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Abstract:The effect of shot size and peening pressure on 
abrasive wear of medium carbon steel has been studied. The 
peening pressure was varied between 3-5 bar and shot size in 
the range 0.6-1 mm. The steel samples were polished and then 
shot peened. The peening intensity was kept constant to 0.27A 
used varying peening parameters. The abrasive wear test was 
conducted using dry abrasion Test rig TR-38 at an applied 
load of 5 kg. The wear tests were conducted upto 3000m 
sliding distance, the wear rate was measured at every interval 
of 300m.  
It was noted that the wear rate decreases with increase in 
sliding distance. It is further observed that the wear rate 
decreases with increasing in pressure and shot size. This is 
due to greater impact with increased pressure and shot size on 
the surface and deduction in errosive action and lip formation 
with increased pressure and shot size. 
This has been understood from surface and subsurface 
microstructure. The wear rate is reduced by 30 to 40% 
depending on the peening parameters.     
Key Words: Shot Peening, intensity, peening parameters, 
abrasion, wear rate, sliding distance, microstructure. 

 
Mechanical properties of steels are very sensitive to 
carbon content. Hence, it is practical to classify 
steels based on their carbon content. Thus, steels are 
basically three kinds: low carbon steels (% wt of C < 
0.3), medium carbon steels (0.3 <% wt of C < 0.6) 
and high carbon steels (% wt of C > 0.6). The other 
parameter available for classification of steels is 
amount of alloying additions, and based on this 
steels are two kinds: (plain) carbon steels and alloy-
steels. 
 
Steel often requires heat treatment to obtain 
improved properties e.g. increase hardness or 

strength, or to neutralize negative effects resulting 
from previous manufacturing processes e.g. remove 
internal stresses generated by fabrication processes 
[1]. The various heat treatment processes include. 
Wear is defined as “surface damage involving a 
progressive loss of material, due to relative motion 
between it and a contacting surface or substance.’’   
All contacting surfaces with relative movement are 
subject to wear.   Normally the method of 
eliminating and reducing surface wear is to provide 
a film of lubricant between the surfaces.   However 
the condition of the surface and especially its 
hardness has can be controlled to mitigate the 
negative effects of surface interactions. A hard 
material is more resistant to wear and abrasion 
compared to a soft material. 
Shot Peening is a method of cold working in which 

compressive stresses are induced in the exposed 

surface layers of metallic parts by the impingement 

of a stream of shots directed at the metal surface at 

high velocity under controlled conditions. The shot 

peening can be applied to various materials and their 

weldment like steels cast steels, cast iron, Cu alloys, 

Al alloys. Ti alloys and some plastics. The major 

applications are related to improvement and 

restoration of fatigue life and reliability of machine 

elements by increasing the fatigue strength, 
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straightening and forming of machine elements 

(meta1 parts), pretreatment prior to plating, 

pretreatment for components to be metallized or 

coated with plastics, enhancement of resistance to 

stress corrosion cracking and corrosion fatigue etc. 

Shot Peening entails impacting a surface with shot 

(round metallic, glass or ceramic particles) with 

force sufficient to create plastic deformation 

(dimple). It is similar to sandblasting, except that it 

operates by the mechanism of plasticity rather than 

abrasion: each particle functions as a ball-peen 

hammer. In practice, this means that less material is 

removed by the process, and less dust created [2]. 

The process of shot peening is used to produce a 

decorative finish and to modify mechanical 

properties of materials. Shot peening is a cold 

working process in which the surface of the material 

is bombarded with small spherical media called 

shot. Each piece of shot striking the material acts as 

a tiny peening hammer, imparting to the surface a 

small indentation or dimple. In order for the dimple 

to be created, the surface fibres of the material must 

be yielded in tension. Below the surface, the fibres 

try to restore the surface to its original shape, 

thereby producing below the dimple, a hemisphere 

of cold-worked material highly stressed in 

compression. 

Overlapping dimples develop an even layer of 

material in residual compressive stress parallel to the 

surface of the material. This compressive stress 

region may be serveral times greater than any 

imposed tensile stress, such as that encountered in 

bending, and markedly improves fatigue life of the 

part in service. 

Peening a surface spreads it plastically, causing 

changes in the mechanical properties of the surface. 

Shot peening is often called for in aircraft repairs to 

relieve tensile stresses built up in the grinding 

process and replace them with beneficial 

compressive stresses. Depending on the part 

geometry, part material, shot material, shot quality, 

shot intensity, shot coverage, shot peening can 

increase fatigue life from 0–1000%.Plastic 

deformation induces a residual compressive stress in 

a peened surface, along with tensile stress in the 

interior. Surface compressive stresses confer 

resistance to metal fatigue and to some forms of 

stress corrosion. The tensile stresses deep in the part 

are not as problematic as tensile stresses on the 

surface because cracks are less likely to start in the 

interior [3]. 

1.1 Shot Peening Parameters 

The outcome of shot peening is the result of 

interaction between two sets of parameters namely 

(i) the shot peening parameters and (ii) the material 

parameters. These are outlined below : 

1. The shot speed 
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2. The dimensions, shape, nature and hardness 

of the shot   

3. The projection angle. 

4. the exposure time to the shot peening 

5. surface coverage 

6.   Peening 1 repeening cycle   

An important factor in peening operation is known 

as the "peening intensity" which is governed by the 

velocity, hardness, size and width of the shot pellets 

and-the angle of projection against the surface of the 

workpiece. Peening intensity decreases with 

decreasing velocity, decreasing shot size and 

decreasing angle of impingeme'nt (below 90°)[4]. 

1.2 Material parameters 

These include microstructure, hardness, surface 

condition and hardening characteristics of the 

material. The result of their interaction with the shot 

peening parameters is: 

1. Generation of residual stresses. 

2. Strain hardening of the surface and sub-

surface layers. 

3. Changes in microstructure and substructure 

of material. 

4. Change in surface conditions. 

 

The beneficial effect of shot peening depends on the 

Following effects: 

1. nature of distribution of induced residual 

stress 

2. level of maximum compressive residual 

stress(CRS) 

3. location of the maximum CRS 

4. depth of plastically deformed layer 

5. minimum possible surface roughness caused 

by shot peening 

6. stability of residual stresses during loading 

7. types of metallurgical changes. 

The present investigation has the following 

objectives: 

1. To understand the effect of heat treatment 
of the steel samples in different processes   
(Annealing, Inter Critical Annealing, 
Quenching & Tempering). 

2.   To understand the effect of shot peening of 
the as received (AR) and quenched & 
tempered (QT) steel samples at different 
shot sizes & different pressures applied. 

3.   To know low abrasive wear behaviour of as 
received and quenched & tempered steel 
samples with & without shot peening and 
with & without pressures applied. 

4.   To know the combined effect of heat 
treatment cycle and shot peening at 
different shot sizes & pressures applied on 
low stress abrasive wear behavior of AR & 
QT steels. 

       5. To know the combined effect of heat 
treatment, shot sizes and pressures applied on the 
  wear resistance of AR & QT steels. 
1.3 Preparation of specimens for experiment 
 In the investigation S31000 Steel was used. 
Specimens of 75 × 25 × 7 mm were prepared from 
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medium carbon steel plates and polished according 

to standard metallographic techniques up to 400 m 
abrasive size. Figure 1 shows the photograph of test 
specimen. 

 
            
 
 
 
 
 
 
 

 
 
 
1.4   Chemical compositions  

The chemical composition of the as received 
material used in the present study was analyzed at 
MSME-Testing Station,Govindpura, Bhopal, a 
certified agency for testing of the material. The 
result received from the MSME Station in respect of 
the chemical composition of S31000 Steel is shown 
below in Table - 1: 

SI. No. Compon
ent 

Wt.%  of 
S31000 steel 

1 C 0.35 
2 Cr 1.00 
3 Mn 0.61 
4 P 0.027 
5 S 0.025 
6 Si 0.14 
7 V 0.17 
8 Fe 97.678 (balance) 

1.5 Heat treatment 
The samples were heat treated at Central Institute of 
Agricultural Engineering (CIAE), Bhopal, using 

batch type electric furnaces. The heat treatment 
processes carried out are Annealing, Inter Critical 
Annealing, Quenching & Tempering.  
 
 
 
 
 
 
 
 
 
 
 
 
 
1.6    Shot peening 
The samples were shot peened after heat treatment, 

using the shot peening machine, model: PB- 

(a) 150120(Make: Mec Shot Blasting 
Equipments Private Limited, Jodhpur). 
Overall dimensions (mm): 

 

 
 

(b) Opening (mm): 
 
 
 
 

 
 
 
 

Height, D 2170 
Width, E 1665 
Depth, P 2730 

Width, G 1100 
Height, H1 290 
Height, H2 800 

Fig.1 Test Specimens. Fig.2 Electric Furnace used for annealing 
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(c) Working chamber size (mm): 

 
(d) Blast hose size (mm): 19 

(e) Blast nozzle orifice (mm): 6 

(f) Dust collector: 

(g) Abrasive storage capacity (liters): 42 
 

(h) Electrical, 3- phase, 415V AC 50Hz: 
2.5Amp 

 
1.7 Abrasive Wear Tests 
Three body abrasive wear tests were 

conducted on 75 × 25 × 7mm size specimens using 
Dry sand abrasion test Rig TR-50 (Make: DUCOM, 
Banglore, India). The photographic views of the test 
apparatus is shown in Fig. 4. The main constituents 
of the machine are mechanical assembly, AC motor, 
AC drive, loading arrangement, rubber wheel, the 
sand nozzle, lamp, load cell, specimen holder and 
sand hopper. Test parameters such as speed, test 
duration, revolutions, and frictional force can be set 
with the front panel settings and displayed on the 
controller. The test specimen is pressed against a 
rotating wheel, while a controlled flow of grit 
abrades the test surface. The rotation of the wheel is 
along the sand flow. The duration of the test and 
force is varied as per the experiment to be done. 
Specimen is weighed before and after the test, and 
the loss in mass is recorded. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table: 3  Hardness of  S-31000 steel. 
S.No. Treatment Hardness (BHN) 
1 As received 150 BHN 
2. Annealing 138 BHN 
3. Inter critical 

annealing 
192 BHN 

4. Quenching and 
Tempering 

215 BHN 

 
1.8 Microstructure 
Microstuctures of as received sample at lower 
magnification is shown in Fig. 5. It depicts the 
presence of pearlite patches (black) in the ferrite 
matrix (white). The average gain size of ferrite is 
measured to be around 28µm.The volume fraction of 
pearlite and ferrite is noted to be around 35 and 65% 
respectively. Higher magnification photograph of 
the same is depicted in Fig. 6. It clearly reveals that 

Height, A 900 
Width, B 1500 
Depth, C 1200 

Fan motor (H.P) 1.5 
Fan capacity 
(Cu.mt/min) 

22.6 

Fig 4 Dry sand abrasion test Rig TR-50 
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the ferrite grain size 28- 30 µm and the pearlite 
lamellas are present primarily at triple point. The 
phase diagram also states the steel would contain 
around 32% of pearlite. The inter-lamellar spaces of 
pearlite are noted to be around 450 µm. 
(A) AR (unpeened) at lower magnification 

 
(B) AR (unpeened) at higher magnification 
   
 
 
 
 
 
 
 
 
 
 
 
 
 

The microstructure of quenched & tempered 
samples at lower magnification is shown in fig.7. It 
shows primarily quenched & tempered martensitic 
phase.The tempered martensitic phase consists of 
very fine carbides precipitated in martensite 
needles/lathes. Higher magnification photograph of 
QT sample is shown in fig. 8,which clearly reveals 
precipitation around the sides of martensite needles. 
(C)  QT (unpeened) at lower magnification 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(D)  QT (unpeened) at higher magnification  
 
 
 
 
 
 
  
 
 

 

 

Fig.5 Microstuctures of as received 

Fig.7  Microstuctures of quenched & tempered sample at lower 

Fig.8  Microstucture of quenched & tempered sample at 
Fig.6  Microstuctures of as received sample at 
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The microstructure of peened sample is shown in 

fig.9.It shows the presence of spherical dents on the 

surface.The dents are uniformly distributed.The 

diameter of the dents are measured to be ~ 170 µm 

and the average spacing between the dents is noted 

to be~ 80 µm.In same cases,the dents overlapped. 

However,the micrograph Fig.10 shows quite 
uniform distribution of dents. The spacing between 
the dents are lower than the size of dents and thus it 
is expected that the surface is subjected to more or 
less uniform deformation due to peening. 
(E) 
 
 
 
 
 
 
 
 
 

 
 

 
  
(F) 
 
 
 
 
 
  
 
 
 
 

1.9  Effect of Sliding Distance on wear rate 
(I)  Without shot peening & pressure 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(II)  At different pressures & 0.6 mm shot 
peening 
 
 
 
 
 
 
 
 
 
 
 

Fig.9  Microstuctures of peened sample at lower 

Fig. 11  Effect of sliding distance on wear behaviour of 
as received and quenched & tempered steels without shot 
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(III)  At different pressures & 0.8 mm shot peening 
 
   
 Fig 13  Effect of sliding distance on wear behavior 
of AR & QT Steels at different pressures & 0.8 mm 
shot peening.  

 
 
 
 
 
 
 
 
 
 

 (IV)  At different pressures & 1.0 mm shot 
peening  
 

 
 
 

 
  
 
 
 

 
(V)  At different shot sizes & 3 bar pressure 

++ 
 
 
 
 
 
 
 

 
 
 
 
 
 
(VI)  At different shot sizes & 4 bar pressure 
 
 
 
 
 
 
 
 
 
 
 
 
 
(VII)  At different shot sizes & 5 bar pressure 
 
 
 
 
 
 
 

Fig, 14 Effect of sliding distance on wear behavior of 
AR & QT Steels at different pressures & 1.0 mm shot 
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Fig. 18 Combined effect of shot size on wear 
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VIII)  Combined effect of shot size 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2.0  Effect of heat treatment cycles with various 
pressures & shot sizes on the wear Resistance 

  
 
 

 
 
 
 
 
 
 
  
 
 
 
 
 
 
 

 
2.1  Conclusions:  
 

The following conclusions could be drawn from the 

present study: 

 The wear rate of quenched & tempered (QT) 

steel is less than the as received (AR) steel. 

However QT steel exhibits higher wear 

resistance as compared to AR steel. 

 The as received steels depicts the presence of 

pearlite patches in the ferrite matrix and the 

pearlite lamelaes are present primarily at triple 

point 

 The tempered martensite phase consists of very 

fine carbides precipitated in martensite needles 

in QT steel. 

 After shot peening, the wear rate of both the 

steels are different.  

 After shot peening, there is improvement in wear 

resistance in both steels.  But the overall wear 

resistance of the steels is more when the steel is 

subjected to QT. 

 The wear rate is minimum when both the steels 

were shot peened. However in as received steel 

the minimum wear rate was observed at 5 bars 

with 0.8 mm shot size. In case of QT the 

minimum wear rate was observed at 3 bars 

pressure with 1.0 mm shot size. 

Fig. 19 Combined Effect of pressures applied on 

0

2E-11

4E-11

6E-11

8E-11

1E-10

1.2E-10

0 1 2 3 4 5 6

PRESSURE APPLIED (Bar)

W
E

A
R

 R
A

T
E

 (m
3/

m
)

AR,0.6 mm

AR,0.8 mm

AR,1.0 mm

QT,0.6 mm

QT,0.8 mm

QT,1.0 mm

Fig. 20 Effect of heat treatment cycles with various 
pressures & shot sizes on the wear resistance of AR 

0.00E+00

5.00E+09

1.00E+10

1.50E+10

2.00E+10

2.50E+10

3 bar 4 bar 5 bar 3 bar 4 bar 5 bar

AR QT

HEAT TREATMENT CYCLES

W
E
A

R
 R

E
S
IS

T
A

N
C

E
 (
m

/m
3)

Shot Size=0.6 mm

Shot Size=0.8 mm

Shot Size=1 mm



International Conference on Mechanical, Energy & power Systems, OIST, Bhopal 
ICMEPS-2017 

INTERNATIONAL JOURNAL OF RESEARCH, SCIENCE, TECHNOLOGY & MANAGEMENT 
E-ISSN: 2455:2240, Volume 7 Issue III 

CONFERENCE PROCEEDINGS: ICEMPS-2017 

157 
 

20-21 Jan 
2017 

 The wear rate reduced to minimum at a critical 

shot peening. The AR & QT steels, irrespective 

of heat treatment schedule, provide the 

minimum wear rate at 4 bar pressure. At higher 

pressure the steel suffers from higher wear rate. 

 The microstructure of peened sample shows the 

presence of spherical dents on the surface and 

they are uniformly distributed. 

 The distance of the microhardness indentors 

location from interface has been normalised with 

respect to the distance between the denters.   

Future scope:  

The present study could be upgraded to the 

following scopes in future: 

 More attention is needed towards testing of 

various grades of low cost, locally available 

steels in dry and wet condition. 

 Medium carbon steels should be studied to 

find the maximum abrasive wear resistance 

in dry and wet condition.  

 Different heat-treatment cycles may be 

adopted to vary the microstructure, 

mechanical and tribological properties of 

these steels. 

 The study on combined effect of various 

micro-structural features (ferrite-perlitic, 

ferrite-martensitic and bainitic) at varying 

volume fraction will be highly useful for 

agricultural/automobile applications. 

 Effect of various shot peening parameters 

such as shot material and size, stand-off 

height and pressure may be studied on the 

mechanical properties and abrasive wear rate 

of various steels keeping the peening 

intensity constant. 

 Three body abrasion tests which are very 

similar to working condition of fast wearing 

components in different type of soils, sands 

and their various combinations will reveal 

more important and useful information about 

the wear behaviour of these steels. 

 Slurry abrasive wear studies may be 

conducted in various concentrations of soil 

and sand which will definitely be beneficial 

for paddy growing areas. 

 A systematic and scientific study for 

adoption of low cost surface treatments like 

shot peening, hard-facing and various 

coatings on the working surface of the fast 

wearing agricultural/automobile components 

made from mild steel/medium carbon steel. 

 Evaluation of coated/hard-faced/shot peened 

agricultural/automobile components in 

laboratory(like soil bin) and in field (dry 

sand and slurry) in different type of soil 

concentrations and conditions  is very prime 

and useful area of future research. 
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 A mathematical simulation to establish the 

relationship between peening intensity/ peening 

parameters and wear rate for differently heat-

treated steel will also be a good study. 
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