to 

break [1]. The emergence of the industrial revolution at the beginning of the year 1800 AD led to the emergence 

of rotating and repeating machines and equipment so that the moving parts that fail due to the repeated loads 

became very familiar. This phenomenon was observed when a railway project was designed and implemented 

by relying on static relations represented by Hooke's law and tensile tests where values were The stress tests for 

the minerals used in the project at that time are much higher than the actual stress values, i.e. by 1.5 as a safety 

factor. But after completing the design and putting these rails in service, they appeared after days of cracks in 

them and started to grow in some parts where the failure occurred. Therefore, designers resorted to studying this 

phenomenon in a large and deep way. Hence the phenomenon of fatigue, which was named by the French [2], 

and failure from repeated stress cycles is called fatigue failure [3].  

Fatigue is very general defect style and merits a significant care for the reason that it can cause injury on a 

material at a stress equal that is far less than the material’s design limit. Fatigue has been imputing with 

performance a Role in about 90% of all material fundamental defeats several segments of structural equipment 

by the materials are regarded to obtain cyclic loading and it is chief to actualize the fatigue quality of these 

materials [4], and then, it is also very significant to the advance of the fatigue strength for asserting in 

contradiction of the security and the reliability of the structural apparatuses. As the fatigue flaws generally start 

on the materials external, it is very valuable to make strengthening of surface film for the advance of the fatigue 

quality of the materials [5]. Corrosion fatigue definition is fatigue in a corrosive environment. An aggressive 

medium can be deleterious for fatigue life of structures and machines. The preservation against corrosion is very 

necessarily and designers must count corrosion in service not only in view of fatigue [6]. Corrosion fatigue is a 

mechanical degradation of a material under the two actions of corrosion and cyclic loading. Nearly all 

engineering structures expertise some form of alternating stress and risky to harmful environments during their 

service life.  

The environment plays a critical role in the fatigue of high strength structural materials like steel, aluminum 

alloys, titanium alloys, etc. [7]. Shot peening Technique (SPT) is a developed technology for preparing gradient 

structure with grain size varying from nanometer to micrometer without changing the overall chemical 

compositions of a metal. Shot peening involves repeating impact of the hard ball on the surface of the sample, 
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resulting in work hardening of the work piece surface due to severe plastic deformation and compressive 

residual stress in the surface area.  At this high strain rate, strong plastic deformation occurs, and shot peening 

produces an ultrafine grain structure in the surface region. The shot peening process forms a nano-scale grain 

layer on the surface of the alloy while introducing a large residual stress which has a positive effect on the 

corrosion resistance and crack initiation resistance of the work piece. Medium Carbon and alloy steel has been 

widely used in transportation, automobile and other industries due to its reasonably strong plasticity, desired 

machinability and weldability. Medium Carbon and alloy steels are usually limited by unsatisfactory strength, 

fatigue and corrosion properties. It has been proved that the nano structure has a positive effect on the hardness 

and fatigue properties of the materials. It has been proved that the surface hardness and fatigue properties of the 

material can be improved by surface treatment [8].  Shi et al reported that shot peening improved the corrosion 

resistance and fatigue properties of austenitic stainless steel [9].  

However, there are conflicting views on the corrosion behavior of structured layers on the metal surface. Qian 

Zheng’s observed that cracks were produced in the passivation film during shot peening, which leaded to the 

decrease of corrosion resistance [10]. The research aims to raise the efficiency of the metal chosen for study as 

one of the common metals used in engineering parts and improve its properties by increasing the surface 

hardness to withstand shocks, and the method of shot peening was chosen as one of the methods of surface 

hardening to obtain properties of the metal, and this method is a common method in order to provide its 

requirements and efficiency. The shot peening method was used to treat the damage caused by corrosion when 

the metal is exposed to harsh corrosive media. Shot Peening leads to the closing of the click and some short 

cracks and hinders its progress which improves the surface properties of the metal, especially fatigue strength. 

The surface has an important role in the life of the metal parts, especially the fatigue life, which is related to the 

generation and growth of cracks on the surface. Therefore, the surface hardening process plays an effective role 

in impeding the generation and growth of cracks, which leads to an increase in their life. This is what is required 

by many alloys that are exposed to vibration processes and aerodynamic forces on an ongoing basis, especially 

in vehicles. Vibrating parts in vehicles are prone to such cracks. The selection of medium carbon steel (CK50) in 

this research, which includes the manufacture of these parts, was done in order to obtain an ideal formula to 

reduce the impact of these parts being exposed to cracks. 

EXPERIMENTAL WORKS 

To achieve the aim of this study, many tests on specimens needed to be done and prepared as the following: 

 

Metal used 

The material used in this study is medium carbon steel (CK50), which was run on a programmed lathe (CNC) 

with the aim of obtaining high accuracy and then the surface of the samples was smoothed to get rid of the stress 

concentration areas. Figure (1) shows the standard dimensions of the sample used in fatigue by rotational 

bending tests according to ASTM 1823 [11]. Table 1 shows the chemical composition of the samples used. The 

mechanical properties of the metal are shown in Table 2. 

 

Figure 1. Standard of the fatigue sample as per ASTM 1823 [11]. 
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Table 1. Chemical composition of the metal used (medium carbon steel (CK50))  

Element % C Si Mn P   S Fe 

Standard[12] 0.47 – 0.54  0.15-0.35 0.6-0.9 ≤ 0.035 ≤0.035 Rem. 

Measured 0.5 0.3 0.8 0.029 0.023 Rem. 

Table 2. Mechanical Properties of the Metal Used (CK50)  

Fatigue Test Machine 

The machine of the fatigue test (Avery Type 7305) as shown in Figure 2. Which loaded stresses of the type of 

rotary bending, which are stresses of tension and compression at the stress rate (R= -1). 

 

Figure 2. Fatigue Test Machine 

Preparation tensile test specimens 

A number of tensile test specimens for inspection are equipped from medium carbon steel (CK50 by dimensions 

shows in Figurer 3 according to ASTM E8M by CNC Milling machine. 

 

Figurer 3. Tensile Test Specimen Dimensions [13]. 

Microstructure 

The microstructure of the medium carbon steel (CK50) is illustrated by the following stages: 

1- Smoothing was performed on fatigue test specimens after the operation process using Emery Papers or the 

so-called silicon carbide polishing paper with different grades of smoothness (ASM grades 220, 320, 400, 600, 

800, 1000,1200,2000). 

Mechanical Properties 𝝈𝑦𝑖𝑒𝑙𝑑(𝑴𝒑𝒂) 𝝈𝑢𝑙𝑡𝑖𝑚𝑎𝑡𝑒(𝑴𝒑𝒂)   RA% Hardness (HB) 

Standard[12] 427     767 14  225 

Measured 425     760 13  220 
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2- The polishing process was then carried out using an alumina solution with its own cloth to polish the surface 

of the test specimens with two degrees, the first was with a degree of smoothness (µ5) and the second with a 

degree of smoothness (µ3). 

3- Using diamond paste degree (µ1) then moderate degree (0.25  µ ). 

4- Use a demonstration solution consisting of hydrofluoric (HF), hydrochloric acid (HCI), nitric acid 

(HNO3), and distilled water. 

5- Depicting the microstructure with an optical microscope, the photos of the microstructure are shown in 

figure 4 below: 

 

Figure 4. The microstructure of medium carbon steel (CK50) as received 

The Shot Peening Device 

The Type (Shot Tum-blast control panel model STB-OB) shot peening device (as shown in figure 5) available at 

the Institute of Technology-Baghdad\ Middle Technical University aaccording to the following specifications: 

 

Figure 5. Shot peening device 

1 - The Metal balls type = Cast steel 

2 - Diameter of the balls = 6 mm  

3- Hardness of the balls = HRC50 

4 - The pressure used = 12 bar 

5 - Ball extrusion speed = 40 m / s 

6- The hardening time for all samples= 10 min 

7 - The distance between the exit of  

the balls from the device to the sample = 10 m. 

Shot peened technology (SPT) was accomplished after attaching the sample to a lathe spinning at a speed of (20 

RPM) and samples were struck with balls to ensure the hardening of the entire surface. The hardening time for 

all samples was (10 min) because any increase in time is more than that, and as indicated by many researches, 

gives the opposite results as cracks begin to appear, which leads to a decrease in the life of the samples 

[14,15,16]. As well was used scanning electron microscope (SEM) of type (50A - JEOL type JXA) for imaging 

of samples and high precision electronic scale. 
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Test solutions 

Standard corrosion solution was chosen to test the fatigue strength of magnesium chloride at a concentration 

(36% MgCl2) for 30 days, indicated in the American Standard Specifications (ASTM G36). This test solution 

was prepared by dissolving (360) grams of highly pure magnesium chloride per liter of distilled water. 

Test groups 

The test groups were divided into four groups according to the type of test used and according to Table 3. 

Table 3. Classification of Test Samples 

Group Number  Type of Test 

A 8 Dry without Shot Peening 

B 8 Dry with Shot Peening 

C 8 Corrosion without Shot Peening 

D 8 Corrosion with Shot Peening 

 

RESULTS AND DISCUSSION 

Stress - Number of Cycles Curve (S-N Curve) 

For the purpose of drawing the stress-number of cycles curve (S-N curve) of medium carbon steel (CK50) and 

as shown in Figure 6-10, the fatigue test was performed on eight groups of samples, the fatigue test was 

performed on eight groups of samples, each group consisting of three samples by loading a constant value of 

stress for each group and the value of the number of failure cycles for each sample was calculated , each group 

consists of three samples by shedding a constant value of stress for each group and calculated the value of the 

number of failure cycles for each sample, to give greater accuracy to the results obtained and to get rid of 

random behavior of fatigue samples. The same tests above were repeated for the same number of samples as 

they were tossed with the metal balls. The same tests were performed after submerging the samples with saline 

solution. After that, the corroded samples were tossed with the metal balls and tests were performed. The results 

were as follows:  

 

Figure 6. The Stress -Number of Cycles Curve (S-N curve) for CK (50) 

We notice from Figure 6 below that the fatigue limit and fatigue resistance of the metal increased with the 

process of metal ball throwing compared to the test performed without the shot peening process as shown in 

figure 7. This increment value was due to the exposure of the sample to a hardening process. The hardening that 

occurs to the surface impedes the development of cracks, and even if such cracks develop, it impedes their 

progress. The increase in fatigue limit with shot peening was limited (15%). 
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We note from the test in the saline solution (36% MgCl2) that it leads to a lower fatigue limit for the alloy 

compared to the test conducted under dry conditions as shown in figure 8. The value of this decrease is due to 

the immersion of these samples in the brine, which caused a corrosive effect on the samples. This effect helped 

to pits off the surface and thus cracks develop faster due to the combined effect of stress and corrosion. The 

continuous effect of this solution causes more pits and consequently, the formation of many cracks, and then the 

progression of these cracks increases faster. The decrease in the amount of fatigue limit reached (16%). 

The shot peening of corroded samples resulted in the termination and closure of pits caused by the saline 

solution and the creation of pressure pressures on the surface impeding the progression of the cracks as shown in 

figure 9.   The increase in properties did not return the samples to their original state due to the corrosive effect 

of the saline solution, which is carried out to distances inside the surface that the depth of the ejaculation cannot 

reach. The value of the increase was in fatigue limit (13%). 

 

Figure 7. The Stress -Number of Cycles Curve (S-N curve) for CK (50) 

The life curve equations of the results for all cases combined in figure 10 were reached using MATLAB and a 

better curve fitting method was as in table 4. Figure 10 illustrates shot peening effect on crack growth and the 

fatigue limit, where shot peening could inhibit the growth of fatigue cracks, resulting in a significant increase in 

the fatigue limit (increasing from 400 MPa to 470 MPa). This happens because shot peening can inhibit the 

initial crack. This causes a raise the fatigue limit which minimizes the crack propagation. Figure 10 also shows 

the shot peening effects on the crack propagation rate, where shot peening can inhibit the crack propagation rate, 

which is characterized by a smaller Paris constant Table 4, where the shot peening process affects of fatigue 

crack propagation. Shot peening gives the effect of slowing down the rate of propagation of fatigue cracks. The 

corrosive environment also affects the rate of fatigue crack. The saline solution also accelerates the rate of 

fatigue crack propagation. Shot peening is able to increase fatigue resistance by protecting metal surfaces from 

corrosion attacks. 
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Figure 8. The Stress -Number of Cycles Curve (S-N curve) for CK (50) 

 

 

Figure 9. The Stress -Number of Cycles Curve (S-N curve) for CK (50) 

 

Figure 10. The Stress -Number of Cycles Curve (S-N curve) for CK (50) 

Table 4. Shows the Fatigue Limit and Equations for all Tests 

Fatigue Equation Fatigue Limit Type of test 

𝜎𝑓 = 925 𝑁𝑓
−0.052 400 Dry without shot peening 

𝜎𝑓 = 882 𝑁𝑓
−0.039 470 Dry with shot peening 

𝜎𝑓 = 1052 𝑁𝑓
−0.071 335 corrosion without shot peening 

𝜎𝑓 = 996 𝑁𝑓
−0.059 385 corrosion with shot peening 

 

Corrosion Rate 

The corrosion rates for the tested samples were as shown in Table 5: 

We note the decrease in the corrosion rate with the shot peening, while this rate increased when submerged with 

brine, and decreased again when tossed samples corroded, with the shot peening. This is consistent with the 

results of the previously mentioned fatigue tests. 
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Table 5. Corrosion Rates for Samples 

Type of Test without shot 

peening 

with shot 

peening 

Corrosion without shot 

peening 

Corrosion with shot 

peening 

Corrosion Rate 

𝑚𝑔/𝑐𝑚2  ℎ 

0.0604 0.0413 0.0906 0.0724 

Fracture surfaces 

The fracture sections shown in figure 11 clarify a clear difference in the nature of crack growth for the four 

tested states, and they depend on the surface condition if it is under any external influences such as shot peening 

and corrosion. 

 

Figure 11. Fatigue Cracks for All Cases (500X) 

CONCLUSIONS 

The surface modification is an important technique for maintaining the relatively favorable mechanical 

properties of surface properties and corrosion resistance, shot peening technique (SPT) has been applied on the 

medium carbon steel (CK 50) to increase its surface hardness under the influence of fatigue-corrosion, where the 

following conclusions were reached: 

 

1. The fatigue limit of specimens with shot peening of (470 MPa) is increased compared with fatigue limit of 

specimens at dry conditions (400 MPa) and the fatigue strength for the medium carbon steel (CK50) after 

shot peening Technique (SPT) is increased by 15%. 

2. The fatigue limit of specimens at corrosive environment of (335 MPa) is greatly decreased compared with 

fatigue limit of specimens at dry conditions (400 MPa) and the fatigue strength for the medium carbon steel 

(CK50) after dipping with the saline solution is reduced by 16%. 

3. The fatigue limit of specimens at corrosive environment after shot peening Technique (SPT) of (385 MPa) is 

Increased compared with fatigue limit of specimens at saline solution (corrosion media) (335 MPa). 

4. Increase the fatigue strength percentage for the medium carbon steel (CK50) after submerging it with saline 

solution (corrosion media) in corrosion - fatigue test for metal used with the shot peening by 13%. 
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