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FE INVESTIGATION OF SURFACE
BURNISHING TECHNOLOGY ABSTRACT

Abstract. This paper investigates the finite element analysis of cold forming diamond burnishing
process on aluminium alloy, where the input parameters are force, feed rate and speed, as an output
parameter the changing of surface roughness is analysed. This lifetime increasing process effectively
reduces roughness, improves shape correctness, and increases the hardness of the sub-surface area.
Machining simulation of the turned surface before burnishing is based on the real model,
corresponding to the measured values, by using DEFORM-2D software in order to validate the
improvement of surface quality with numerical values too.

Keywords: lifetime-increasing surface hardening technologies; burnishing process; surface roughness;
polycrystalline diamond; finite element (FEM) model.

1. INTRODUCTION

During operation, the individual components and their surfaces of a machine are
subjected to several forms of damage caused by stress (mechanical, thermal,
chemical, etc.), so lifetime-increasing surface hardening technologies have an
important role in industrial practice [1-2]. Furthermore, there is a growing demand
for material- and energy-saving processes that can be implemented
environmentally friendly without special conditions [3-4] even to be applied to
non-iron-based material quality such as the subject of the present study.

A preferred and efficient solution is burnishing, which use sliding relative
displacement, decreases surface roughness, increases the micro-hardness of the
sub-surface area and corrosion resistance by rearranging the dislocations. It also
improves shape correctness and does not require large amounts of coolant
lubrication [3-6]. Industries apply, for example, to finishing hydraulic cylinders,
pistons, bearing bushes and rings, crankshafts [6].

The aim of our study is to model the effects of the different burnishing parameters
(burnishing force, speed, feed rate) on the surface quality. In the past many
researchers have placed great emphasis on the theoretical study of technology [7-
11] and there is still a special need for a reliable finite element (FEM) model that
provides a basic understanding of the mechanics of the process.

In this paper 2D FEM model for surface burnishing technique is established and
results show that the developed model is useful for predicting the surface
roughness. The usage of this method allows to reducing partial or totally the high
cost of experimental testing.

© V. Ferencsik, V. Gal, 2020



ISSN 2078-7405. Cutting & Tools in Technological System, 2020, Edition 93

2. BURNISHING PROCESS AND THE IMPLEMENTATION OF IT

Burnishing is used as a finishing treatment. If the surface integrity of the
previously machined surfaces need to be improved, it is also suitable as a substitute
for conventional machining such as grinding and lapping.

The surface quality of the manufactured parts is a constant priority in the
development of mechanical engineering technology and machining. It is
determined by the condition of the surface layer and the created topography. As it
has a decisive influence on the functional properties and lifetime of components,
investigations to pre-determine (estimate) surface roughness parameters are
important. In these publications, researchers use different approaches, one of the
important directions is the analysis by determining the roughness of the theoretical
surface created by modelling. This approach has been successfully applied to
machined surfaces, so the change of roughness values for rotating tools could be
analysed for special tools [12] and different inserts [13, 14].

During burnishing the reduction of surface roughness is caused by the interaction
between the tool and the specimen with surface sliding friction between them. The
kinematic relations in the burnishing process can be seen in Fig. 1.
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Figure 1 — Schematic illustration of burnishing [15]

Burnishing of outer cylindrical surfaces can be realized on conventional lathes and
CNC lathes as well. In this experiment the operation was executed on OPTIMUM
(OPTIturn L-Series 440) flatbed CNC lathe using PCD (polycrystalline diamond)
tool with 3.5 mm radius with 12 N burnishing force, 0.001 mm/rev burnishing feed
and 15 m/min burnishing speed.
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3. FINITE ELEMENT ANALYSIS OF BURNISHING PROCESS

The finite element simulation of burnishing process was made by the DEFORM FE
code. The simulation was created as a 2D problem to achieve the best
comparability between the physical and modelled surface roughness reduction.

For the simulation of the technology, a hemispherical tool with 3.5 mm radius was
needed. The burnishing force was 12 N and the relative movement on the surface
was constant 0.001 mm/s, while the moving direction was parallel to the axis of the
workpiece and perpendicular to the surface. The modelled specimen’s surface is
based on the physical surface. Before burnishing, the physical workpiece was
measured on a 4 mm long distance with Altisurf 520 free dimensional topography
measuring device. The surface points - determined with the physical measurement
- were imported to the DEFORM FE code to define the surface of the simulated
workpiece. To create the accurate axisymmetric problem, the thickness of the 2D
workpiece has to be equal to the radius of the specimen used for physical
measurement. The results of the preliminary conducted simulations with the above-
mentioned parameters show that the process has an effect up to 0.15-0.17 mm in
the subsurface area. Accordingly, the thickness of the workpiece was set to 0.2 mm.
The tool was rigid, and the workpiece was assumed as an elastoplastic body. In FE
modelling, the application of the appropriate mesh is a critical issue in the point of
view of results. In the present case, careful attention had to be paid to ensure, the
surface roughness is not changing as a result of the meshing. Thus, square elements
with a side length of 0.01 mm was used at the surface. After meshing, the surface
roughness changed from the physically measured from 1.478 pum to 1.457 um.
With an even smaller side length of the mesh, the surface roughness can be more
accurately following, but in this case the calculation time would increase
significantly. Fig. 2 shows a section of the tool and the meshed workpiece.

Burnishing
tool

Figure 2 — Section of the 2D burnishing model with the workpiece
and tool in DEFORM FE code
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For describe the formability of the workpiece made of 6065 high strength
aluminium in TO condition, the mechanical properties of it need to be specified.
The elastic behaviour of the material was specified with the Young modulus
(68900 MPa) and a Poisson’s ration (0.33). At elastoplastic materials beyond the
Yield stress, elastic and plastic deformations occur simultaneously. The stress
value required for further plastic deformation (so the flow stress) changes with the
deformation of the material. The DEFORM FE code provides different methods to
defining the flow stress changing along deformation. In this paper we have used
the Power law which can be described by the following equation:

Gg=céeM+y 1)

where & is the flow stress, € is the effective plastic strain, £ is the effective strain
rate, ¢ is a material constant, n is a strain exponent, m is a strain rate exponent, and
y is an initial value [16].

After determining the geometries and behaviour of the material, the contact
between the tool and the workpiece and boundary conditions had to be specified.
The simulation was carried out as an isothermal problem, so the change in the
temperature was not considered. Since lubrication was used during the physical
measurement the friction between the tool and the specimen was considered zero.
To achieve an accurate result the separation criteria (which defines how the nodes
of the workpiece on the surface of the tool will behave when tensile force appears)
was also considered as zero.

4. RESULTS

After running the FE model made from the physical measurement, the comparison
was performed based on the change in the surface geometries. Diagram 1 clearly
shows the difference between the turned meshed workpiece surface (before
burnishing) and the surface profile obtained after running the simulation.
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Diagram 1 — Change in the surface profile after the burnishing simulation

The numerical results of the realized experiment and the simulation are
summarized in Table 1.
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Table 1 — Numerical results of arithmetical mean roughness (Ra)

Ra [um]

Experiment FE model
Turned 1,478 1,457
Burnished 0,0965 0,0916

5. SUMMARY AND DISCUSSIONS

In this paper 2D finite element model of ball burnishing process was developed with the
same parameters as the empirical experiment by DEFORM-2D software. After running
the simulation and evaluating the results, the following conclusions can be stated:

e Burishing can be used effectively with these parameters (F, = 12 N;
f = 0.001 mm/rev; v, = 15 m/min) according to the experiment and the modelling
results as well.

e During simulation, choosing the right mesh size has a great importance for the
credibility of the model.

¢ Numerical roughness Ra presented a good approximation with the experimental result
considering that minimal simplifications of the model, the extent of the deviation is
5.35 %, so applying the simulation, the optimum ball burnishing conditions can be
obtained to control the surface response.

The undertaken numerical studies will be continued, in the future we would like to

examine and simulate the changing of stress conditions and surface micro-hardness

caused by burnishing process.
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Bikropist ®epenunk, Bikrop ["an, Mimkossl, YropimuHa

KIHIHIEBO-EJIEMEHTHE JOCJII>KEHHSA
TEXHOJIOT'Ti BUT'JIAJ[)KYBAHHSA ITIOBEPXOHb

AHoTais. TexHoI02ii NOBEPXHEBE020 3MIYHEHHS], WO 30LILULYIONL MEPMIH CILYIHCOU Oemaneti MauuH, 2parme
8aHCIUBY POTb 6 NPOMUCTOBIN npakmuyi. Kpawum i epexmusHum pitueHHAM € 6UIA0HNCYBAHHS, NPU SIKOMY
BUKOPUCIMOBYEMbCS.  BIOHOCHE NEPEMIUEHHS. 3 KOB3AHHAM, 3MEHULYEMbCS  WOPCMKICMG — NOBEPXHI,
30LILULYEMbCS MIKPOMEEPOICHb NION08epXHe6oi 0onacmi i Kopo3itina CMIIKICHIb 3a PAXYHOK NepecmanosKu
oucnokayii. Memoto yboco O0CNiONCEHHA € MOOeNOBAHHA 6NIUGY PISHUX —napamempie npoyecy
BUSNAONHCYBAHHSA (CUNA NPUMUCKY, WBUOKICMb BUIAONCYBAHHS, WBUOKICMb NO0AYi) HA AKICMb NOBEPXHI.
Icnye ocobnusa nompeba 6 naoiiniu Kinyeso-enemenmnoi mooeni (MCE), saxa oac 6azose po3yminms
Mmexanixu npoyecy. Y yiti cmammi npedcmaenena 2D-modens FEM 0nss Memooy 8u2naoicyeamHst noeepxHi.
Bukopucmants ybo2o mMemoody 0036015€ 3HAUHO SHUSUMU 6APMICIb eKCNEPUMEHMATLHUX 8unpodyséars. 110
uac GUSNAONCYBAHHS IMEHUIEHHS WOPCMKOCHIE NOBEPXHI BUKTIUKAHO 63AEMOOIECI0 THCMpPYMeHnty i 3paska 3
NOBEPXHEBUM MePMAM KOB3AHHS Mid HUMU. B yvbomy excnepumenmi onepayis 6y1a 6UKOHAHA HA MOKAPHOMY
sepcmami 3 YIIY OPTIMUM (OPTlturn L-Series 440) 3 euxopucmannam incmpymennyy PCD
(nonixpucmaniunuil anmas) 3 padiycom 3,5 mm i3 sycunnim npumucky 12 H, nooauero 0,001 mm / 06 i
wieuoxicmio euenaddxcyeanns 15 m / x6. 'V oawmiti pobomi 2D 3euuaiino-enemenmua mooenb npoyecy
BULTIAONCYBAHHS. KYILKOIO 6YIa pO3POONEHA 3 MUMU HC NAPAMEmpamil, Wo i eMRIPUYHULL eKCNepUMEHm 3a
donomoeoro npoepamu DEFORM-2D. ITicis moOentosanist i oyinKu pe3yabmamie MojiCHA 3p00umu HacniynHi
BUCHOBKU: BULTIAOHCYBAHHS MOJKce Oymu eghekmusHo suxopucmaro 3 napamempamu (Fy =12 H; = 0,001 um
/06, Vly = 15 M / X8) 8i0n06ioHo 00 excnepumeHmom i pesyibmamamu Mooemoéarts. 11io yac mooenrosanns
BUOID NPABUTLHO20 POMIDY CIMIKU MAE BETUKE 3HAUEHHSL OISl 00CMOipHOCHE Modei. Benuwuna wiopcmkocmi
Ra s8156 06010 000pe HaAOMUNCEHHA 00 eKCNEPUMEHMATILHO20 Pe3yibmamy, 6paxogyioull, wo npu
MIHIMATOHUX — CHPOWEHHA  MOOeli  CHIyniHb — eioXunenHs cmanogums  5,35%, momy, 3acmocosyiouu
MOOENIOBAHHS, MOJHCHA OMPUMANTYU ONIMUMATILHI YMOBU BULTAONCYEAHHSL.

Kinlo4oBi ci10Ba: nosepxmese 3mMiyHeHHs; GUSIAONCYBAHHA, WOPCHKICIb NOBEPXHI; NOMKPUCIANTYHUL
anmas; KiHyego-eleMeHmMHA MOOeb.



