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Abstract — In this paper, the authors present the
results of experimental work regarding permanent
Magnetic Assisted Ball Burnishing (MABB) tool. This
type is a special tool using the magnetic field to
produce the necessary force for burnishing. The tool
applicable especially to rolling flat and 3D surfaces.
For the correct operation of tool, it is needed to set up
an optimal distance between the tool and workpiece.
In order to define it the authors measured the F; force,
which occurs between the tool and workpiece while
the magnetic force pulls the rolling balls on a cone
which located at the end of the tool. The evaluation
was completed by advanced measuring and IT
equipments.

I.  INTRODUCTION

All surfaces of mechanical parts consist of valleys and
peaks. The main goal of the conventional ball or roller
burnishing is to achieve high-quality surfaces. During the
process one or more balls makes plastic deformation on
the surface layer. In the case, if this stress is higher than
yield strength of the material, the material near the
surface starts to flow. As the balls moves across the
surface of workpiece, the peaks of surface are pressed
down into the surface and the material then it flows into
the valleys between the peaks as you see in Fig. 1. [1, 2,
3]
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Fig. 1. Evolution of surface by burnishing [1]

Several studies have investigated the effect of
burnishing on the workpiece properties (e.g. increasing
the residual stress, hardness, corrosion and wear
resistance further to enhance the fatigue life and surface
quality). [4, 5, 6]

Because ist’s simplicity and economical usability, the
burnishing is a widely used cold treatment process. The
type of burnishing process depends on the form of the
workpiece (e.g. flat or cylindrical). In this study a newly
designed flat-surface ball burnishing tool was examined.
To burnish a flat or maybe 3D surface needs special tool
and/or equipment (e.g. hydraulic hose and pump). For
example F. Gharbi, S. Sghaier and T. Benameure
designed a tool by it’s own, it consist of four burnishing
tools which are adapted in a special tool holders (Fig. 2.).

[7]
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Fig. 2. (A) The simple ball burnishing tool and the (B)
tool holder with four ball burnishing tools.[7]

The main problem with most of the burnishing tools
(such as Fig.2.) is the applicability in CNC machine
because it is difficult to place into the tool magazine.

Taken in consideration avoiding the expensive and
complicated construction, the authors designed a novel
MABB tool. During the design process it the Magnetism
Aided Machining or Magnetic Assisted Machining
(MAM) technologies were investigated [8, 9, 10, 11, 12],
which are relatively new industrial machining processes.
The MAM technologies are mainly suitable for finishing
and surface improving. The MABB tool was developed to
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reduce the surfaces roughness, increase the surface
hardness and deburring edge of flat (in some cases even
3D surfaces) metal parts. The magnetic force makes this
process simple, more productive and also environmental
friendly. The machining force is generated by the
magnetic field between the workpiece and tool, so this is
the reason why it is so important to set up the right tool-
workpiece distance to ensure the necessary rolling
pressure. [13]

To achieve the best burnishing results several
controlling parameters, namely burnishing speed, feed
rate, force, number of burnishing passes, workpiece
material and hardness, ball material, ball size, number of
balls and lubricant have to be considered. [14, 15]

A.M. Hassan, A.S. Al-Bsharat in their research showed
that the burnishing forces and the number of tool passes
are the most predominant parameters that have an effect
on the surface roughness of the workpiece during the
burnishing process. [16]

Il.  MAGNETIC ASSISTED BALL BURNISHING

The MABB tool contains four magnetizable bearing
balls and by the magnetic force these balls pulls on a cone
which located the end of tool and this creates the
necessary rolling force (Fig. 3.).

Fig. 3. The generated force during ball burnishing

The first generation MABB tool works with an electro
magnet (see on Fig. 4.). The constructions’ main
advantages are the adjustable magnetic force which gives
less importance to the gap distance. But this adjustable
function causes problem in the usability, because it
requires cables and so it is not appropriate to a modern
CNC machine. Furthermore, during machining the
electromagnetic coil heats up and, as a result, decreases
the magnetic field strength. [13]
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Fig. 4. Concept of the electro MABB tool [13]
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The new type of MABB tool works with NdFeB
permanent magnet instead of the electromagnet (see Fig.
5.). Thanks to the permanent magnet design, the tool can
be placed in the tool magazine, removing edge burr and
following the topology of surface.

Fig. 5. Parts of new MABB tool

In a recent study M.M. El-Khabeery and M.H. EIl-Axir
have identified some of the main effects of the burnishing.
Their results are useful and contains essential statements
(e.g. the burnishing speed should not exceed about 120
m/min to obtain high surface quality), but as it was
mentioned the tool gap has great significance and so it
maust be on an optimum value. [17]

I1l.  DETERMINATION OF WORKING GAP BY
CALCULATION

The optimum h distance can be determined by
calculation and experiments. For calculation the
necessary parameters were known (r=mm and b=5 mm)
so they can be used in the equations (1) and (2) by the Fig.
2. vectors:

h=ry - (sina+1)-b )
an = Fr *tan a (2)

The equalization of (1) and (2):

E,,=F.-tan- (m‘csin ((hr—j’) - 1))
®)

In the equation (3) the F; is a constant, because there is
no change in the permeability of the ball and the gradient
of magnetic field during the rolling. The calculations are
initiated with h=4mm gap and tested up to h=12 mm.
Under the h=4mm the balls can fly away, because the
balls reach the tool edge which made from bronze and
there cannot be affected by the magnetic field strength.
Reaching the h=11mm gap and the a=90° there is not
solution for the tangent. By the equations (3) was set up a
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graph function of the h and Fn/F; (Fig. 6.).
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Fig.65. The relationship between h and Fnu/F; by
calculations

So that, the optimum gap distance where the burnishing
force is the biggest is about h=10mm by calculations.

IV. DETERMINATION OF WORKING GAP BY
EXPERIMENT

The results of the calculations it may be different from
the reality and therefore the determination of the gap is
carried out by experiments. For the experiments a CNC
milling machine and a KISTLER Type 9125A24A2 force
and torque measuring instrument were used (Fig. 7.).

Fig. 7. KISTLER rotating dynamometer [18]

The measuring tooks 100sec while the sampling rate
was 500Hz. The measuring range of F, was set up -400-
700N.

As a first step, to avoid accidents, the tool was tested in
a standing position (without the main rotating movement)
and after knowing the optimum gap, the the rolling
force while the tool is rotating.

A. Standing tool

For the experiment the results of the calculations were
used, so the starting position was the maximum h=11 mm

gap and tested down to h=4 mm. The measurement
arrangement is shown in the Fig. 8.

-

Fig. 8. Experimental setup of the force measuring

The measurement started in h=14 mm, without balls..
Then the balls were included and the tool began to move
away from the surface with 1mm steps. The result of the
measurements are shown in Fig. 9.
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Fig. 9. The magnetic force depending on the tool distance

As shown in Fig. 9. without balls the tool attracts the
workpiece, consequently, this is the reason for the
negative F, force. After that are placed the balls into the
work space, the tool began to pushing the workpiece by
the balls. sAs it can be seen in Fig. 9., the maximum force
with h=10mm gap and under h=6mm the F, force will be
again negative. This means that the tool started to attract
again the workpiece by the balls and the cone of the tool.

According to the expectations and the calculation, the
maximal force (F,=350N) was measured at h=10mm.
Because there are four balls the force of 87,5N per ball
with standing tool is expected.

B. Rotating tool

The main problem with a rotation is that it increases the
centrifugal force which can critically reduce the
burnishing force and also the balls can fly away. In order
to avoid it, the rolling force was measured during
increasing rev too. The revolution was increased from 0
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to 1400rev/min. The F;, values are summarized in Fig. 9.
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Fig. 10. Changing magnetic force depending on the rev

As shows the Fig. 10. the effect of the increasing
revolution is the decrease of the rolling force from 350N
to 280N. This represents that the force was decreased by
20%. This decline does not a big value and in the practice
experts never use higher revolution than 1400rev/min,
because of the high revolution that negatively affects the
quality of the surface [17]. So the tool can be safely used
until 1400rev/min. In practice, the best revolution range
is between 150-500rev/min [13].

V. TEST BURNISHING WITH THE OPTIMUM GAP

The influence of roller burnishing parameters on the
machined surface roughness was experimentally studied
applying the previously determined gap. Actually beside
the gap distance, the burnishing speed (vi) and feed per
ball (f;) technological parameters have the main effects
on surface roughness. In the consciousness of this was
defined to find optimal values for vy, and fq.

A. Experimental details

Testing sample was a grinded (technical parameters of
grinding: ve=35m s, v/=100mm mint, a=0,02mm) C45-
type steel with the length of 350mm and the width of
130mm. The burnishing tool diameter was 43mm, and the
gap was h=10mm. The balls’ diameters were d=@16mm,
and the bearings were made from steel. For machining, a
Minimum Quantity Lubrication (MQL) system with
20 °E synthetic oil was used.

During the selection of technological parameters the
primary goal was to easy determine the effect of
technological parameters on the burnished surfaces,
therefore, the experiments had two variables (vp and fg).
Both variables have given two values so the number of
experiments was 22=4,

In the practice, the best revolution range is between
150-500rev min? (Fig. 10.), so, the chosen revolution
values were 150rev min and three times of that. Takeing
into consideration the tool diameter, the chosen
burnishing speed were 20 and 60m min. Based on this
logic the feed per ball were 0,033mm ball and three
times of that. The full technological parameters of
burnishing are shown in Table 1.

Table 1. Technological parameters of burnishing
operations
No n Vb fg
' (rev mint) (m min) (mm ball %)

1 150 20 0,033

2 150 20 0,1

3 450 60 0,1

4 450 60 0,033

The quality of burnished surfaces were better than
expected which shows in Fig. 11. The surfaces can reflect
the background like a mirror..

=

Fig. ll'.Lhe machined surfaces from 1 to 4

B. Evaluation

The machined surfaces were measured by roughness
tester (type of MITUTOYO Formtracer SV-C3000). Each
surface was measured three times and the average of
them are presented in the Fig. 12. The original grinded
average surface roughness Ra was 0,469 um. The reason
of the grinded premachined workpiece was chosen to
avoid every confusing effect (e.g. tool vibration or
surface structure and roughness inhomogeneity).
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Fig. 12. The surface roughness evaluation

As it can be seen in Fig. 12. the value of the surface
roughness was reduced to one fifth compared with the
grinded surface. Furthermore, it is also visible that the
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feed per ball has the greatest effect of the roughness
reduction.

VI. CONCLUSION

The aim of this paper is to analyze the optimum gap of
MARB tool. Calculation were used for the analyses of the
KISTLER rotating dynamometer. Both of method gave
the optimum gap, furthermore it was determined that the
burnishing force of 80N per ball using the KISTLER
rotating dynamometer.

As shown in Fig. 9. the influence of gap is not
negligible because 1mm displacement of the tool means
about 50-80N force reduction. This reduction is very
important because the hardening and the surface
improvement depend on the burnishing force as can be
seen in equation, too (4) [19]. This is the main reason,
while the optimum gap has to be determined:

Al |!?
-\IREH (4)
where Al the thickness of hardened surface layer, F (N) is
the burnishing force and Ren (MPa) is the upper yield
strength. The equation (4) shows that the Al thickness cn

be increased by increasing F.

In the second part of the experimental results revealed
that the feed per ball affects the workpiece surface
improvement significantly.

Based on the results, it has been proved that the MABB
tool is suitable to roller burnishing flat or thanks to the

flexible balls almost flat (3D surfaces with flat extension).

VIl.  OUTLOOK

The further scheduled tests are the examination of the
effect of the gap distance (between h=8mm and h=12mm)
on the surface roughness and hardness.

A further examination is also important to get the tool
usability for 3D surfaces. It should be examined what is
the maximum surface topology, when the MARB toll can
be used.

VIII.  NOMENCLATURE

h gap between the tool and workpiece (mm)
b cone high (mm)

rg ball radius (mm)

Fns  magnet attraction force (N

Fr radial attraction force (N)

Fnw  burnishing force (N)

Fm  magnetic attraction force of workpiece (N)
F,  z-axis force (N)

Vb burnishing velocity (m rev?)

fy burnishing feed per ball (mm ball)

n revolution (rev min)

IX. ACKNOWLEDGEMENT
This research is supported by EFOP-3.6.1-16-2016-

00006 "The development and enhancement of the
research potential at Pallasz Athéné University" project.
The Project is supported by the Hungarian Government
and co-financed by the European Social Fund.

REFERENCES

[1] Ecoroll Corporation prospect: Tools & Solutions for
Metal Surface Improvement. Milford, USA, 2006,
pp.: 6-31

[2] G Gomez-Gras, J.A. Travieso-Rodriguez, R. Jerez-
Mesa: Experimental characterization of the influence
of lateral pass width on results of a ball burnishing
operation. The Manufacturing Engineering Society
International Conference, MESIC 2015, Procedia
Engineering 132, 2015 pp.: 686-692

[3] P. Balland, L. Tabourot, F. Degre, V. Moreau:
Mechanics of the burnishing process. Precision
Engineering 37, 2013, pp.: 129-134

[4] T. Hryniewicz, K. Rokosz: Corrosion behavior of
C45 carbon steel after roller burnishing. metal, 2005,
pp.: 24-26

[5] R. Rajasekariah, S. Vaidyanathan: Increasing the
wear-resistance of steel components by ball
burnishing. Wear, 1975, pp.: 183-188

[6] N.H. Loh, S.C. Tam, and S. Miyazawa, A Study of
the Effect of Ball-Burnishing Parameters on Surface
Roughness Using Factorial Design, J. Mech. Work.
Technol., 1989, 18, p 53-61

[7] F. Gharbi, S. Sghaier and T. Benameure: Effect of
burnishing parameters on surface quality and
ductility of Aluminum 1050A rolled sheet by a
newly designed ball burnishing tool. 4th Congrés
International Conception et Modélisation des
Systéemes Mécaniques CMSM,’2011, pp.: 1-8

[8] Y.Q. Wang, S.H. Yin, H. Huang, F.J. Chen, G.J.
Deng: Magnetorheological polishing using a
permanent magnetic yoke with straight air gap for
ultra-smooth  surface  planarization.  Precision
Engineering 40, 2015, pp.: 309-317

[91 T. Furuya, Y. Wu, M. Nomura, K. Shimada, K.

Yamamoto: Fundamental performance of magnetic

compound fluid polishing liquid in contact-free

polishing of metal surface. journal of materials

processing technology 201, 2008, pp.: 536-541

S. Yin, T. Shinmura: A comparative study: polishing

characteristics and its mechanisms of three vibration

modes in vibration-assisted magnetic abrasive
polishing. International Journal of Machine Tools &

Manufacture 44, 2004, pp.: 383-390

Dhirendra K. Singhl, V.K. Jain, V. Raghuram:

Parametric study of magnetic abrasive finishing

process. Journal of Materials Processing Technology

149, 2004, pp.: 22-29

Dhirendra K. Singh, V.K. Jain, V. Raghuram, R.

Komanduri: Analysis of surface texture generated by

[10]

[11]

[12]

174


Zsolt
Szövegdoboz
15th IMEKO TC10 Workshop on Technical Diagnostics Technical Diagnostics in Cyber-Physical Era 
Budapest, Hungary, June 6-7, 2017 


15th IMEKO TC10 Workshop on Technical Diagnostics
Technical Diagnostics in Cyber-Physical Era
Budapest, Hungary, June 6-7, 2017

[13]

[14]

[15]

[16]

a flexible magnetic abrasive brush. Wear 259, 2005,
pp.: 1254-1261

J. Kodacsy, J. Liska: Magnetic Assisted Roller
Burnishing and Deburring of Flat Metal Surfaces.
Advanced Materials Research Vol. TransTech 472-
475 Publication Ltd, Zirich, 2012, pp.: 908-911.
A.M. Hassan, H.F. Al-Jalil, A.A. Ebied: Burnishing
force and number of ball passes for the optimum
surface finish of brass components. Journal of
Materials Processing Technology 83, 1998, pp.:
176-179

E. 1. Bernicker: Efficient lubrication of shaft
burnishing operations. Wear, 1971, pp.: 260

AM. Hassan, A.S. Al-Bsharat, Influence of
burnishing process on surface roughness, hardness

[17]

[18]

[19]

and microstructure of some non-ferrous metals,
Wear 199, 1996, pp.: 1-8

M.M. El-Khabeery, M.H. EIl-Axir: Experimental
techniques for studying the effects of milling roller-
burnishing parameters on surface integrity.
International  Journal of Machine Tools &
Manufacture 41, 2001, pp.: 1705-1719

KISTLER.

http:  www.kistler.com/hr/en/products/products-by-
applications/tool-development-and-assessment-
products/#rotating__multi__component__dynamom
eter_up_to 12000 _1 min_9171 a, 2017.03.20.
Zsolt Maros: Lifetime Increasing machining.
Hungary, 2009, pp.: 16.

175


Zsolt
Szövegdoboz
15th IMEKO TC10 Workshop on Technical Diagnostics Technical Diagnostics in Cyber-Physical Era 
Budapest, Hungary, June 6-7, 2017 




