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Abstract Burnishing is cold working process in which

hard balls are pressed against the surface, resulting in

improved surface finish. The surface gets compressed and

then plasticized. This is a highly finishing process which is

becoming more popular. Surface quality of the product

improves its aesthetic appearance. The product made up of

aluminum material is subjected to burnishing process

during which kerosene is used as a lubricant. In this study

factors affecting burnishing process such as burnishing

force, speed, feed, work piece diameter and ball diameter

are considered as input parameters while surface finish is

considered as an output parameter In this study, experi-

ments are designed using 25 factorial design in order to

analyze the relationship between input and output param-

eters. The ANOVA technique and F-test are used for fur-

ther analysis.

Keywords ANOVA technique � F-test � Lubricant �
Burnishing

Introduction

Burnishing is a cold working and plastic deformation

process. In burnishing, initial asperities are compressed and

modified. Plastic deformation occurs by applying a pres-

sure through a ball on metallic surfaces. Due to the work

hardening of the surface during burnishing, there will be a

hardened layer on the surface and it is expected to increase

the fatigue resistance of the component. Burnishing is a

process that leads to an accurate change in the surface

roughness of the work piece by a minor amount of plastic

deformation. In burnishing process, the material on the

surface of the work piece is redistributed without any

material loss. As compared with roller burnishing, ball

burnishing is more advantageous for cylindrical compo-

nents, because the ball can easily move in forward and

backward direction along the surface or parallel to the axis

of the cylindrical component. This results in reduction of

peak to valley height of the surface. Burnishing causes

work hardening and induces beneficial compressive stress

in the surface layer. Work hardening of the component

surface results in improved micro hardness, wear resistance

and fatigue strength of the component.

Wu [1] considered three independent parameters

namely; speed, feed, and depth of cut and remaining

parameters are considered constant. Author studied

response surface methodology on gray cast iron using lathe

and eventually roughness model equations are obtained.

Loh et al. [2] did experimental study on vertical milling

machine by using 34 factorial design to find the effect of

ball burnishing parameters on the surface roughness of

AISI 1045 specimen. It was found that ball material,

lubricant, feed and the depth of penetration have significant

effect on the surface roughness. Author carried out analysis

by using variance technique and F-test. It was observed that

the surface roughness of a pre-machined surface could be

finished up to 0.77 lm.

Elbaradie [3] established the surface roughness model

for gray cast iron (154BHN) using carbide tool (turning)

under dry condition and for constant depth of cut. The

effect of speed, feed, and nose radius of the cutting tool
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were examined using design of experiment and response

surface methodology (RSM).

Hassan and Momani [4] considered burnishing param-

eters like force, speed, feed rate, number of tool passes and

ball diameter while other parameters are kept constant.

Author considered brass material in this study and obtained

improved surface roughness, micro hardness, and fatigue

life.

El-Axir [5] carried out experimental study on CNC lathe

machine. This study considered parameters like speed, feed

rate, number of tool passes and depth of burnishing. The

effect of considered input parameters on Al alloy 2014

material is investigated.

Shirsat and Ahuja [6] carried out experimental study on

surface finish and surface hardness of brass specimen using

combined turning and two ball burnishing process. The

experiments in this study were planned using 23 factorial

design. The experimentation was carried out on Kirloskar

turn Master-40 lathe using SAE-30 oil as a lubricant. A

pre-machined surface with roughness between 0.78 lm to

0.95 lm could be finished to about 0.121 lm and improved

surface hardness was obtained.

Lacalle et al. [7] considered Burnishing parameters like

force, speed, number of tool passes, depth of penetration,

and lubricant. Author used heat treated steel on 5-axis high

speed milling machine. Output constraints are measured

such as maximum height, maximum roundness, mean

surface roughness, micro hardness, and micro structure.

Luca et al. [8] considered Burnishing parameters like

force, speed, feed rate and ball diameter. Author used

hardened steelfor this experiment and measured improved

surface roughness.

Esme [9] has used AA7075 on CNC lathe machine.

Burnishing parameters are like force, speed; feed rate and

number of tool passes are considered. Surface roughness

and surface hardness are measured.

Sagbas [10] investigated effect of burnishing on work

piece made up of Al alloy 7178 processed on CNC lathe

machine. Considered burnishing parameters are force,

speed, feed rate and number of tool passes. The effect of

considered parameters on the surface roughness ismeasured.

Low and Wong [11] selected two polymers each one

from different groups of polymers such as thermoplastic

and thermosets. Polymers used in their study were poly-

oxymethylene (POM) and polyurethane (PUR).The bur-

nishing force, speed, feed, number of tool passes, ball

diameter, and lubricant are kept constant while surface

roughness, wear, and friction characteristics are examined.

Li et al. [12] considered two materials AA 7075 and

AISI 5140 for burnishing and experiments were carried out

on lathe machine.

Grzesik and Zak [13] explored burnishing effects on

AISI5140 by considering parameters such as force, speed,

ball diameter and lubricant. It was found that surface

roughness is improved by 40 %.

All above information is related to separate turning and

single ball burnishing. In this paper the effect of burnishing

force, burnishing speed, burnishing feed, work piece

diameter, ball diameter on the surface roughness and

hardness of work piece are investigated. Cylindrical shaped

work piece made up of brass material is considered in this

study. In this experimentation three burnishing parameters

namely force, speed, feed are varied while the other bur-

nishing parameters are kept constant. A combined turning

and ball-burnishing tool is specifically designed for Kir-

loskar Turn Master -40 lathe which is used for burnishing

of brass test specimen. Pre-machined surface hardness of

brass is 130 BHN. Due to combined tool, the total time

required to complete turning and burnishing operations is

reduced. It also provides more accuracy and output due to

force balance and combined operation. With the help of

this tool, cylindricity and circularity of the cylindrical

component can be maintained.

In this study brass specimen is used mainly due to the

following reasons:

• Brass cannot be heat treated properly in order to

improve the material properties.

• For improving the material properties of non-ferrous

material like brass, combined turning and two balls

burnishing process is more suitable.

• Brass material cannot be machined properly on con-

ventional as well as CNC machines.

Combined Turning and Two Ball Burnishing Tool

The combined turning and two ball burnishing tool is

shown in Fig. 1. The balls are located inside an inter-

changeable adopter. Diameter of both the balls is 12.5 mm

Fig. 1 Combined turning and two ball burnishing tool
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and made from steel material. The balls are free to rotate

with the movement of the work piece due to frictional

engagement between their surfaces. When balls are pressed

against the surface of metallic specimen, the adaptor

compresses a pre-calibrated springs. The springs are used

to reduce the possible sticking effect of the balls and also to

measure the applied vertical burnishing force with help of

the depth nut. Rotating the depth nut in clockwise direc-

tion, the load is applied on spring through steel body. This

tool includes two ball bearings (Bearing No 628X) and two

flat-ended springs having stiffness 7.5 kg/mm. The com-

bined turning and two ball-burnishing tool is designed in a

simple manner so that it can be mounted easily on the lathe

machine.

Design of Experiment

Factorial design used in this study is a composite design,

which was initially proposed by the researchers [1, 4].

There are numerous advantages associated with the use of

factorial design in analyzing experimental data. It is more

efficient than the conventional one-factor-at-a-time exper-

iments commonly employed by researchers. It also assists

in analyzing effects of individual factors as well as inter-

action (combination) of individual factors. Further, if an

output parameter (e.g. surface roughness) needs to be

minimized with respect to the combination of individual

factors then factorial design provides a combination near to

the minimum (or maximum), whereas the one-factor-at-a-

time procedure lacks in it. A 25 factorial design is used in

this study, which consists of 32 experimental combinations

(each factor is varied at two levels such as low and high).

These 32 experimental combinations are located at vertices

of the cube as shown in Fig. 2. For each experimental

combination one observation is obtained due to resource

constraints. Single observation for each experimental

combination results in zero degrees of freedom for error,

which in turn makes estimation of pure error difficult. To

overcome this problem four additional experiments are

conducted by varying factors at medium level. These four

experimental combinations represent an added centre

points to the cube shown in Fig. 2. Thus the design consists

of total 36 experiments, which are used to develop the

surface roughness model equations. For this study consid-

ered input factors are varied at three different levels (viz.

low, medium, and high). The experimental trials are divi-

ded into three blocks. First two blocks consists of eighteen

random trials each (first block trial numbers 2, 3, 5, 8,

10,11, 12, 14, 16, 19, 22, 23, 26, 28, 30, 31, 35, 36 and

second block trial numbers 3, 4, 6, 7, 9, 13, 15, 17, 18, 20,

21, 24, 25, 27, 29, 32, 33, 34) and third block consists of all

36 trials. For each group surface roughness model equa-

tions are obtained. The analysis of above blocks is carried

out by using analysis of variance (ANOVA) technique and

F-test.

The actual experiments are carried out on lathe machine

which has wide range of parameter settings. Cylindrical

brass specimens are turned up to 25 mm diameter which

leads to the surface roughness in the range of

0.78–0.95 lm. These brass specimens are then subjected to

burnishing process. Table 1 shows the experimental values

at three different levels for each considered burnishing

factor as well as coding for different levels. Table 2 shows

the design matrix used in this study. For each experimental

combination shown in Table 2, the burnishing process is

carried out using four different types of lubricants such as

SAE-20 oil, SAE-30 oil, SAE-40 oil, and SAE-50 oil. After

subjecting a work piece to the burnishing process its sur-

face roughness is measured using SURFTEST 221 series

178, Mitutoya (Japan made).The surface roughness is

measured perpendicular to the burnishing direction. In this

study, the mean average surface roughness (Ra) values are

measured by taking the average of three readings taken at

different locations of a work piece. The surface roughness

Fig. 2 Composite design

Table 1 Three levels of variables and coding identification

Level Force (F) (kgf) Speed (V) (m/min) Feed (S) (mm/rev) Work piece Dia (D) Ball dia (d) Coding

X1 X2 X3 X4 X5

Low 15 25 0.04 30 14 -1 -1 -1 -1 -1

Centre 20 35 0.07 45 16 0 0 0 0 0

High 25 45 0.09 60 20 ?1 ?1 ?1 ?1 ?1
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values for each experimental combination as well as for

each type of lubricant are shown in Table 2. From Table 2

it can be observed that, after burnishing the surface

roughness values lie in the range of 0.1104–0.1930 lm
(surface roughness improves).

Results

With the help of factorial design, total 36 experiments are

conducted for each type of lubricant by considering all

possible experimental combinations as shown in Table 2.

Table 2 Design matrix and response values

Trial no. Force

(X1)

Speed

(X2)

Feed

(X3)

Work piece

diameter (X4)

Ball diameter

(X5)

Surface roughness Ra in lm

SAE-20 (S1) SAE-30 (S2) SAE-40 (S3) SAE-50 (S4)

1 -1 -1 -1 -1 -1 0.1456 0.1201 0.4626 0.6285

2 ?1 -1 -1 -1 -1 0.1146 0.0187 0.5187 0.7201

3 -1 ?1 -1 -1 -1 0.1246 0.1827 0.3827 0.7310

4 ?1 ?1 -1 -1 -1 0.2367 0.1009 0.5320 0.8111

5 -1 -1 ?1 -1 -1 0.2190 0.1221 0.2031 0.8310

6 ?1 -1 ?1 -1 -1 0.1104 0.1113 0.6134 0.9230

7 -1 ?1 ?1 -1 -1 0.2145 0.1092 0.3877 0.8280

8 ?1 ?1 ?1 -1 -1 0.1621 0.1001 0.5163 0.5200

9 -1 -1 -1 ?1 -1 0.1825 0.0991 0.5996 0.6218

10 ?1 -1 -1 ?1 -1 0.1785 0.1112 0.2823 0.5810

11 -1 ?1 -1 ?1 -1 0.1153 0.1323 0.3123 0.6211

12 ?1 ?1 -1 ?1 -1 0.1934 0.1121 0.2321 0.6220

13 -1 -1 ?1 ?1 -1 0.1456 0.1211 0.4626 0.6285

14 ?1 -1 ?1 ?1 -1 0.1146 0.2121 0.5187 0.7201

15 -1 ?1 ?1 ?1 -1 0.1246 0.1029 0.3827 0.7310

16 ?1 ?1 ?1 ?1 -1 0.2367 0.1310 0.5320 0.8111

17 -1 -1 -1 -1 ?1 0.2190 0.1207 0.2031 0.8310

18 ?1 -1 -1 -1 ?1 0.1104 0.1211 0.6134 0.9230

19 -1 ?1 -1 -1 ?1 0.2145 0.1477 0.3877 0.8280

20 ?1 ?1 -1 -1 ?1 0.1621 0.1163 0.5163 0.5200

21 -1 -1 ?1 -1 ?1 0.1825 0.1096 0.5996 0.6218

22 ?1 -1 ?1 -1 ?1 0.1785 0.1123 0.2823 0.5810

23 -1 ?1 ?1 -1 ?1 0.1153 0.0322 0.3123 0.6211

24 ?1 ?1 ?1 -1 ?1 0.1934 0.1121 0.2321 0.6220

25 -1 -1 -1 ?1 ?1 0.1456 0.1016 0.4626 0.6285

26 ?1 -1 -1 ?1 ?1 0.1146 0.1187 0.5187 0.7201

27 -1 ?1 -1 ?1 ?1 0.1246 0.1227 0.3827 0.7310

28 ?1 ?1 -1 ?1 ?1 0.2367 0.1220 0.5320 0.8111

29 -1 -1 ?1 ?1 ?1 0.2190 0.1031 0.2031 0.8310

30 ?1 -1 ?1 ?1 ?1 0.1104 0.1134 0.6134 0.9230

31 -1 ?1 ?1 ?1 ?1 0.2145 0.1277 0.3877 0.8280

32 ?1 ?1 ?1 ?1 ?1 0.1621 0.1363 0.5163 0.5200

33 0 0 0 0 0 0.1825 0.1196 0.5996 0.6218

34 0 0 0 0 0 0.1785 0.1123 0.2823 0.5810

35 0 0 0 0 0 0.1153 0.1023 0.3123 0.6211

36 0 0 0 0 0 0.1934 0.1321 0.2321 0.6220
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The mathematical surface roughness models are obtained

for each type of lubricant.

The mathematical models are

For SAE-20 base oil

Ra ¼ 2:453 F�0:2512 � V0:0231 � S�0:192 � D0:212

� d:0:0321

For SAE-30 base oil

Ra ¼ 1:3253 F0:929 � V0:1532 � S0:2344 � D�0:214

� d0:1024

For SAE-40 base oil

Ra ¼ 3:2343 F0:4532 � V�0:3262 � S0:2315 � D0:3252

� d0:0926

For SAE-50 base oil

Ra ¼ 0:9453 F�0:142 � V0:972 � S0:4262 � D0:1021

� d0:6422

Using above mathematical models the effect of each

considered burnishing factor on the surface roughness

identified by varying one factor at a time while keeping

other factors constant. The effect of each burnishing factor

on the surface roughness is shown in Figs. 3, 4, 5, 6 and 7.

In Fig. 3 the case of SAE-30 base oil is considered. For

this case it can be seen that, as the force is increased up to

21 kgf the surface roughness decreases. For the same case

as the force is increased beyond 21 kgf, the surface

roughness increases i.e. material gets deteriorated.

Observing all above figures it can be stated that, in general

SAE-30 base oil results in better surface finish compared to

other type of lubricants and force has a significant effect on

the surface roughness compare to speed, feed, work piece

diameter and ball diameter. When the force is increased

beyond particular value the surface roughness starts

decreasing.

The reason for SAE-30 base oil resulting in better sur-

face finish can be understood by the very purpose lubricant

is used in burnishing process. The burnishing process

carried out without lubricant will result in heat generation

due to friction. This heat needs to be dissipated effectively.

The properties of the lubricant having major effect on theFig. 3 Effect of force on surface roughness

Fig. 4 Effect of speed on surface roughness

Fig. 5 Effect of feed on surface roughness

Fig. 6 Effect of work piece diameter on surface roughness
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surface finish of the work piece may include viscosity and

lubricity. According to this study as well as Shirsat and

Ahuja [6], in general it can be stated that the lubricants

with lower viscosities usually results in better surface fin-

ish. This makes sense, as lubricant needs to carry the

particulates away from the surface of work piece. If par-

ticulates are not carried away they might accumulate where

burnisher meets the surface. These accumulated particu-

lates will act as an abrasive resulting in poor surface finish.

Less viscous lubricants can carry away particulates more

effectively. For brass work piece the lubricity of SAE-30

base oil may be better than the lubricity of any other

lubricant used in this study.

Conclusion

From Figs. 3, 4, 5, 6, and 7, it is observed that at 5 %

significance level.

1. Surface roughness is improved by 500–600 % using

SAE-30 as a lubricant. SAE-30 base oil results in

better surface finish compared to other types of

lubricant irrespective of the burnishing factor except

feed.

2. The burnishing force has more dominant effect on the

surface finish as compared to speed, feed, work piece

diameter, and ball diameter.

3. With the help of this process, it is possible to turn the

shafts of low rigidity by balancing the cutting forces.

4. This process gives more production due to combined

operation.
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