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Abstract To reduce the irregularities of machined surface,
burnishing is used as a finishing process by plastic
deformation. This process does not only improve surface
finish but also generates compressive residual stresses
throughout the surface. In this work, an analytical study
and a finite element modelling were performed to provide a
fundamental understanding of the burnishing on an AISI
1042 workpiece. The analytical results were concentrated
on the surface roughness and on some burnishing parameter
effects. The simulations were devoted to the study of the
surface profile, the residual stresses and the influence of
burnishing parameters (penetration depth, feed rates, diam-
eter of the ball of burnishing tool and initial surface quality)
on surface roughness and the residual stress distribution. It
has been noted that burnishing improves surface quality and
introduces compressive residual stresses. These results were
successfully compared to experimental data obtained in
previous works.

Keywords Burnishing - Roughness - Residual stresses -
Finite element modelling - Analytical modelling

1 Introduction

The machining process such as turning, milling, leaves
irregularities on the surface, and it becomes necessary to
carry out finishing operations in order to improve the state
and the characteristics of the surface. Burnishing consists to
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the application of a pressure through a hard ball or roller.
The tool generates a regular plastic deformation on the
contact zone. Consequently, some modifications occur on
the geometrical aspect of the surface, the residual stress
level in the surface layer and some mechanical properties.
To analyse the burnishing operation, an analytical model is
established in this work to determine the obtained surface
quality, to evaluate the parameters of roughness (the
average roughness R, and the total roughness R;) and to
study the influence of feed, penetration depth and ball
diameter on the roughness evolution. A finite element (FE)
model of the burnishing process was then built. The
numerical results such as surface profile, residual stresses
and the influence of burnishing parameters were evaluated
and then compared with the experimental results obtained
from the authors’ previous works [1, 2].

Bouzid et al. [1] have established an analytical model to
analyse the surface roughness after burnishing. This
analytical model depends on the tool geometry, the initial
surface roughness and the burnishing parameters (feed rate
and penetration depth). The penetration depth of the
burnishing tool is estimated by Hertz theory where the tool
and the workpiece were supposed to have elastic behaviour.
These authors have studied only the case for which the
penetration depth is smaller than the initial surface
roughness. In that study, the initial surface is obtained by
turning or by grinding after turning. In the present study,
the considered initial surface has a theoretical profile, which
is generated by the cutting tool movement. The final
surface profile depends also on the burnishing penetration
depth, which can be smaller or higher than the initial total
surface roughness. The burnishing penetration depth is
estimated by the Hertz theory. Referring to this theory, the
giving penetration depth is higher than the initial surface
roughness. This case is presented in the present paper. It
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gives the lowest values of roughness comparing to the first
case. Korzynski [3] has developed an analytical model,
which includes the mechanical properties of the workpiece
material, the geometry of the contact between workpiece
and a spherical tool, the initial surface roughness and the
penetration of the peaks of surface asperities. The devel-
oped model is restricted to a penetration less than the initial
surface roughness. Black et al. [4] have estimated analyt-
ically the burnishing force, the depth of the final burnished
layer and the plastic strain by using a slip-line model.

Bouzid et al. [2] have developed a three-dimensional
(3D) FE model. The used model considers a cylindrical
workpiece with an elastoplastic behaviour and a rigid ball.
However, the initial surface is assumed to be perfect
(smooth surface). The results were focused on the study
of the material penetration, the residual stress distribution
and the total roughness evolution with the feed. The total
roughness qualifying the final surface is calculated by
the mean of the analytical model determined in [1]. The
residual stresses were analysed in a single point at the
surface. Yen et al. [5] have also studied the burnishing
process on an AISI 52100 workpiece by the mean of the FE
method. They have established a 2D and a 3D model. The
models consider a workpiece having an artificial surface
roughness (regular surface profile) with an elastoplastic
behaviour and a rigid ball. The simulation results, which are
a comparison between the two models, are concentrated on
the final surface profile and the residual stress distribution.
The 3D model established in [5] has led to more realistic
surface deformation compared to the 2D model. However,
their 2D model seems to better predict the residual stresses
than the 3D model.

Sartkulvanich et al. [6] have established a 2D model. In
this model, the workpiece material is the same as the one
used by Yen et al. [5]. The workpiece surface presents also
an artificial roughness profile. The final surface profile, the
residual stress distribution and the influence of feed rate
and burnishing pressure on surface properties are predicted.
Sartkulvanich et al. [6] have also studied the effect of initial
residual stresses generated by hard turning. In the present
study, the FE model considers a workpiece presenting a real
surface roughness profile, which is obtained by turning.
This real profile is taken into account in the mesh. The
introduction of an artificial surface roughness would lead
de facto, in the same way as the analytical model, to a final
regular surface profile. From a qualitative point of view, the
final surface will not look like a real experimental profile.
Moreover, it is expected, with such approach to underesti-
mate the roughness parameters.

The paper is organised in the following manner. In
Section 2, the roughness parameters (R, and R;) are
expressed with the burnishing parameters and the geometry
of the burnishing tool. A study of the influence of the feed
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rate, the penetration depth and the diameter of the tool is
given in that section. In Section 3, the FE modelling is
explained in details. In that section, the geometric model
and the used mesh are shown together with the boundary
conditions and the material behaviour. Typical results, in
terms of final surface roughness profile, residual stress
distribution and a study of the influence of burnishing
parameters (feed, penetration depth, speed, diameter of the
tool and initial surface quality) on surface roughness and
residual stresses are given. Section 4 is devoted to the
comparison between the simulated and the experimental
results. Some concluding remarks are given in the last
section.

2 Analytical model

The workpiece is initially turned at 60 mm of diameter. The
surface, which is generated by the turning tool, depends
mainly on the feed rate fr and the nozzle radius r. of the
tool. Referring to the experimental data [1], the cutting
parameters in turning are depth of cut pr of 0.5 mm and
feed fr of 0.065 mmv/tr. The carbide turning tool (P35) is
characterised by a radius 7. of 0.8 mm, an angle of attack ¢
of 5° and an angle of direction of the edge K, of 95°. For
the given turning parameters, the experimental profile has a
total roughness Ry;, which is the maximum height between
the higher peak and the lower valley along the evaluated
length of 6.3 pm. The theoretical profile has an R; of
0.66 pm.

For a burnishing operation (Fig. 1) with an applied force
F of 350 N [1], the penetration depth pg (Eq. 1) of the
burnishing tool is predicted by the Hertz theory. More
details are given in the work of Bougharriou et al. [7].
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Fig. 1 Penetration depth of the burnishing operation
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where K; and K, are, respectively, workpiece and tool
material parameters. a denotes the semi axis, and 7 is a non-
dimensional parameter. They are given by:

o 1-— Vi o 1-— V2

Ki=—1" K=— 2
! 7Z'E1 2 7Z'E2 ()

1
3n(Ki + Ky)F :
a=—m n n
2(C1 + Cl + C + Cz)

(3)

R, E| and v, denote the radius, Young modulus and
Poisson’s ratio of the workpiece, respectively. R,, E> and v,

denote the radius, Young modulus and Poisson’s ratio of the
burnishing ball, respectively.

C, and (', are the maximum and the minimum curvature
of the workpiece. C, and (', are the maximum and the
minimum curvature of the burnishing ball.

r and m depend on the angle ¢ [8], which is calculated as
follows:

R,
-t 4
S0 = R TR (4)

The penetration depth pg estimated by the Hertz theory
is 8.3 um. The penetration depth pg is higher than the
initial roughness Ry; and the height of the asperities /.

2
(hG = l25f£ = 0.12 um, fg = 0.065 mm /rev and R, = 4.5 mm (radius of tool ball))

Ry

In this case, the final profile (Eq. 5) after burnishing is a
series of intersection of circles arcs given by the positions i
and i+1 of the ball (Fig. 2):

y(x) = \/4.52 — (x—0.065i)* with i= E(%) (5)

G
E is the integer part of <fi>
G

The total roughness R,, which is the maximum height
between the higher peak and the lower valley along the
evaluated length, is given by Eq. 6 and is equal to 0.11 pm
(Fig. 3). The average roughness R, of the final profile is
given by Eq. 7. The parameter roughness R, is determined
by estimating a mean line x that divides equal areas beneath
the surface profile between positive and negative regions
[9] (Fig. 4). It is equal to 0.02 um (Eq. 8).
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Fig. 2 Analytical burnished profile
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Y(x) is the equation of the profile defined to the mean line.

V() = () — Yoy = () — 1 <R2 R - (fg)z> Yiney

is the average value of y(x). The average roughness Ra is
then given by:

R; 1
R, = |-Zatan Js - =R (8)

o o) 2

For the given penetration depth pg, which is higher than
the initial roughness R; and higher than the height of
asperities sg, which depends on feed, the analytical results
(Fig. 5) show that the roughnesses R, and R,, which are
modelled, respectively, by Eqgs. 6 and 7, increase with the
feed rate. After burnishing, the best surface quality is
obtained for the feed of 0.065 mm/rev, which is the lowest
feed.

The roughness parameters (Egs. 6 to 7) are independent
of the penetration depth. Note that in the case where the
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Fig. 3 Superposition of
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penetration depth is lower than /g, the equation of the
profile (not discussed here due to the lack of space) is such
as:

y(x) =Ry —pc if x;=f5(ia = 1)+ /po(—pc +2Ry) < x < xp, = iaf — V/po(—pc + 2Ry)

y(x) =\/R3 — (x - ifc)’ if  x;, = ife — Vp6(—pc + 2Ry) < x < x;, = \/pa(—pc + 2R>) (9)

This profile leads to expressions of the evolution of the
total roughness R; (Ri=pg) and the average roughness R,
(Eq. 10). These expressions show that the roughness
parameters R, and R, increase with the penetration depth
of the burnishing tool.

1 1 X, — 1
5 G = iafG)\/ RS = (x, — ifa)” + §R§atan LB

R% - (xfz - iZfG)z
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Fig. 5 Roughnesses evolution with feed for pg>R;; and pg>hg

Figure 6 shows the evolution of roughness parameters
with the diameter of the ball of the burnishing tool. For a
feed of 0.065 mm/rev and a penetration depth of 8.6 pm
higher than the height /g, the results show that these
roughness parameters decrease with the diameter of the
tool.

3 Finite element modelling

The studied analytical model considers a workpiece with
elastic behaviour instead of the realistic elastoplastic
behaviour. The material behaviour may affect in a consid-
erable way the obtained results. For that purpose, a FE
model of the burnishing process is investigated in this
section, taking into account the elastoplastic behaviour of
the workpiece and the tool rigidity.

3.1 FE model description

The simulations were performed using the FE software
Zebulon [10]. The modelling of the burnishing process
concerns a cylindrical workpiece (Fig. 7). The workpiece
diameter and length are, respectively, set to 30 and 4 mm.
The initial workpiece surface is obtained by turning. The
experimental roughness profiles are taken into account in
the initial mesh (Fig. 7) (real surface profile). The mesh is
computed by the linear interpolation of the measured data
points. These points belong to the roughness surface and
are sufficiently close to each other to correctly capture the
surface irregularities (i.e. peaks and valleys). Each pair of
neighbour point is the start and the end points of a straight
line segment. The burnishing process is restricted to the
simulation of a single pass of a rigid ball. The ball diameter
of the burnishing tool is set to 9 mm. Because of the
symmetries of the problem, the FE modelling considers
only the eighth of the burnishing ball (tool) and the fourth
of the cylindrical workpiece. The burnishing ball mesh
includes 1,470 eight and six node elements. However, the
workpiece is modelled with 11,025 eight and six node

elements. Because of the extremely large computational
time required for the simulation of the three-dimensional
model, a simplified plane strain two-dimensional model is
considered (Fig. 7). Some preliminary comparisons be-
tween the 2D and the 3D models are conducted to check the
2D model validity. Indeed, the results related to the 3D FE
model show that the strain in the third axes is very small
comparing with those in x and y directions. In this case, the
burnishing ball was modelled with 261 four node elements.
The workpiece mesh is generated using the software
GMSH [11]. This tool guarantees a free mesh refined in
the critical part of the surface in contact with the ball. The
workpiece mesh includes 9,824 three node elements.

The contact between the tool and the workpiece is
modelled by the classical Coulomb law with a friction
parameter x=0.1. The burnishing conditions are the feed
rate of the tool set to f=0.065 mm/rev [1], the speed fixed
to V=105 m/min [1] and the penetration depth of the tool
evaluated to pg=7.6 pm. The penetration depth pg,
corresponding to the experiment burnishing force of 350 N
[1], is predicted from a 3D indentation simulation test.

The applied boundary conditions on the workpiece are
shown in Fig. 7. To avoid sliding while in contact with the
workpiece, the ball (tool) is subjected to a specific
combination of the following movements:

— displacement along the y direction corresponding to the
penetration depth of the tool (Uy=pg)

— displacement along the x direction corresponding to the
feed rate of the tool (Ux=fg)

The coordinates of the point M (Fig. 8) at any time ¢ is
then given by:

xm(t) = pcos(a+6(t)) — pcos(ar) + Axc(t) (11)
() = psin(a +0(1)) — psin(@) + Ay (1) (12)
Av(t) = Vit =22 6 ft = —Ro0 13
ot) = Vit =——"0Jct = —Re8(1) (13)
0.2
E 0.15- o Ra
1 o -x
}f 0.05-
0 A\A\A\“‘“

0 5 10 15 20 25
Tool diameter (mm)

Fig. 6 Roughnesses evolution with tool diameter for pg>hg
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Fig. 7 Finite element mesh and boundary conditions

Workpiece

Fig. 8 Ball movements
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where Ax.(¢) and Ay(¢) are the displacements of the centre
¢ along the x and the y directions, respectively:

Aye(t) = pa (14)
. 2 2
with 6 = 62";(')'—4122 = ?10—1;2 given by the condition of rolling

without sliding « and 6 are, respectively, the angular
position of the point M to the x axis and the speed angle of
the ball. R; and R, are, respectively, the radius of the
workpiece and the ball. p is the position of the point M far
from the centre c.

The workpiece is assumed to have an elastoplastic
behaviour. The total strain tensor is split into an elastic
part and a plastic part. The elastic strain is given by the
Hooke law.

E=¢,+e, o=A:5, (15)

The used unified model [12, 13] involves an isotropic
hardening variable with non-linear expansion or contraction
of a von Mises yield. Because of the lack of experimental
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tests related to the material behaviour, kinematic hardening
is not taken into account. The following von Mises yield
function is used to describe the elastic domain.
f=n(0) =R R=Ro+0(1—exp(~bp))  (16)

In the case of a monotonous tensile test, the plastic strain
€p 1s equal to the cumulated plastic deformation p. S (o) is
the second invariant of the deviator of the stress tensor o.
The variable R indicates the isotropic part of the hardening
(expansion of the elastic domain). Ry denotes the initial
yield, Q is the hardening saturation (positive or negative)
and b is the rate of saturation. The Young’s modulus E, the
Poisson’s ratio v and the values of model parameters were
obtained by the best fit to the experimental tensile stress—
strain curve [2] (Table 1).

3.2 Simulation results

In this section, the surface roughness profile of the
burnished surface is predicted, and the average roughness
R, and the total roughness R, are determined. These
parameters are calculated for a base length of 0.5 mm on
the middle of burnished zone far from the edges. Indeed, in
the two-dimensional FE simulation, the workpiece is
submitted to zero displacement on the right and on the left.
The axial and the tangential residual stresses are also
analysed in this section. The distribution of theses stresses
through the depth from the machined surface is taken along
four points located in the middle of the burnished surface.
Moreover, a study of the effects of burnishing parameters
(penetration depth, feed and diameter of the tool) on surface
roughness and on the level of the residual stresses is
performed.

3.2.1 Surface profile

Figure 9 shows the superposition of the initial and the final
simulated profiles. The FE simulation of burnishing process
shows that the surface quality of the workpiece is
improved. The material is moved by plastic deformation
by filling the valleys and by decreasing the height of the
peaks. The roughness parameters R, and R, for a surface
obtained by turning are, respectively, 1.33 and 6.3 um.
After burnishing, the simulation results show a reduction on
the level of these parameters. The obtained roughnesses are
0.32 pm for R, and 2.6 pm for R,.

Table 1 Workpiece material parameters

E (GPa) v Ry (MPa) 0 (MPa) b

210 0.3 300 570 11

3.2.2 Residual stress

Figure 10 shows the evolution of axial and tangential
residual stresses, obtained by simulation, through the depth
of the workpiece and at four points P1, P2, P3 and P4
located along the x direction, respectively, at 4.76x10 2,
23.8x10 7%, 34.1x10 and 42x 10> mm. The axial stress
follows the x direction, while the tangential stress is the
stress in the z direction. The normal residual stress in the y
direction is very small compared to the axial and the
tangential residual stresses. The FE results show that the
burnishing process is at the origin of the compressive
residual stresses in the surface layer of the workpiece.
These stresses concern a depth almost of 600 pm. The axial
and tangential residual stresses have the same variation.
The numerical results show that the maximum values of
these compressive residual stresses are located on the
surface. These stresses (in terms of absolute values)
decrease towards a depth of 600 um from the machined
surface. By increasing the depth, they increase and then
decrease with change of sign and become negligible.

3.2.3 Effect of burnishing parameters

In this section, the results are focused on the effect of the
burnishing parameter “penetration depth”. The effect of the
other parameters is then briefly described. For a feed of
0.065 mm/rev and a speed of 105 m/min, the simulation
results (Fig. 11a) show that the average roughness R, and
the total roughness R, decrease with the increase of the
penetration depth up to an optimal value and then increase.
In this case, the penetration depth giving the minimal
values of roughnesses is about 7 pm. This result is
explained by the fact that the increase of the penetration
depth involves a rise of the burnishing force. As a
consequence, the applied stress and then the action of the
plastic deformation increase, which reduces the irregulari-
ties of the surface and the values of the roughnesses R, and
R, until a certain limit. At this limit, the material is more
deformed. Because of the imposed boundary conditions on
the workpiece edges, the material is then escaped upwards
when increasing the penetration depth. This leads to an
increase of the level of the roughness parameters.

In terms of residual stresses, the simulation results
(Fig. 11b) show that the average of the axial and the
tangential residual stresses are influenced by the penetra-
tion depth of the burnishing tool. The value of the
compressive residual stresses increases with the penetra-
tion depth. It is also noted that the affected depth grows
also with the penetration depth. These results can be
explained by the fact that by increasing the penetration
depth, the burnishing force or pressure increases, which
lead to the increase in the plastic deformation and
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Fig. 9 Superposition of 5
roughness profiles: profile after

turning for pr=0.5 mm, 47
fr=0.065 mm/rev and 34
Ve=200 m/min; final simulated 2

profile for pg=7.6 um,
f6=0.065 mm/rev and

Final simulated profile

— Profile after turning

y (um)

V=105 m/min

consequently to the increase of the compressive residual
stresses and the affected depth.

The simulation results show that the increase of the feed
involves the increase in the roughness parameters R, and R,.
These results show also that the best surface quality is
obtained for the lowest feed rate. In term of residual
stresses, the simulation results show that the axial and the
tangential residual stresses are weak influenced by the feed.
The FE results show that the roughness parameters decrease
first with the increase of the diameter of the tool and then
increase slightly and finally stabilise.

4 Discussion

The experimental techniques used by Bouzid et al. [1] are
first recalled. The burnishing process is carried out on a
cylindrical workpiece with a diameter of 60 mm and a
length of 20 mm obtained by turning, by a carbide tool. As
for the burnishing tests, the used tool made of carbon
chromium steel is a ball of 9 mm of diameter. The tool
applies a force of 350 N on the machined surface. The
friction and temperature elevation between tool and

100

0

-100

-200

-300

-400

Tangential residual stress (MPa)

-500 P2
-600
1 1.5 2
Depth (mm)
Fig.
105 m/min
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Position of measuring length (mm)

workpiece was limited by lubrication with oil. The surface
profile was analysed in the feed direction using a DIAVITE
roughness control instrument. The residual stresses were
evaluated in terms of variation with the depth from
machined surface by the X-ray diffraction method.

4.1 Surface profile

The surface quality is improved by burnishing. Under the
action of the tool, the material is moved by plastic deformation
by filling the valleys and decreasing the height of the peaks.
Indeed, in the case of the AISI 1042 initially obtained by
turning (Fig. 9), the analytical model (Fig. 2) and the FE
modelling (Fig. 12b) of the burnished surface profile show as
the experiment (Fig. 12a) that the final surface quality is
improved. The surface profiles obtained by the two types of
modelling differ from the experimental profile, leading to a
difference in roughness values. The analytical model gives
the lowest values. This result can be explained by the fact that
the material spring back, and the position errors of the centre
of the burnishing tool are not taken into account. The 2D FE
model cannot predict exactly the values of the roughness
parameters due to the numerical errors in the simulation, the

100 ;
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10 FE results of axial and tangential residual stresses distributions through the depth obtained for pg=7.6 pm, /G=0.065 mm/rev and V=
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Fig. 11 Effect of penetration (a)
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measurement errors from experiment, the consideration of a
simplified plane strain model and the discrepancy in the
working conditions. In the FE modelling, the workpiece is
supposed to be fixed, which is not the case in the experiment.
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According to the study of the two initial surface qualities
(surface obtained by turning (7) and surface obtained by
grinding after turning (G)), it can be noted that the surface
quality after burnishing is linked to the initial surface. The
initial surface obtained by grinding after turning led to a
surface quality after burnishing (GB) better than that
obtained by burnishing after turning (TB) (Fig. 13).

4.2 Residual stress

The FE analysis shows that the burnishing process
produces compressive residual stress on the surface. The
FE results are in agreement with the previous experiment
[1]. Figure 14 gives the evolution of the axial and tangential
residual stresses obtained by simulation and by experiment
in the cases of the surface initially turned. The simulated
axial residual stresses present the same evolution as the
experiment. The introduced maximum residual stress by
burnishing on the surface coincides with the experiment.
Moreover, the 2D simulation with the plane strain hypoth-
esis cannot provide the values of the tangential residual
stresses. The average tangential residual stress value on the
burnished surface is almost of =440 MPa, which is less (in
terms of absolute value) than the experimental value
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Fig. 13 Influence of the initial surface quality

(—962 MPa). In this case, a discrepancy is noted between
the simulated and the experimental results. These differ-
ences are initially due to the initial residual stresses. The
emission of heat during the formation of chip in turning
process induces residual stresses on the machined surface
of the workpiece. Before burnishing, the workpiece dis-
plays residual stresses caused by the turning process.
Turning generates a traction axial residual stress and a
compression tangential residual stress [1]. On the other
hand, in the FE model, these initial residual stresses are not
taken into account because of the absence of the initial and
experimental field distribution of the residual stresses in the
workpiece. Moreover, the axial and tangential residual
stresses evolutions obtained by FE modelling fit well with
the evolution of the average of stresses taken along the four
points located in the middle of the burnished zone.
However, the experimental results correspond to the
evolution of the residual stresses along one point only.

4.3 Effect of penetration depth

The mean roughness and the total roughness decrease with the
increase of the penetration depth up to an optimal value and

then increase. Qualitatively, the FE modelling results are in
agreement with the experimental results of Loh et al. [14].

The compressive residual stresses values increase with
the penetration depth. It is also noted that the depth, starting
from the surface and affected by the compressive residual
stresses, increases with the penetration depth of the tool.
These results are qualitatively in agreement with the results
of Sartkulvanich et al. [6]. By increasing the penetration
depth, the burnishing force or pressure increases, which
leads to the increase of the residual stresses values.

5 Conclusion

In this study, an analytical model is carried out to
characterise the final surface profile with geometrical and
burnishing parameters. A 2D FE model is also carried out
to predict the surface characteristics obtained by burnishing.
The originality lies in the fact that the final surface quality
is predicted using an initial surface having a real roughness
profile, which is obtained by turning. The FE results are in
agreement with the experiments. The obtained results show
that the burnishing process improves surface quality. It
gives a decrease of about 75% and 59%, respectively, for
the average and the total roughness of the surface profile.
The obtained results show also that the burnishing process
generates a compressive residual stresses in the surface
layer, and the affected depth depends essentially on the
burnishing penetration depth. That may introduce an
improvement of the mechanical characteristics of the
surface. A simulation of the influence of some burnishing
parameters is also carried out in order to predict the optimal
values leading to a better quality of a machined surface.
The obtained results lead to the following conclusions:

— The final surface depends on the burnishing tool
penetration depth. For the studied model, a burnishing
depth of 7 um gives the reduced roughness parameters.
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The best surface quality is obtained for the lowest feed.
A burnishing tool diameter of 9 mm deals to the lowest
values of roughnesses.

The burnishing penetration depth presents a great
influence on the residual stress and on the affected
depth (depth which is affected by the compressive
residual stress), whereas the feed rate introduces a
weak effect.

The 2D FE model cannot predict precisely the values of

the roughness parameters and residual stresses. To improve
the results, the following points will be considered:

The real workpiece material behaviour should be
improved by the incorporation of a largest data base
of experimental tests to fit the material parameters. In
particular, special attention should be paid to the
kinematic hardening.

The use of the 3D FE model is conditioned by the
availability of an experimental 3D roughness profile
after turning.

The initial residual stresses generated by the turning or
grinding experimental processes should be taken into
account in the FE modelling.
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