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Abstract 

Burnishing is process in which irregularities on machined surface deformed plastically using hard ball or roller. The deforming 

action of the ball of roller fills peaks into valleys due to which properties at surface improves along with surface finish. In present 

work ball and roller burnishing process is carried out on cylindrical components of free cutting brass in presence of abrasive 

particles of 20/40 micro coarser size in the form of paste (paste) and its effect studied on surface roughness and micro hardness. 

Two parameters namely burnishing force and speed were controlled during burnishing process. It was found that the application 

of paste in between specimen and tool interface is advantageous in case of ball burnishing where as in case of roller burnishing the 

results were adversely affected by paste.   
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

The functional performance of a component depends on many parameters namely surface finish, microhardness, Service conditions 

etc. There are number of finishing processes conventionally used in today’s metal processing industries to enhance surface 

characteristics mainly surface finish.  

The surface finish has a vital role in influencing functional characteristics like wear resistance, fatigue strength, corrosion 

resistance and power loss due to friction. Unfortunately, normal machining methods like turning, milling or even classical grinding 

cannot meet this stringent requirement [1]. However convectional finishing processes like grinding, lapping, honing are used to 

improve the surface characteristics of machined surfaces.  These finishing operations being chip removal processes, their 

application deteriorates the properties at the surfaces. There are post-machining operations which are chip-less finishing processes 

in nature like shot peening, burnishing are becoming more popular which will not affect to the properties of metal surface during 

their working. The schematic representation of the burnishing process is shown in figure 1. 

 
Fig. 1: Schematic of Burnishing Process  

To study the effect of burnishing on residual properties J. Radziejewska and S. J. Skrzypek [2] used the combination of laser 

alloying process with slide burnishing on carbon alloyed steel alloyed with cobalt satellite. The burnishing process caused 

deformation of grains 20-30 µm thick zone.  It was found that multiple-path laser alloying treatment produced tensile stress of the 

range 500MPa and compressive stress after alloying and burnishing found to be -400MPa. The tensile stresses of the order 500 

MPa were found at second laser path and 240 MPa in fourth path in multiple-path alloying.  Multiple burnishing in hot conditions 

generated stresses around -600 MPa at the surface. Adel Mahmood Hassan and Omar Mohammad Abd AI-Wahhab [3] examined 

the effect of roller burnishing process on aluminum and brass. An increase in feed increased surface roughness and decreased 

micro hardness. Similar trend of results is observed with speed. The force increase leads to increase in the both surface finish and 

micro hardness within the range of parameters used in the work. As number of passes of the tool increased due to repeated 

deformation the finish and micro hardness increased at surface. A. M. Hassan et al. [4] used RSM based central rotatable composite 

design to develop the models for Surface roughness in terms of burnishing force and number of passes in ball burnishing process. 
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The roughness value of about 0.172 µm is achieved at burnishing force of 20.7 Kgf (203N) with two tool passes. The internal 

surfaces of Aluminium 2014 tested for micro hardness and out-of-roundness (deviation) by M. H. El-Axir et al. [5]. The increase 

in speed and feed levels increases out-of-roundness in general, due to less deformation and also due to chattering. The combination 

of less feed and higher number of passes produced lower out-of-roundness. An increase in depth of penetration leads to increase 

in metal flow and decreases out-of-roundness. The three passes of tool produces better out-of-roundness on surface but when 

number of passes increases above three the over hardening and flaking takes place at surface leading to increases in out-of-

roundness. T. A. El-Taweel and M. H. El-Axir [6] implemented Taguchi L25 technique to predict effect of burnishing parameters. 

In analyzing results it was found that burnishing force with 39.87% and feed 31.82% play significant role in surface roughness 

followed by speed with 10.91% and NOP of 9.47% contribution. The optimal burnishing parameter for better surface roughness 

are force are 49 m/min, feed of 0.15 mm/rev, force of 150 N and number of passes 3. Similar effects are found for micro hardness 

too. The force has highest contribution of 42.85%, followed by feed with 29.3% contribution, then by Number of passes with 

12.39%. Optimal levels are given as lowest burnishing speed, medium burnishing feed, highest burnishing force and highest 

number of passes settings. Fathi Gharbi et al. [7] determined the optimal burnishing parameters with a newly ball burnishing tool 

having ability to treat large flat surfaces of Aluminum 1050 A rolled sheets. The developed models indicated that the optimal feed 

and force were 0.1 mm/rev and 100 N. The speed 600 rpm resulted in better improvement in the reduction of roughness. A. E. 

Tekkaya et al. [8] analyzed the effect of ball burnishing and grinding finishing process on thermally coated high strength steel. In 

results it is observe that coated but unmachined friction showed high friction values which could be reduced by 40% by burnishing 

and grinding also the feasibility of deep drawing increased with ball burnishing coated workpieces in terms of drawing ratio. 

Studies on surface hardness of HSLA dual-phase steel carried out by D. S. Rao et al. [9]. The observations made are as follows; 

ball of 16.5 mm diameter produced higher hardness (410 Hv) which is about 60% higher than the pre-machined surface hardness. 

With lubricant it is observed that grease is better than kerosene and mixed lubricants. The speed of the level of 22.62 m/min gave 

better hardness.  The surface hardness at the surface of the work piece is found to be increased with increase in feed. The overall 

improvement in the surface hardness in the current work is achieved in the range of 55-60%. M. Nemat and A. C. Lyons [10] 

suggested combination of parameters in the range of 3-4 Number of passes, speed of 20 to 30 m/min, feed of 0.05 to 0.1 mm/rev. 

and 5 Kgf force for Al and 30 Kgf force for Mild steel to get better surface finish. The literature revealed highlighted that the 

burnishing tools developed by many researchers and tested on many ferrous and non-ferrous metals for different characteristics.  

In this work an attempt is made to use abrasive paste in between tool and work piece interface and to analyze the effect of same of 

surface roughness and micro hardness.  

II. EXPERIMENTAL DETAILS  

 Work Piece Materials and Tools 

In current research both the form of burnishing i.e. ball and roller tested on free cutting brass. Test Material is selected because of 

their extensive use in industries. The composition of the work piece is given in the table 1.   The work pieces are brought in the 

form of cylindrical rod of diameter 20mm, cut into appropriate lengths of 50 mm and first they are turned to diameter of 16 mm at 

optimum ranges of parameter to get certain level of surface roughness on its surface. The lathe machine used was Turn master 

X350 available at SMVITM, Bantakal laboratory. The experiments conducted on workpieces without using any lubricants and 

then applying abrasive paste on the turned work piece surface. Abrasive paste has been applied onto the work piece surface by 

smooth cotton cloth and uniformity of the layer has been maintained. The tools used for burnishing are self designed and developed 

to conduct tests are as shown in figure 2 and its details are given in reference 11.  

Table – 1 

Composition of the free cutting brass 
Zn Pb Sn P Mn Fe Ni Si Mg Cr Cu 

37.72 2.51 0.590 0.0021 0.0390 0.382 0.274 0.0460 0.0025 0.0050 58.2 

 
Fig. 2: Ball and Roller Burnishing Tools with Interchangeable Adopter 
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 Equipment’s used 

Following equipment’s used in current research and also mentioned their roles; 

Burnishing tool/s   : To carry out burnishing experiments 

Abrasive paste (shown in fig.2) : To introduce on turned work piece before burnishing 

All geared Lathe : To carry out turning and burnishing with automated level of parameters Selection 

Vickers hardness tester  : To test the hardness of the workpieces 

Talysurf roughness tester   : To test the surface roughness of the workpieces 

 Experiment planning 

As decided to test the effect of important variables on surface finish and hardness in presence of abrasive paste and compare with 

dry run results, the variables stated in the reference 2 are treated as more effective one and taken as parameters in current work. 

Accordingly, force and speed are varied in experiments and other parameters with less effect like feed and Number of passes kept 

constant thought the work. The levels of the variables and burnishing conditions are given in table 2. The ball and roller burnishing 

experiments in dry and with abrasive paste condition are carried out in same parameter level condition.  

 
Fig. 3: Diamond paste and applied it on work piece for operation 

 
Fig. 4: Talysurf surface roughness tester 

Table – 2 

Parameter levels and conditions of ball burnishing and roller burnishing 

Type Speed, rpm Force, kgf Feed, mm/rev Number of passes Condition 

Ball burnishing 770 15 0.0184 1 Dry 

Ball burnishing 770 15 0.0184 1 Abrasive paste 

Ball burnishing 770 30 0.0184 1 Dry 

Ball burnishing 770 30 0.0184 1 Abrasive paste 

Roller burnishing 770 15 0.0184 1 Dry 

Roller burnishing 770 15 0.0184 1 Abrasive paste 

Roller burnishing 770 30 0.0184 1 Dry 

Roller burnishing 770 30 0.0184 1 Abrasive paste 

Roller burnishing 770 15 0.0184 2 Dry 

Roller burnishing 770 15 0.0184 2 Abrasive paste 

Roller burnishing 770 30 0.0184 2 Dry 

Roller burnishing 770 30 0.0184 2 Abrasive paste 
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III. RESULTS AND DISCUSSIONS 

The ball burnishing process is tested for 4 different conditions. The levels of the variables used are given in the table 2. The tests 

were conducted at various force levels. The effect of the application of the diamond abrasive paste was the determined. The results 

are tabulated in table 3 
Table – 3 

Ball burnishing results 

Type 
Speed, 

rpm 
Force, 

kgf 
Feed, 

mm/rev 
Number of 

passes 
Condition 

Surface Roughness, µm 

Ra 
Hardness, 

Hv 

Turning 770 - 0.0184 1 Dry 10.69 130 

Ball 

burnishing 
770 15 0.0184 1 Dry 9 132.78 

Ball 

burnishing 
770 15 0.0184 1 

Abrasive 

paste 
4.30 153.52 

Ball 

burnishing 
770 30 0.0184 1 Dry 4.78 158.52 

Ball 

burnishing 
770 30 0.0184 1 

Abrasive 

paste 
1.68 166.8 

It is clear from the figure 5 that the surface roughness decreases from 9 Ra (µm) to 4.30 Ra (µm) in the presence of paste when the 

force is kept at 15 Kgf. When the force increased to 30 kgf , in the absence of the lubricant, the bulge formation takes place. Also 

the abrasive particles are struck between ball and tool holder resisting the free rotation of the ball. When ball is not rotating freely 

and as force is high, loss of material from ball was observed and scratches were found at work piece, due to wear in the ball. Even 

force is increased, plastic deformation exceeded, the surface roughness decreased from 4.78 Ra to 1.68 Ra. Also the hardness is 

increased from 132 HV to 153.52 HV at 15 kgf force and 158.52HV to 166.8HV at force 30 kgf.  From these observations it is 

clear that the paste can be used in ball burnishing process but further investigations are necessary and are carried out in future to 

get complete knowledge about effect of paste. 

 
Fig. 5: Responses of ball burnishing 

Conditions: Ball burn 1; Force= 15 Kgf, Number of passes=1, Feed=0.184 mm/rev, Speed= 770 rpm; 

Ball burn 2; Force= 30 Kgf, Number of passes=1, Feed=0.184 mm/rev, Speed= 770 rpm; 

The roller burnishing results in dry and using paste are presented in the table 4 And figure 6. It is observed in the results that the 

paste has adverse effect on surface finish and shown some improvement in the hardness.   When no paste is applied, and under the 

conditions 15kgf and 1 pass, the surface roughness found to be 1.212 Ra but it increased to 6.68 Ra when paste in applied and 

burnishing was carried out at above conditions indicating negative impact of the paste. The chattering of the tool was observed at 

all the experiments. Same increase is observed when the force increased to the level of 30 kgf. But when the passes numbers are 

increased to 2, the increase of surface roughness value is less but chattering of the tool is observed continuously. Similar trend of 

effect is observed in case of micro hardness also. There is increase in hardness in all experiments except high force, 2 number of 

passes sample as shown in figure 7.  From the current results it was decided that the paste cannot be used in roller burnishing 

conditions or even more detailed study is required to find its complete role.  
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Table – 4 

Roller Burnishing Results 

Type 
Speed, 

rpm 

Force, 

kgf 

Feed, 

mm/rev 

Number of 

passes 
Condition 

Surface Roughness, Ra 

(µm) 

Hardness, 

Hv 

Roller 

burnishing 
770 15 0.0184 1 Dry 1.212 159.30 

Roller 

burnishing 
770 15 0.0184 1 

Abrasive 

paste 
6.68 183.96 

Roller 

burnishing 
770 30 0.0184 1 Dry 1.54 184.37 

Roller 

burnishing 
770 30 0.0184 1 

Abrasive 

paste 
7.83 196 

Roller 

burnishing 
770 15 0.0184 2 Dry 1.563 157.34 

Roller 

burnishing 
770 15 0.0184 2 

Abrasive 

paste 
1.63 165.04 

Roller 

burnishing 
770 30 0.0184 2 Dry 1.30 176.42 

Roller 

burnishing 
770 30 0.0184 2 

Abrasive 

paste 
1.75 166.47 

 
Fig. 6: Responses of Roller Burnishing 

Conditions: RB1: Force= 15 Kgf, Number of passes=1, Feed=0.184 mm/rev (constant), Speed= 770 rpm (constant); RB2: Force= 

30 Kgf, Number of passes=1; RB3: Force= 15 Kgf, Number of passes=2; RB4: Force= 30 Kgf, Number of passes=2; 

 
Fig. 7: Responses of Roller Burnishing 
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Conditions: RB1: Force= 15 Kgf, Number of passes=1, Feed=0.184 mm/rev (constant), Speed= 770 rpm (constant); RB2: Force= 

30 Kgf, Number of passes=1; RB3: Force= 15 Kgf, Number of passes=2; RB4: Force= 30 Kgf, Number of passes=2; 

IV. CONCLUSIONS 

1) The ball and roller burnishing process increases Surface finish and micro hardness of the brass specimens. 

2) The application of abrasive paste increases surface finish and micro hardness in ball burnishing under considered parameter 

levels of the test. 

3) The use of paste increases surface roughness in roller burnishing. Hence it is decided for detailed investigation with more 

experiments to get clear picture about its role in future works or it is also planned to run the experiments with lubricants in 

semi-liquid form eliminating the use of abrasive pastes, due to its adverse effects. 

4) The hardness increase is very less in roller burnishing process in presence of abrasive paste 
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