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 العربىالملخص 

 الطلبات راا إل استخداما أكثر أصبحت. و ألسطح المشغوالت بالستيكي تشوه عملية الصقل تعتبرعملية
تعتبددر الدراسددات التدد  تمكدد  مدد   وهكدد،ا . لألجددزا  الميكاكيكيددةعاليددة  ودقددة أدا    للحصددول علدد  المتزايددد 

 .هامة دراساتص أسطح جيد  عل  خصائللحصول  متغيرات العملية الحصول عل  أفال 

عمددر  علدد مدد  الكددوك الكددرو  صددقل  باسددتخداأ أدا  عمليددة الصددقل تدديثير هددو دراسددة البحدد    هدد،ا هددد  إ 
لدراسددة تدديثير  CNCوقددد أجريددت التجددارك علدد  مخرطددة تعمددل بددالتحكأ العدددد  . الكلددل للصددلك الكربددوك 

خصددائص السددطح الكددات   بعدد  علدد  وهدد  قددو  الصددقل  ومعدددل تغ،يددة الصددقل يددة الصددقللمتغيددرات عم
متغيدرات  الصالد  الدقيقدة   والتغيدر فد  القطدر. وأيادا تدأ دراسدة تديثيرو مثل خشوكة السطح  للمشغوالت 

 .الكلل إختبار خالل م  عمر الكلل عل  عملية الصقل 

 قو  الصقل ومعدل التغ،يدة مد  أهدأ المتغيدرات التد  تلعدك دورا هامدا فد  الدتحكأ فد أ  وأواحت الكتائ  
 .جميع خصائص السطح الكات   وعمر الكلل

 و علد  خشدوكة سدطح مكخ ادة التد  تمكد  مد  الحصدول وقد تأ تقدديأ أفادل معدامالت عمليدة الصدقل 
 ألجددزا   ل عمددر الكلددل إطالددة يمكدد  هكددبي وأواددحت الدراسددة أياددا . تزيددد مدد  صددالد  السددطح وعمددر الكلددل

 .المالئمة الصقل معامالت باستخداأ المعد  األصلي ع  المشغلة

/ مليمتدر 0.12 ومعدل تغ،ية  كيوت  210 َتلميعقو   باستخداأ األطول   وقد تأ الحصول عل  عمر الكلل
مددع زيدداد  قددو  الصددقل ومعدددل  تددزداد المشددغل بعمليددة الصددقل فدد   الصددالد  الدقيقددة للسددطح عمومدداو  . دور 

ومقدددار  المشددغل بعمليددة الصددقل السددطح   تحددت العمدد    الصددالد  الدقيقددة خددالل توزيددعفدد    وكدد،ل . التغ،يددة
 .الصقل قو العم  المتيثر يتكاسك طرديا مع 

مقيدا  درجدة  مد  فقدط يتحددد أ  مكد ي ال عمر الكلل لألجزا  المشغلة بعملية الصدقل وقد تأ استكتاج أ 
 .خشوكة السطح الكات  أو م  قيمة الصالد  الدقيقة للسطح
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ABSTRACT 

Burnishing, a plastic deformation process, becomes more popular in satisfying the 

increasing demands of machine component performance and reliability. Thus, investigating 

the burnishing parameters in order to improve the product quality is especially crucial.  

The objective of this research is to study the effect of burnishing process on fatigue life. 

Experimental work was carried out on a CNC lathe to study the effect of burnishing  

parameters; such as, burnishing feed and  burnishing force, on some surface characteristics 

such as; surface roughness,  microhardness, and reduction in diameter. Then the effects of 

the burnishing parameters on the fatigue life are investigated through a fatigue test. 

Burnishing force and burnishing feed play an important role in controlling the values of all 

surface characteristics and fatigue life. 

Optimum burnishing parameters are established to minimize roughness and/or maximize 

surface hardening and fatigue life. It is found that it is possible to get longer fatigue life for 

machined parts than the virgin material by setting the proper burnishing conditions. 

Longer fatigue life is achieved using burnishing force of 210 N and feed rate of 0.12mm/rev. 

In general the microhardness at the burnished surface increases as the force and feed rate 

increase. The distribution of microhardness along the depth below burnished surface and its 

affected depth are directly proportional with the burnishing force. 

It is also clearly shown that the fatigue life of burnished materials cannot be determined or 

explained solely by surface roughness or microhardness. 

KEYWORDS 

Ball Burnishing, Fatigue life, Surface roughness, Microhardness. 

1. INTRODUCTION 

The purpose of machining processes is to 

produce surfaces with the required shape, 

dimensions, accuracy, and surface 

roughness. In many cases turning is used 

as finishing operation in the production of 

shafts. These components are generally 

subjected to variable loads and are 

therefore prone to fatigue failure. Fatigue 

life is an important dynamic property and it 

is strongly affected by the surface 

condition produced during machining or 

other processing. It is a progressive and 

permanent structural change that occurs in 

materials subjected to fluctuatcing stresses 

and strains. Cracking or fracture of the 

component occurs after a sufficient number 

of fluctuations. In such cases, it is 

necessary to satisfy given standards of 

geometrical accuracy and surface 

roughness for the machined components. 

In addition, the reliability or operating life 

of the machined products must be ensured 

because the residual tensile stress 

accelerates the progress of fatigue cracks 

and the fatigue life of the product is 

reduced.  

The residual stresses left by the turning 

operation depend both on the type of 

material being machined and on turning 

parameters. The optimal setting of process 

parameters was done to obtain compressive 

residual stresses (or at least low tensile 

stresses) might be performed [1]. 

Several techniques have been developed in 

order to estimate, qualitatively and 

quantitatively, the extent of the influence 

of the machining process and parameters 

on the properties and service life of the 

component. Compressive residual stress 
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distributions were recorded when turning 

hardened bearing steel, the magnitude and 

penetration depth of these stresses were 

much higher when turning using worn 

inserts compared to new cutting tools [2].  

Jeelani [3] showed the effect of cutting 

speed and tool rake angle on the fatigue 

life of aluminum alloy compared with the 

case of the virgin material.  

The effect of the machining conditions on 

the fatigue life was investigated by many 

authors through a fatigue test using the 

specimen finished under various cutting 

conditions.  Ibrahim et all [4] showed the 

fatigue test results of turned 0.12% Carbon 

steel. The authors reported that, the surface 

finish after turning operations with the 

combinations of cutting conditions that 

were used during turning have great effects 

on fatigue life. The machined surface 

property could be controlled by the setting 

of the cutting conditions to some extent 

[5]. Dale et all [6] reported that, favorable 

surface integrity for optimal fatigue life 

can be produced using small feeds and 

sharp cutting tools. 

As the manufacturing processes influence 

fatigue performance by affecting the 

intrinsic fatigue strength of material near 

the surface, so by introducing or removing 

residual stress in the surface layers, and by 

introducing or removing irregularities on 

the surface that act as stress raisers will 

affect the fatigue life. Because the fatigue 

life depends primarily upon cycles to crack 

initiation, surface enhancement can 

significantly improve the endurance limit 

and extend component fatigue life by an 

order of magnitude [7]. 

Several studies have been conducted on 

ball burnishing tools to generate 

compressive residual stress within the 

machined surface [8]. On the other hand, 

the effect of burnishing processes on the 

fatigue performance of different metals 

was studied by many authors. One 

publication [9] investigated this effect on 

nickel based super alloy IN718, its result 

showed the fatigue benefit of thermal 

stability at engine temperatures. Michael 

[10] reported that, ball burnishing can be 

used to induce deep and high magnitude 

compressive residual stresses in metallic 

systems and may provide an affordable, 

high performance process for fretting 

fatigue enhancement.  

Depending on the ball burnishing process 

parameters and material characteristics, the 

residual stress state and the corresponding 

percent cold work (both depth profile and 

surface distribution) vary as functions of 

position [9]. These parameters can be 

selected to optimize the surface 

characteristics of burnished components 

[11, 12].  Seemikeri et all [13] reported 

that, the parameters that have greater 

influence on the surface roughness and 

fatigue life response variables in the 

decreasing order of importance are 

pressure, speed, ball diameter and number 

of passes. 

Since the burnishing processes are applied 

only after the machining process, thus 

reducing efficiency due to an extra 

operation. In addition, there will be a 

problem of alignment of the workpiece for 

burnishing process after previous turning 

process. For this purpose a simple tool is 

designed and constructed to carry out the 

experimental work. This tool has to be 

installed on center lath after turning 

process without releasing the specimen 

from the chuck. Then the effect of 

burnishing parameters on surface 

characteristics and fatigue life will be 

investigated. 

2- EXPERIMENTAL PROGRAM 

As mentioned, the main concern of this 

work is to study the effect of ball 

burnishing process, to characterize and 

quantify both surface characteristics and 

the fatigue behavior of mechanical 

components. This can be achieved by 

studying the response ball burnishing 

parameters as a main factor affecting on 
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surface characteristics and the fatigue life 

of components.  

The effects of two burnishing parameters; 

namely; burnishing force and burnishing 

feed rate, at constant burnishing speed of 

65.2 m/min; on surface roughness, 

reduction in diameter, microhardness, and 

the fatigue life are comprehensively 

studied through this work. 

The fatigue test specimens are machined 

first by turning, and then are finished by 

ball burnishing. The effect of the ball 

burnishing condition on fatigue life is 

studied. 

2.1 Burnishing processes 

A simple tool is designed and constructed 

to carry out the experimental work as 

shown in Fig.1.   

The ball is in solid contact only with the 

surface to be burnished, and is guided by 

12 idler balls to be free to roll in any 

direction on the surface of the work piece. 

Carbon chromium steel 8mm ball diameter 

of 80 HRC is employed for burnishing 

process. During processing the suggested 

tool is mounted on the CNC lathe tool 

holder in which the tool was properly 

aligned and leveled. 

As shown in the fig. 1, the burnishing tool 

is ended with a hexagonal head adjustable 

screw which would be tightened with a 

torque arm wrench to adjust the required 

burnishing forces. Then the normal force 

and tool position are controlled by the 

adjustable screw and machine tool slides 

respectively. 

The tested material is carbon steel of 

0.18%C. This material is selected because 

of its importance in industry and its 

susceptibility to degradation when 

burnished, through surface and subsurface 

damage.  

The burnishing processes are conducted on 

test specimens prepared by turning to 

simulate the service conditions of the 

components regarding to fatigue life.  

Turning and burnishing processes are 

carried out on a CNC lathe model Daewo 

Boma 2500 without removing the 

specimen. The specimens are held in a 

three-jaw chuck and supported by the 

tailstock center. 

The configuration of the test specimen that 

produced by turning is as shown in fig.2. 

The test specimens are annealed for 1 h at 

850 ºC, and then machined to the desired 

geometry before the burnishing processes. 

 The turning conditions that were unified 

for all workpieces are as follows; cutting 

 
 

Fig. 1 Construction of burnishing tool  

 

   

                                                                                 Dim. in mms 

Fig. 2 Geometry of fatigue test specimen 
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speed= 41 m/min., depth of cut =0.3 mm, 

feed rate= 0.18 mm/rev., and using tool 

nose radius of 0.2 mm. The surface 

roughness of the finish turning process is 

measured for each specimen and is found 

in the range from 3 to 4 microns (Ra).  

Also the initial hardness is measured and is 

found equal approximately 126 HV.  

In order to obtain better surface quality, the 

proper setting of burnishing parameters is 

crucial before the process takes place. The 

investigated burnishing conditions are 

summarized in table 1. 
 

Table 1.   Burnishing process conditions  

 

Ball diameter (mm) 8 

Burnishing conditions Lubricated 

Burnishing speed (m/min) 65.2                              

Burnishing force P (N) 
90, 150, 210, 270, 

and 330 

Burnishing feed f (mm/rev) 0.09, 0.12, and 0.16 

The surface finish of the burnished 

specimens is measured using Mirotoyo 

telysurf model 402 series 178. The 

measurements are carried out across the 

lay using diamond stylus of radius 2.5 

microns and adjusted meter cut-off 0.8 

mm. Four readings of surface roughness 

(measured by Ra) are taken for each 

specimen, and the average values are 

calculated. 

For accurate calculation of fatigue stress 

the change in the Workpiece diameter is 

also measured at different places along 

each test. 

Indentation hardness test is one of the most 

common procedures for evaluating the 

mechanical properties of the materials, and 

is used to monitor processing operations 

such as cold working. The Vickers 

microhardness test was employed in this 

study. The sample testing was carried out 

using a digital microhardness tester model 

HWDM-3, provided with a precision 

microscope that has a magnification of 

400X. This tester can show the hardness, 

obtained by measuring and calculation, on 

its liquid crystal display. The load selected 

for testing is equal to 4.9 N with constant 

application speed equal to 50 μm/s. The 

microhardness is measured for the 

burnished specimen’s surface. 

The microhardness test across the depth 

below surface is performed for the 

specimens exhibits longer fatigue life only. 

For this test the sample is cut from the 

burnished specimens by parting off tool. 

Then it is mounted in a mould and ground 

using SiC paper and polished with SiO2 

solution to remove the layers affected by 

parting off. 

The measurements are taken across the 

depth at an incremental of 100 microns 

starting from the edge of the surface and 

going to the center. The microhardness at 

each depth is taken as an average of three 

readings taken at three different points at 

that arc. Total penetration of compressed 

material or altered zone was determined by 

noting the depth at which the hardness 

became constant and equal to that of the 

interior material.  

2.3 Fatigue Testing:  

The tests are performed on the burnished 

specimens as mentioned above using four-

point rotating bending to provide 

maximum sensitivity to the surface 

condition.  The fatigue test is first applied 

to specimens that resulting from turning 

process to compare its results with that of 

burnished surface. The test is conducted at 

room temperature at a speed of 1800 r.p.m 

with a stress amplitude at the surface of the 

specimen is set to 270.8 MPa which are 

very close to the fatigue limit of 0.18%C 

steel. At least three specimens are used to 

verify the fatigue life for one burnishing 

condition.  

3. RESULTS AND DISCUSSION 

The influence of the burnishing force on 

surface roughness and change in diameter 

is graphically presented in Figs. 3 and 4.  
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As shown in Fig. 3 an increase in 

burnishing force from 90 to 210 N at feed 

rates 0.09, and 0.12 mm/rev. leads to a 

decrease in surface roughness. Then 

further increase of the force above 210 N 

leads to an increase of surface roughness at 

the mentioned feeds.  For feed rate of 0.16 

the behavior is different as the increase of 

the force from 90 to 150N decreases the 

surface roughness, while beyond this value 

of the force the surface roughness 

increases as the force increase. This may 

be because high forces cause gradual shear 

failure in the subsurface layer which, in 

turn, causes surface flaking. However the 

highest surface smoothness is obtained at 

forces 150N, and 210N at a feed rate of 

0.12mm/rev.  Further increase in the feed 

with high force deteriorates the surface 

finish.  

Figure 4 shows the effect of burnishing 

force on the reduction of diameter. As 

expected the reduction of diameter 

increases as the force increases for all 

values of feeds. The high force increases 

the ball pressure on the surface that cause 

compressing of more asperities on the 

surface. The reduction of diameter is 

inversely proportional with burnishing feed 

rate as shown in the figure.  

The increase in burnishing force at 

different feeds causes an increase in 

microhardness of the surface layers as 

shown in Fig. 5. This is obvious because 

the higher forces cause more plastic 

deformation. An increase in force (more 

than 270 N) at high feed rate causes an 

increase of undeformed material ahead of 

the ball which decreases the ball pressure 

into the work surface.  

  

Fig. 3 Effect of burnishing force on surface 

roughness at different feed rates 

 

  Fig. 4 Effect of burnishing force on reduction of 

diameter at different feed rates 

 
Fig. 5  Relation between  burnishing force and 

microhardness at different feed rates 
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On the other hand, an increase in feed rate 

at the upper limits of the force leads to 

considerable reduction in surface hardness. 

Refer to figures 3 and 5 it can be notice 

that, the optimum combination of 

smoothness and microhardness occurred 

when the tool rolled across the specimen 

surfaces with a feed rate 0.12 mm/rev, with 

a burnishing force of 210N. 

Fig. 6 shows the relationship between 

burnishing force and fatigue life for 

different feed rates. Generally, it is said 

that, the fatigue life of burnished 

specimens is much higher than the virgin 

material (92562 cycles). The maximum 

fatigue life enhancement is observed up to 

723116 cycles which is 7.8 times more 

than virgin material.  

In all the experimental runs, fatigue life 

improvement is evident, which is measured 

in terms of number of cycles, though the 

magnitude which is varied in each case 

depending upon the level of factors and 

their interactions. As the increasing of 

force from 90 to 210N increases fatigue 

life. Beyond this value of the force the 

fatigue life decreases as the force 

increases. In order to explain those 

behaviors consider fig. 3 with fig. 5. The 

increasing of the force from 90 to 210N 

decreased the surface roughness for all 

values of feed. This in turn delays the 

crack initiation and consequently increases 

the fatigue life. The increase of the force 

above 210N increases the surface 

roughness which accelerates the initiation 

of a crack, in turn decreasing the fatigue 

life.  

Refer to fig.5, and fig.6 it can be noticed 

that, although the maximum surface 

hardness is obtained at the burnishing force 

of 330, the fatigue lives obtained at this 

force is not the maximum. This can be 

attributed to the high surface roughness 

obtained at this force value which leads to 

crack initiation. The high hardness values 

obtained at this force also increases the 

brittleness that consequently increases the 

crack propagation. 

 
TS …Turned specimen 

Fig. 7 Distribution of microhardness along the 

depth below burnished surface for feed= 

0.12mm/rev. 

 

Comparing fig.3, fig5, and fig.6 it can be 

noticed that, it is not necessary that the 

lower surface roughness and higher values 

of surface hardness always yield higher 

fatigue life.  It is also clearly shows that 

the fatigue life of machined materials 

cannot be determined or explained solely 

by surface roughness and microhardness. 

This result means that it is possible to get 

 

Fig. 6 Relation between  burnishing force and 

fatigue life at different feed rates 
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longer fatigue life, better surface 

roughness, and high surface hardness for 

burnished components than the virgin 

material by carefully setting the proper 

burnishing conditions.  

Fig. 7 shows the distribution of 

microhardness along the depth below 

burnished surface for different burnishing 

forces  for the specimen exhibited longer 

fatigue life i.e. for feed= 0.12mm/rev. It 

can be seen that, the microhardness of 

burnished specimens is much higher than 

the virgin material (126 HV). The 

maximum microhardness is observed up to 

280 HV. with a burnishing force of 330N. 

The microhardnes and also its affected 

depth increase as the force increases.  
 

 

CONCLUSIONS 

Experimental results show that burnishing 

force and feed rate play a significant role 

in controlling the surface characteristics. In 

general, the surface roughness and 

microhardness increase as the feed rate and 

burnishing force are increased.  

The best surface roughness is obtained 

with a burnishing force of 210N, and feed 

rate of 0.12mm/rev. 

In all experiments, fatigue life is improved 

by burnishing process relative to turned 

specimen. Longer fatigue life is achieved 

using burnishing force of 210 N and feed 

rate of 0.12mm/rev.  

In general the microhardness at the 

burnished surface increases as the force 

and feed rate increase. The distribution of 

microhardness along the depth below 

burnished surface and its affected depth are 

directly proportional with the burnishing 

force. 

It is also clearly shows that the fatigue life 

of burnished materials cannot be 

determined or explained solely by surface 

roughness or microhardness. 
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