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Abstract

Selective laser melting (SLM) is a frequently used additive manufacturing technology for creating metallic, especially Ti6Al4V parts.
After the production by SLM usually postprocessing is necessary for several reasons. Here the sliding friction diamond burnishing is
applied as postprocessing procedure.

In this paper an experimental study of surface hardness improvement of selective laser melted Ti6Al4V ELI cylindrical parts is
demonstrated. The surface is modified by sliding friction diamond burnishing as postprocessing machining. The design of experiment
method was applied to investigate effect of five factors (two SLM and three machining parameters) on surface hardness modification.
It is shown that both SLM and postprocessing factors makes significant effect to the surface hardness improvement, most important
ones are laser power, laser scan speed during manufacturing, and the burnishing force as factor of postprocessing. Empirical formulas
are fit to measurement data, and visualized by surface plots. Relationship between factors and the surface hardness improvement is
strongly nonlinear. In the investigated parameter window burnishing force has always positive effect to surface hardness improvement.
Electron microscopic investigations show that change in surface hardness can be related to four main morphological changes:
compression of the surface by plastic deformation of protrusions, attenuation of valleys, formation of inner cavities and creation of
small protrusions by diamond tool. This paper is an extended paper of a conference paper published in the proceedings book of the
XXXI. International Welding Conference (Kecskemét, Hungary).
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1 Introduction

Additive manufacturing (AM) is an expansive division
of production technologies which enables us to manufac-
ture parts with almost arbitrary geometries on the same
machine directly from the CAD body model. Most fre-
quently applied one of seven class of additive manufactur-
ing is family of powder bed fusion (PBF) technologies [1].
Direct metal selective laser melting (DMSLM, or here
referred as SLM) today widely applied for manufacturing
metallic parts [2, 3]. This technology creates parts from a
special metal powder layer by layer using laser beam for
melting it within inert gas atmosphere.

However completely ready for use products can be
made only in a few case depending on application and cer-
tain type of AM technology.

Postprocessing today is an integral part of production
by additive manufacturing technologies [4]. Main rea-
sons why postprocessing is necessary are dimensional and
shape accuracy, surface quality [5-8], classical machin-
ing [9] such details which need special accuracy of pos-
sibly can be made much more cost effectively in this way.
Surface treatment may significantly affect also fracture
and fatigue properties [10].

Nowadays burnishing processes are widely studied as
methods for surface modification, especially for improv-
ing wear resistance, surface hardness and surface rough-
ness [11]. Good results were published in surface hardness
and fatigue improvement for steel alloys (AISI 316T1) [12],
surface roughness, residual stress, and wear resistance
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doing-up of a hardened steel [13] effect to surface rough-
ness and hardness in case of carbon steel [14].

Effects of burnishing procedure to titanium alloys has
been investigated in two cases accordingly the test speci-
mens are wrought or additively manufactured.

Burnishing studies of wrought titanium alloys showed
that beyond machining parameters also lubricants may
have significant effect to surface hardness, wear resis-
tance and fatigue [15, 16], roller burnishing experiments
of Ti4Al4V show that significant improvement of surface
roughness and hardness can be achieved even in cryogenic
conditions [17].

In case of additively manufactured metallic parts bur-
nishing has been conceived as a postprocessing proce-
dure [18, 19]. Burnishing experiments of additively man-
ufactured steel [20, 21], aluminum [22], nickel [23] alloys
are published. We have found a research gap in the topic of
surface hardness modification by sliding friction diamond
burnishing of additively manufactured Ti6Al4V parts.
This is the motivation of recent study.

2 Materials and methods
In Section 2 four important topics are detailed:

1. Material of samples, Ti6Al4V is widely used and
studied, but it was not investigated in case of it was
produced by SLM and postprocessed by sliding fric-
tion diamond burnishing.

2. Inward and surface structure of specimens are deter-
mined by the production method, SLM. Parameters
of SLM may also influence machinability of the
surface.

3. Sliding friction diamond burnishing is introduced.
Here we study its effect to surface hardness.

4. Experimental methods namely hardness test and
electron microscopic methods are also described.

2.1 Material
Ti6Al14V is a titanium alloy widely used in medical, phar-
maceutical, food, aeronautical and marine vehicle, nuclear
industries, and many other fields [24]. It is applied in
wrought and additively manufactured form [25, 26]. Main
advantages of this material are high mass-strength ratio,
chemical endurance, and biocompatibility. Disadvantage
of this alloy is that it has poor tribological proper-
ties, namely weak wear resistance and unstable friction
coefficient [27].

We applied Ti6Al4V with extra low interstitials (ELI),
which a pure version of this alloy with enhanced ductility

and strength. Chemical composition of Ti6Al4V can be
contained Table 1 [28].

2.2 Selective laser melting

Selective laser melting (SLM) is an additive manufac-
turing (AM) technology. It belongs to class of powder
bed fusion (PBF) of seven classes of AM technologies.
Fusion can be achieved in several ways, for example sin-
tering (without melting of the material), melting by elec-
tron beam or laser beam. In our experiments we applied a
machine which melts the material by a laser beam.

SLM is mainly used for plastics and metals. For metals
laser power is higher than for plastics.

When SLM is applied for metals, it is often called direct
metal selective laser melting (DMSLM), but here we will
refer to this procedure simply as SLM, because we used
only one material and only one technology, so it is impos-
sible to misunderstand.

Feedstock of SLM is powder. Chemical composition of
this powder is identical to the material produced by SLM.
Average size, size distribution and shape of powder par-
ticles depends on the process of powder production. Data
regarding it is determined experimentally and provided by
the manufacturer. In our experiments size of powder par-
ticles changed from 20 to 80 micrometers.

Mechanism of SLM is layer by layer building. A blade
spreads precisely a layer of metal powder. Layer thickness
is an important parameter of SLM, it can be varied, but we
kept it constant. In our work layer thickness was always
0.03 mm. Then the laser beam scans the layer of the pow-
der according to the geometry of the part to be manufac-
tured. Infill laser power (P) and infill laser scanning speed
(1) are also important processing parameters and in our
work those were varied. We go into details later regarding
processing parameters. We mention that hatch distance
was constant 0.14 mm in our experiments.

During SLM procedure powder is in a camber filled
with inert gas, in our case it was argon (Ar).

Our specimens were produced by an EOS M290 400W
machine.

Table 1 Chemical Composition of Ti6Al4V ELI All values
are in weight %; *Otherl: maximum each of other elements;
**QOther2: maximum total of other elements

C O N H Fe
<0.08 <0.20 <0.05 <0.015 <0.40
Al \Y% *QOtherl **QOther2 Ti
5.5~6.75 3.5~4.5 <0.1 <0.4 rest




It must be noted that SLM procedure has several pro-
cessing parameters what can be varied. We used default
values of all parameters excepted above mentioned two:
P and u which were handled as factors of experiments.

2.3 Sliding friction diamond burnishing

Sliding friction burnishing is kinematically similar to
turning, but instead of the edge of the single point cutting
tool, the burnishing tool having spherical end pressed to
the surface to be machined. The method creates a plastic
deformation on the surface of the machined workpiece and
in the near-surface layers (Fig. 1) [29].

Sliding friction burnishing tools can be used on all con-
ventional and CNC controlled lathes or CNC turning centers.
Thus, immediately after machining, the workpieces can be
burnished in the same clamping as the machining. Sliding
friction burnishing can be used to treat outer cylindrical sur-
faces, large diameter inner cylindrical surfaces, but even
flat surfaces as well. The main technical and technological
parameters of the production of the sliding friction burnish-
ing process: the radius of the spherical end tip of the deform-
ing element », mm; burnishing force F (or F,) (N); feed f
(mm/rev); burnishing speed v (m/min). Additional factors
include the number of burnishing passes i and the type of
lubricant. The technology of reinforcement has been studied
by several people on different material qualities, with differ-
ent tools, in order to meet different expected requirements.
Examples, without wishing to be exhaustive, are as follows.
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Fig. 1 A schematic diagram of sliding friction burnishing (1—workpiece,
2—burnishing tool, 3—burnishing insert, A—active element of tip)
(adapted from [8])
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Total surface integrity was analyzed by Rotella et al. [30]
in terms of surface roughness, microhardness, micro-
structural changes, and tribology. In particular, the results
obtained showed that cryogenic cooling conditions and
coating significantly improve the hardness of the bur-
nished workpiece, while MQL lubrication leads to excel-
lent surface roughness.

A study by Samatham et al. [31] deals with the study
of different burnishing processes in the titanium alloy
Ti6Al4V. According to their study, cryogenic burnish-
ing is one of the latest innovation techniques using liquid
nitrogen for cooling.

In their study, Tobotla et al. [32] subjected the Ti6Al4V
alloy to a multi-step hybrid treatment, including turning
and burnishing and gas nitriding. They found that the use
of sliding friction burnishing and low temperature gas
nitriding increases the surface hardness by 5-10% with-
out compromising the strength of the substrate material.

2.4 Experimental methods
The surface of the selective laser sintered specimens was
uneven and unsuitable for hardness measurement, there-
fore, in preparation, a smooth turning was performed
on the circumferential surface of the specimens with
a 0.25 mm depth of cut, which reduced the diameter of
the specimens to 9.5 mm. The surface hardness measure-
ment was executed on a hardness measuring machine type
HPO-250, with a test load of F, = 98.07 N, performed at
3 locations on the mantle surface of the specimens at 120°,
and then the mean and standard deviation of the measure-
ments were determined (Fig. 2).

The hardness values HV10 Vickers were determined
according to the standard MSZ EN ISO 6507-1: 2018 [33],

Force (F)

Feed (f)
Velocity (v)

Laser scan speed (u)

Laser power (P)

!

Manufacturing:
selective laser melting
material: Ti6AI4V

Hardness test
‘before burnishing
Relative
change

Fig. 2 Overall scheme and factors of experimental work
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using a 136° diamond pyramid test specimen based
on Eq. (1):

136°
=0.1891%, )

2F, -sin
HV =0.102- pE

where:
 d: average of the indentation values,
 F,:testload (F, = 98.07 N for HV10).

When measuring the surface hardness, the hardness
determined on cylindrical surfaces according to MSZ
EN ISO 6507-1: 2018 shall be calculated. Therefore, the
HVI10 value determined from the indentation diagonals
measured on the cylindrical surface was multiplied for
each measurement by the correction factor shown in [33].
The tables of HV10 measurement results reported on
cylindrical surfaces in Section 3 contain the HV10 hard-
ness values calculated by Eq. (1).

Electron microscopic images were captured by a
HITACHI SUI510 scanning electron microscope to
observe morphological changes on cylinder side caused by
sliding friction burnishing. We investigated it on the edge
of polished cross sections.

3 Design of experiment and sample production
Samples were solid cylinders 50 mm in length and 10 mm
in diameter.

Before going into details one must see the overall
scheme of our experiments. We selected five factors, two
of those influenced SLM procedure, and three of those
were machining parameters. Fig. 2 shows main steps of
experimental work, and factors belonging to each step.
Surface hardness was measured before burnishing (that is
after manufacturing) on the raw surface, and after bur-
nishing. Objective of our experimental work was to estab-
lish relative change of surface hardness resulted by dia-
mond burnishing.

Cylindrical test samples were produced for experiments
by selective laser melting. Five groups of specimens were
prepared according to Table 2. Specimens in a group pro-
duced by the same SLM technology parameters, but differ-
ent groups had different parameters. Groups are denoted by
letters A, B, C, D, E. There were 8§ specimens in each group.

Two manufacturing parameters varied between groups:
infill laser power and infill laser scan speed. Values are
presented in Table 2. All other selective laser melting
parameters kept constant. Table 3 shows two important

Table 2 Additive manufacturing parameters of producing the specimens

Code of parameter Infill laser power Infill laser scan speed

setup (W) (mm/s)

A 233.33 1200

B 280.00 1000

C 336.00 1441

D 233.33 1000

E 280.00 1200

Table 3 Burnishing parameters

No Spee(.i Feed Force
v (m/min) f(mm/rev) F(N)

1 8.321 0.0125 80

2 11.775 0.0125 80

3 8.321 0.0500 80

4 11.775 0.0500 80

5 8.321 0.0125 120

6 11.775 0.0125 120

7 8.321 0.0500 120

8 11.775 0.0500 120

parameters, layer thickness and hatch distance which also
were the same for each specimen, their values was equal to
default values of the machine: hatch distance (%) 0.14 mm,
laser type: YD fiber laser with wavelength 1060—1100 nm,
focus diameter 100 pm, no pattern option for exposure
strategy, exposure mode: single. Layer thickness (f) was
set to 0.03 mm, and kept constant for each specimen.

Parameter set E (P =280 W, u =120 mm/s) comes from
the default setting of the EOS M290 400W SLM machine.
Other SLM parameter settings may be compared by
so-called energy input, which is specific power flow den-
sity referring to volume unit (1 mm?), it is denoted by e,
calculated by the formula e = P/uht. For sets C, D and E
energy input is the same, namely 55.5 W/mm?. For A it is
46.3 W/mm?, for B 66.7 W/mm®.

The burnishing procedure was performed by a natural
PCD tool having a radius of R = 3.5 mm. In the exper-
iments executed, three factors were applied: burnish-
ing speed (v), feed (f) and burnishing force (F). In case
three factors, by using the full factorial experiment design
method the number of the experiments are n = 8, because
all the factors are set to a minimum and a maximum value.
These combinations can be seen in Table 3. In determining
the numerical values, we took into account the results of
our previous theoretical and practical research.

These technological parameters were used for all the
additively manufactured specimen. Logic of notations of



specimens: for specimens produced by additive manufac-
turing parameters belonging to "A" (Table 2) burnished by
technological parameters "1" (Table 3) denoted Al (can be
found in Table 4).

Table 4 Measured HV10 values and calculated improvement ratios

Code HV10 HV10 IRHV
Before burnishing ~ After burnishing %
Al 365 406 11.04
A2 377 357 —5.24
A3 362 398 9.98
A4 387 357 —7.64
AS 373 432 15.90
A6 368 393 6.77
A7 366 394 7.79
A8 378 392 3.74
Bl 387 394 1.79
B2 374 365 —2.24
B3 370 392 5.93
B4 383 396 3.47
B5 375 388 2.12
B6 359 426 18.73
B7 373 357 —4.54
B8 366 383 4.61
Cl 399 392 -1.80
Cc2 388 385 —-0.92
C3 379 394 4.07
C4 397 387 —2.54
C5 382 369 -3.33
Co 376 404 7.38
Cc7 357 383 7.28
Cc8 383 384 0.50
D1 381 373 —2.21
D2 378 367 —2.92
D3 376 356 —5.39
D4 391 369 —5.68
D5 379 338 —-10.92
D6 380 408 7.21
D7 384 371 —-3.59
D8 374 370 -1.17
El 389 395 1.83
E2 384 358 —6.81
E3 374 344 —8.00
E4 376 365 —-3.17
ES 380 367 —3.33
E6 381 351 —1.87
E7 396 391 -1.10
E8 368 415 12.49
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4 Results

For evaluation of measured hardness value improvements
by burnishing, improvement ratios were introduced, which
are shown in Eq. (2) [15]:

IRHV =

M 100%, ?2)
HV,

b

where:
» IRHV—theratioof surface hardness improvement (%),
* HV - the surface hardness after burnishing process,
* HYV, —the surface hardness before burnishing process.

The average of the measured data and the calculated
improvement ratios are summarized in Table 4.

Fig. 3 shows test specimens before and after postpro-
cessing. The top half of the cylinders on Fig. 3 has the
original raw surface. Bottom part of Fig. 3 shows postpro-
cessed, that is burnished surface.

5 Evaluation of results

Since we have five factors, we calculated main effects and
interactions. Factor effects and interactions were calcu-
lated from IRHV data of sample sets A, B, D and E, since
those form a 5-factor and 2-level full factorial experiment
with 8 items in each set. Table 5 shows main effect values
for all factors, Table 6 demonstrates interactions.

In Table 5 largest value of main effects belongs to force,
and it has positive sign. It implies that burnishing force
has significant impact to surface hardness improvement.
However other four main effects are not negligible related
to main effect of burnishing force. Second largest main
effect belongs to laser power P, which is a manufacturing

Fig. 3 Samples before and after postprocessing: The upper part of the
picture shows raw surface, and bottom part the burnished surface
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Table 5 Main effects of factors to IRHV (surface hardness
improvement ratio): Factors P and u are SLM processing parameters
(purple), v, fand F are postprocessing machining parameters (green)

P —5.97
u —2.85
v -1.26
f -3.07
F 7.35

Table 6 Interactions of experimental factors on IRHV (surface
hardness improvement ratio) value: Factors P and u are SLM processing
parameters, v, fand F are postprocessing machining parameters

Pu -10.78 uy —5.62 vf —5.30
Pv 10.97 uf’ —2.33 vF 10.53
Pf —1.41 uF 1.10 fF —4.24
PF —2.42

parameter. This indicates that surface hardness improve-
ment is influenced by all factors, namely by both manufac-
turing, that is SLM processing parameters (P, u) and post-
processing, that is burnishing parameters (v, f; F).

There can be seen three interaction term with relatively
large value in Table 6. Large interaction term of P and u
points to that SLM manufacturing parameters make effect
to surface hardness improvement under postprocessing,
that is machinability. Second term of P and v connects
a production factor with a postprocessing factor. Third
interaction term concerns two postprocessing factor v
and F. By these values one can strengthen the proposition
that surface hardness improvement is determined by all
five factors also with interactions between those.

Empirical functions were fitted to measurement data
for each sample set (A, B, C, D, E), and for two differ-
ent force (F) value. Variables of these functions are feed
(/) and machining velocity (v). Software MATHCAD
15.0 was applied for function fitting. Algebraic formu-
las of empirical functions are shown in Egs. (3)—(7), and
Figs. 4-8 visualize surfaces defined by those. Each figure
demonstrates empirical functions fitted to data of a given
group of samples denoted by A-D, and shows two surfaces
belonging the two different values of burnishing force ().

IRHV, =59.2715-7.488v+1260 f —0.122F

3
—109.523vf +0.036vF —15.017 fF +1.239vfF @

IRHV, =117.5395-15.02v-574.914 f —1.327F

4
+151.578vf +0.17IvF +7.301 fF —1.743vfF @

IRHVA [%]

Feed
f, [mm/rev]

Burnishing speed
v [m/min]

Fig. 4 Surface hardness improvement ratio (IRHV) for sample set A, as
function of burnishing speed (v), and feed (f), according to experimental
formula Eq. (3)

IRHVB
20

[%]

10

9 10
Feed Burnishing speed

f, [mm/rev] v [m/min]

Fig. 5 Surface hardness improvement ratio (IRHV) for sample set B, as
function of burnishing speed (v), and feed (f), according to experimental
formula Eq. (4)

IRHV, =57.6222-6.632v—896.336 f —0.869F

5
+96.238vf +0.095vF +19.189 fF —1.927vfF ©)
IRHV, =142.1163—14.279v—2.747-10° f —1.765F ©
+252.534vf +0.175vF +32.933 fF —3.115vfF
IRHV, = 67.4341-5.283v 11721 —0.38F o

+252.534vf +0.175vF +32.933 fF —3.115vfF
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Fig. 6 Surface hardness improvement ratio (IRHV) for sample set C, as
function of burnishing speed (v), and feed (f), according to experimental
formula Eq. (5)

IRHVD
20

[%]

10

-10 ke
0.04
9 10
Feed Burnishing speed
f, [mm/rev] V [m/min]

Fig. 7 Surface hardness improvement ratio (IRHV) for sample set D, as
function of burnishing speed (v), and feed (f), according to experimental
formula Eq. (6)

Electron microscopic images were taken to observe
morphological changes, because structure of the surface
influences hardness, and additionally it affects deviation
of hardness measurements. Bottom part of Fig. 9 demon-
strates original surface of side of sample cylinders. Partly
melted and adhered metal particles and quite uneven sur-
face can be observed.

Fig. 10 and Fig. 11 show electron microscopic images of
polished cross sections.
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IRHVE [%]
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v [m/min]
Fig. 8 Surface hardness improvement ratio (IRHV) for sample set E, as

function of burnishing speed (v), and feed (f), according to experimental
formula Eq. (7)
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SU1510 15.0kV 31.3mm x100 SE
Fig. 9 Electron microscopic image of the original surface of a sample:
On the upper part the top of the cylinder can be seen, what lays in the
plane of layers melted during the production procedure. Bottom part

of the picture shows the side of the cylinder, which is perpendicular to
layers of manufacturing. This surface was postprocessed by burnishing

Four main types of morphological changes can be

observed:

1. Burnishing cause plastic deformation of a top (pro-
trusion) on original surface, bends it down, and
sometimes remained powder particles are deformed
(notation on figures: T).

2. Valleys originally existing on the surface may be
decreased (attenuated) by removing partly upper
brim of those (notation on figures: V).

3. Holes (cavities) can be formed by deformation, that
is bending down of protrusions. Originally open val-
leys may be closed and form an inner hole (notation
on figures: H).
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SU1510 15.0kV 21.3mm x700 SE

Fig. 10 Electron microscopic image on a cross section of sample El:
Label T points to a plastically deformed part, which was antecedently
a protrusion, H1 indicates an inner hole enclosed by deformation of the
proper protrusion (T), H2 shows a hole, which was partly open (even
before polishing), P shows a protrusion. Possibly before burnishing H1
and H2 belonged to a single hole, and plastic imprinting of T separated
it into two parts.

SU1510 15.0kV 16.2mm x420 SE 100um

Fig. 11 Electron microscopic image taken on a cross section of
sample Al: Label T points to a plastically deformed part, which was
antecedently a top, H indicates an inner hole, V denotes a surface valley
which was attenuated by burnishing.

4. Protrusions may be observed on the surface for two
reasons. First, original ones may partly remain.
Second, relatively small protrusions may be created
by the ploughing-like movement of the diamond tool
(notation on figures: P).

Changes in the structure of the surface may make effect
to surface hardness in multiple way:
1. First, pushing down protrusions makes the surface
more compact, may eliminate holes or valleys so
increasing hardness.

2. Second, attenuating or possibly totally removing
valleys improves surface hardness.

3. Third, formation of inner holes by plastic deforma-
tion of protrusions generates non-visible vacancies
just under the surface, which cause instability of
solidity. These vacancies may collapse under load,
which implies decrease in hardness, and also influ-
ences measurements.

4. Remaining or generated protrusions influence hard-
ness indirectly by making the surface uneven.

A comparison of the specimen produced in 5 different
additive manufacturing parameter combinations was per-
formed by comparing the maximum hardness improve-
ments achieved with 8 different burnishing technology
parameter combinations. According to this, we were able
to see the greatest value of the maximum improvement
(IRHV = 18.73%) in the hardness of diamond burnished
on the specimens produced with the additive technol-
ogy B — infill laser power was medium (280 W), infill
laser speed the smallest (1000 mm/s) and energy input the
largest (66.667 W/mm?®). Where the burnishing technol-
ogy parameters were as follows: v = 11,775 m/min; feed
f=0.0125 mm/rev and burnishing force =120 N.

In this respect, the smallest maximum hardness
improvement (IRHV = 7.21%) of diamond burnishing was
obtained on the test specimens produced with the addi-
tive technology D. The additive technological parameters
in case of specimen D are: infill laser power was medium
(233.33 W), infill laser speed is the lowest (1000 mm/s)
and energy input is 55.556 W/mm?>.

6 Summary and conclusions

The surface hardness of parts made by additive manufactur-
ing was examined before and after surface modification exe-
cuted by diamond burnishing. The cylindrical shape speci-
mens were made by selective laser melting from Ti6AI4V.
The specimens were manufactured with five (signed A, B,
C, D and E) different SLM manufacturing parameters and
8 specimens were prepared and tested in each case. Sliding
friction burnishing was chosen for the post-machining of
the surfaces of specimens A—E. The parameters of diamond
burnishing were determined by a three-factor, two-level full
factorial experimental design. During diamond burnishing
the burnishing speed, feed, and burnishing force were var-
ied. This means that for each combination of different SLM
manufacturing parameters, a diamond burnishing opera-
tion with 8 different parameters was performed. The surface



Vickers hardness of HV10 was measured before and after
burnishing on a hardness measuring equipment type HPO-
250. Based on the HV10 surface hardness values, the surface
hardness improvement ratios were calculated for each case.

It can be stated that from additive technological point
of view the largest energy input (66.667 W/mm?) was the
most advantageous. From burnishing technological point
of view the larger burnishing force (¥ =120 N), the largest
burnishing speed v = 11,775 m/min and the smaller feed
f=0.0125 mm/rev serve the best result.

By diagrams Figs. 4-8, it is ascertainable that how bur-
nishing parameters influence surface hardness improve-
ment in case of each SLM production parameter set (A—E
sample sets). We can formulate the following statements:

1. Maximum surface hardness improvement can be

reached by applying F = 120 N burnishing force in

each production cases (A—E) investigated in this study.

2. Other burnishing parameters influence surface hard-

ness change in different ways:

* In case of sample set A, smaller v (burnishing
speed) and f (feed) is necessary for achieving sur-
face hardness improvement.

e In case of sample set B, larger v and smaller
f is necessary for maximum surface hardness
improvement.

+ In case of sample sets C and D, it is advisable for
small v large f, and for large v small f.

* In case of sample set E, increase of both v and f'is
necessary in order to achieve maximum surface
hardness improvement.
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