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Abstract: This article describes approaches to the optimization of regimes of selective laser melting (SLM) used in the fabrication of porous
materials from medical grade Ti—6A1—4V alloy with thin structural elements and a low level of defect porosity. Improved fusion of thin
elements based on SLM regimes is achieved due to a significant decrease in the distance between laser passes (from 0.11 to 0.04—0.05 mm).
Moreover, the balance between the laser energy density and building rate is compensated by changing the laser speed and laser power.
The results of the study of defect porosity and hardness of samples fabricated according to experimental SLM regimes allowed three
promising sets of parameters to be defined. One was selected for studying mechanical properties in comparison with the reference SLM
regime. In the aims of this study, the samples were developed and fabricated using the structures of rhombic dodecahedron and Voronoi
types with a porosity of 70—75 %. The decrease in defect porosity was established at ~1.8 % to 0.6 %, depending on the SLM regime.
This promotes a significant increase in strength properties of the material, including an increase in the yield strength of rhombic
dodecahedron from 76 to 132 M Pa and the Voronoi structure from 66 to 86 MPa. The low Young module (1-2 GPa) remains, corresponding
to the rigidity level of spongy bone tissue.
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MOPUCTOCTU. YIYUYLIEHHOE NpoIjaBieHre TOHKUX 2JIEMEHTOB C MPUMEHEHUEM pa3padoTaHHBIX KCNEepUMeHTalbHbIX pexuMoB CJIIT
JNIOCTUTAETCS 3a CUET 3HAYUTEIbHOIO CHUXEHUSI pacCTOSIHUS MexXay npoxonamu jazepa (c 0,11 go 0,04—0,05 mm), a 6anaHC MeX 1y MJIOT-
HOCTBIO 9HEPTUM JIa3epa U CKOPOCTHIO TOCTPOCHU ST CKOMIICHCUPOBAH IMTyTeM U3MEHEHM I CKOPOCTH TTpobera M MOIIHOCTH Jlazepa. Pe3yinb-
TaThl U3y4YeHUs NeDEeKTHOI MOPUCTOCTU U TBEPAOCTH 00Pa3IIOB, U3TOTOBIEHHBIX M0 dKCIeprMeHTaabHbIM pexkxumaMm CJII1, mo3Bonunu
YCTaHOBUTH 3 HamboJee MepCrneKTUBHBIX HA0Opa MapaMeTpoB, OAUH U3 KOTOPLIX BLIOPAH IJIsl UCCIEN0BAHMSI MEXaHUUECKUX CBOMCTB B
CpaBHEHMU cO cTaHAapTHBIM pexkxumom CJIITT. 15 3Toro uccienoBaHus pa3paboTaHbl 1 U3rOTOBJIEHBI 00pa3iibl HA OCHOBE CTPYKTY P TUIIA
poMObuYecKoro noaekasapa u nojausnpa Boponoro mopuctoctsio 70—75 %. YcTaHOBICHO, UTO CHUXKEHUE YPOBHS Ie(EeKTHOM MOPUCTOCTH
c~1,8 % 10 0,6 %, obecrieueHHOE TpUMeHeHeM pa3padboranHoro pexxuma CJITT, cnocoOGCTBYET 3HAYUTEILHOMY IMOBBIILIEH U IO TTPOYHOCT-
HBIX XapaKTePUCTUK MaTepuasa. YBeJueHne YCJIOBHOTO Tpeesia TeKydecT poMOrudyeckoro goaekasapa ¢ 76 mo 132 MIla u BopoHoro
¢ 66 1o 86 MIla. [1pu aTOM coxpaHsieTcst HU3KHUA Monysib FOura (1-2 I'lla), COOTBETCTBYIOIIMIA YPOBHIO JXECTKOCTU I'y0UaTON KOCTHOM
TKaHU.

KioueBbie ciioBa: ceJIeKTUBHOE Jla3epHOE MaBJeHUe, TATAHOBbIE CIIJIaBbI, TOPUCTBIE CTPYKTYPbl, MUKPOCTPYKTYpPa, MOPUCTOCTD, MeXa-
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Introduction

Selective laser melting (SLM), consisting of layer-
by-layer melting of a metal powder under the impact of a
moving laser beam, has become widespread in the pro-
duction of medical implants and tools. This is due to the
rapid transition to manufacturing, greater freedom in
product design, and the high accuracy of their geometry.
Standardized medical alloys Ti—6Al—4V, Ti—6Al—
7Nb are widely employed [I; 2] in the manufacture of
implants using the SLM method. This also includes as
Ti—Ni, Ti—Zr—Nb shape memory alloys for medical
purposes [3; 4].

In the medical industry, the advantage of SLM over
traditional manufacturing methods, in addition to man-
ufacturing individual implants, also lies in the possibi-
lity of obtaining porous structures with a given geometry
and cell size. The use of porous structures arises from the
necessity to simulate the structure of bone tissue and its
properties (Young’s modulus, compressive strength, bio-
logical compatibility, tendency to bone tissue ingrowth)
[5]. The ingrowth of bone tissue into the implant is one
of the most important properties, and provides a reliable
mechanical connection with the bone [6; 7]. This prop-
erty is determined by such macrostructural parameters
as porosity (the proportion of voids in the total volume
of the product), dimensions, geometric shape and pore
distribution.

In the last decade, the development of new bone
structures, and optimization of the geometry of existing
porous structures, for bone implants has been the subject
of numerous works [§—11]. Two approaches to the crea-
tion of such structures can be identified:
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— non-parametric design, when the structure is
created on the basis of the geometry of a single element;

— parametric design, based in an algorithm with in-
put data in the form of porous structure parameters (po-
rosity, pore size). The structure is generated with some
element of randomness, based on mathematical expres-
sions [5].

Of the existing variety of types of porous structures,
two were selected for study: a rhombic dodecahedron
(D, nonparametric design); and Voronoi polyhedra
(V, parametric design). Materials based on a D-type
cell are distinguished by the homogeneity of the mac-
rostructure and the high strength properties in all direc-
tions [12]. Structure V'is less homogeneous, but similar
in morphology to real bone tissue [13]. It is formed by
creating a grid structure based on connecting random
discrete points with struts, in accordance with a certain
algorithm [14].

Increase in the functional and mechanical proper-
ties of materials obtained by the SLM method is associ-
ated with the minimization of internal material defects
in the form of pores in the struts. Defect porosity is
formed due to insufficient or excessive energy densi-
ty, determining the conditions for powder melting [15].
In order to eliminate defective porosity, it is necessary
to correctly select the SLM parameters [4]. When ap-
plied to porous structures, where the thickness of inter-
nal structural elements (“struts”) is 200—300 pum, the
problem of defective porosity, as well as geometry accu-
racy, is of particular importance from the point of view
of increasing the strength characteristics of products
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[16]. The solution to this problem can achieved by cor-
recting the laser trajectory and reducing the distance
between its passes. This in turn requires the other SLM
parameters to be changed, in order to ensure optimal
energy density.

This study focuses on improving the SLM regime for
fabricating porous structures of the D and V types with
thin structural elements and a low level of defect porosi-
ty from a Ti—6A1—4V alloy (ASTM F3001) for medical
purposes.

Experimental

The initial material employed in this research was
Ti—6Al1—4V alloy powder (AP&C a GE Additive Com-
pany, Canada). According to the ASTM B822 spec-
ification, particle size distribution is as follows: d10 =
= 23 um, d50 = 35 pm, d90 = 47 pm. Fluidity ac-
cording to ASTM B213 and bulk density according to
ASTM B213 were 25s/50 g and 2.55 g/cm3, respec-
tively. Experimental samples were fabricated using a
TRUPRINTI1000 laser setup (TRUMPF Gruppe,
Germany) equipped with an ytterbium laser with a
power of P; = 175 W, spot diameter of 30 pm, and a
maximum laser speed of v < 3000 mmy/s. In order to
control the SLM regimes, the thickness of the powder
layer (¢) and the scanning step (k) can be varied. This
can be determined by the distance between the laser
passes in one layer.

A standard regime (hereinafter T') is used, according
to the recommendation by the manufacturer, TRUMPF
(Germany), for the manufacture of products from this
powder. This includes two sets of parameters: for build-
ing the main (internal) and contour (external) parts of
the product (Table 1).

The main regime is formed by “hatching” with a
certain step to build the bulk of the product and must
meet the requirements of optimal penetration of the
powder layer, in order to ensure low defective porosity
(py)- The tracing regime has one pass along the con-
tour of the object in each layer and serves to ensure the
required surface quality of the product. In order to op-
timize the SLM parameters, it is customary to use the

following characteristics: energy density (F£) and build
rate (BR), calculated by the following equations [17]:

P,

E=1L ()
vht

BR = vht. ?2)

After fabrication, all samples were subjected to heat
treatment in a vacuum furnace according to the stand-
ard regime: annealing at 1010 °C (45 min) followed by
cooling in the furnace. After heat treatment, the samples
were cut from the platform using the EDM method.

In order to assess defect porosity by metallograph-
ic analysis, thin sections were prepared by multi-stage
grinding and polishing in two stages:

— mechanical grinding on abrasive SiC-paper with
particle size from P320 to 4000;

— polishing using a suspension based on silicon ox-
ide with a particle size of 0.05 um.

Thin polished sections were analyzed using a
VERSAMET-2 metallographic microscope (UNI-
TRON, Japan) at 50* magnification. The resulting pho-
tographs of the microstructure were processed using Im-
agelJ software (Wayne Rasband (NIH), USA). The ratio
of the area of dark segments (pores) to the entire area of
the micrograph was used to determine the defect poros-
ity of the segment.

The porosity of the experimental samples (p) was
determined by weighing the density of the Ti—6Al—4V
compact alloy. This was calculated by the following
equation:

mon

p or
pz(l— P J-lOO%, A3)

where p,,, is the density of porous sample, and p,,,, =
=4.47 g/cm3 is the density of Ti—6Al1—4V solid alloy.

The density of porous samples was estimated by
weighing them and calculating according to the follow-
ing equation:

m 7
P por = Vpo -100 %, (4)

ctl

where m,,, is the weight of sample, g; V is the model
volume, cm?.

Table 1. Parameters of SLM regimes recommended by the manufacturer

Ta6nuua 1. [TapameTpsl pexkumon CJII, pekoMeHIOBaHHBIE TIPOM3BOAUTEIEM

Regime P, W 1, mm h, mm v, mm/s E, J/mm2 BR, cm3/h
Main 155 0.02 0.11 1200 58.71 9.50
Tracing 75 0.02 — 1000 - -
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X-ray diffraction analysis was carried out using
a D8 ADVANCE X-ray diffractometer (Bruker, Ger-
many) at room temperature in Cuk, radiation in
the range of 20 = 30°+80°. The microstructure of
the samples was studied using a VEGA LMH scan-
ning electron microscope (TESCAN, Czech Repub-
lic) equipped with an electron backscatter diffraction
(EBSD) device.

The Vickers hardness of the samples was determined
using a Metkon Metallography hardness tester (Metkon,
Turkey), performing at least 5 measurements for each
sample at a load of 1 kg and a holding time of 10 s.

The mechanical properties of the samples of po-
rous structures in the form of cylinders with a diame-
ter of 14.0—14.5 mm and a height of 7.0—7.5 mm were
evaluated by uniaxial compression tests. The tests were
carried out on an Instron 5966 testing machine (In-
stron — Division of ITW Ltd., USA) at a strain rate of
2 mm/min until a relative strain of 50 % was reached.
The values of Young’s modulus (E), yield strength (o ;)
and ultimate strength (c,) were determined according to
the deformation curves obtained. For testing purposes,
3 samples were used for each experimental point. The
calculated values of mechanical properties were aver-
aged. The measurement error was determined as the
standard deviation

Results and discussion

Selection of parameters of porous structures
and development of models

As described above, two types of porous structures,
D and V, were selected for study in this work. Their geo-
metric characteristics were selected based on the anal-
ysis of the publications, as well as the requirements for
porous structures to ensure osseointegration. The tech-
nological possibilities of manufacturing [8] were also
taken into account.

The selection of the optimal pore size is limited
by a very wide range D = 0.1+1.0 mm [18]. Pore sizes
D =0.1-0.2 mm are sufficient to accommodate indi-
vidual osteo-like cells (osteoblasts). D = 0.2+0.6 mm
allow colonization of osteoblasts, while an increase
in pore size above 0.6 mm contributes to vasculari-
zation, the formation of new blood vessels and bone
tissue [8, 10].

The higher the porosity of the material, the greater
the internal free volume for the bone tissue. However,
according to [19, 20], at porosity values p > 75 %, the
strength parameters of porous structures degrade signi-
ficantly to levels below those of bone tissue.
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The thickness of thin internal structural elements
(“struts”) largely determines the porosity of the final
structure, and is limited by the capabilities of SLM.
According to [8; 9], the minimum size of such elements
to ensure high accuracy is 0.20—0.25 mm. Considering
these requirements and using the Materialize 3-matic
software (Belgium), models of porous structures and
cylindrical samples were created for subsequent fab-
rication and evaluation of their mechanical proper-
ties (see Fig. 1). In order to determine the parameters
of the resulting porous structures (porosity (p), pore
size (D), and strut thickness (h)) CAD models were
analyzed using VGStudio MAX 3.1 software (Germa-
ny). The parameters of the developed porous structures
are summarized in Table. 2.

The struts of the structure with a D type cell have
the same thickness. Their location at an angle of 45°
relative to the axes ensures the uniformity of me-
chanical properties in all directions (see Fig. 1). In
a structure element of V type of a similar size, struts
with a variable thickness are observed, although their
arrangement looks chaotic. Due to randomization du-
ring the generation of such a structure, the pores also
have different sizes.

Development of experimental
SLM regimes

Table. 1 shows a laser scanning step of 0.11 mm. This
is too large for building thin structural elements, since
it is comparable to the strut thickness (0.25 pm) (see
Fig. 2). Therefore, in order to build the porous struc-
tures, the main SLM regimes with a scanning step of
0.04 and 0.05 mm were selected. Fig. 2 shows that a
laser movement strategy enables the main regime to
be applied more efficiently when building small-sized
elements by increasing the number of laser passes in-
side the struts.

While developing the experimental SLM regimes,
the values of the energy density and the building rate of
the regime by the manufacturer were taken as a guide-

Table 2. Parameters of the developed models of porous
structures

Tabauua 2. [TapameTpbl pa3zpaboTaHHBIX MOJIEIE
TMOPUCTBIX CTPYKTYP

Structure Strut thickness, | Pores size, Porosity,
type mm mm %
D ~0.26 0.4-0.5 ~75.3
V 0.20—0.25 0.2—-0.8 ~75.5
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Strut
thickness

D=0.5mm

Strut
b thickness

Fig. 1. Elementary cell of D type structure () and cell of V'type structure of similar size (b), models of experimental samples

of porous structures D (c¢) and V' (d) for mechanical tests

Puc. 1. DiieMeHTapHad siueiika CTpYKTYpbl TUTIA /] (@) ¥ 2JIEMEHT CTPYKTYphl B aHajoruyHoro pasmepa (b),
a TaKXe MOJIeJIU 9KCIIEPUMEHTAJIbHBIX 00Pa3110B MOPUCTHIX CTPYKTYDP /[ (¢) 1 B (d) 1 MeXaHUYECKUX UCTIBITAHU I

h=0.11 mm h=10.05 mm

4
s
)

Fig. 2. Schematic view of laser trajectories when plotting

a cylinder with a diameter of 0.25 mm in two different sections
using SLM regimes with a scanning step of 0.11, 0.05

and 0.04 mm

h=0.04 mm

Puc. 2. CxemMbl TpaeKTOpUIi ABUXKEHUS Ja3epa

MpU MOCTPOSHUU LUJIMHApa auameTpom 0,25 MM

B IBYX Pa3HBIX CEUECHUSIX MIPU UCITOJIb30BAHUY PEXUMOB
¢ marom ckanuposanus 0,11, 0,05 u 0,04 MM

line. These conditions enabled products with a low lev-
el of defect porosity (less than 0.5 %) to be obtained.
Moreover, based on the data of [17], a conditional
region was marked on the graph of energy density de-
pendence on building rate. This corresponds to a com-
bination of SLM parameters to obtain products with a
minimum number of internal defects (Fig. 3). An addi-
tional limitation in the selection of SLM parameters is
the limiting speed of building products (vertical lines
in Fig. 3), determined by the scanning step (0.04 and
0.05 mm) and the limiting scanning speed. As a result
of the selection of SLM parameters, 9 experimental
modes were developed (Table 3). These are shown on
the map of their dependence on the energy density and
building rate (see Fig. 3).

Study of defect porosity and hardness
of samples fabricated according
to experimental SLM regimes

Using the regimes developed, 9 samples were fabri-
cated in the form of a cube with the size of 3x3x3 mm.
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Table 3. Parameters of the developed experimental SLM regimes and standard regime 7'

Tabauua 3. [TapaMeTpsl pazpaboTaHHBIX 9KCIIepuMeHTalbHbIX pexkumMoB CJIIT u ctanmapTHoro pexxuma 7'

SLM regime P W h, mm v, mm/s E, J/mm? BR, cm’/h
1 136 0.04 2900 58.62 8.35
2 143 0.04 2600 68.75 7.49
3 160 0.04 2900 68.97 8.35
4 140 0.05 2860 48.95 10.30
5 155 0.05 2630 58.94 9.47
6 155 0.05 2250 68.89 8.10
7 175 0.05 2630 66.54 9.47
8 135 0.05 2630 51.33 9.47
9 167 0.05 2860 58.39 10.3
T 155 0.11 1200 58.71 9.50
E, J/mm’ and hardness of the samples obtained using the exper-
0 ) Ultimate building rate imental regimes and under standard conditions (7).
Developed regimes ) )
80  Scanning step: 0.04 mm0.05 mm A high level of p, values correlates with a large error
:88‘5‘ mm in measuring the hardness HV. This can be explained
707 Manufacturer regime: by the indenter entering in the immediate vicinity of
60+ x011mm the pores. The material produced according to re-
N ‘ gimes /, 5, and 7 has the lowest defect porosity and
301 Co‘;(figlrf,?silsriiimn | high hardness comparable to the level of these cha-
40 4 SLM regimes I racteristics for the alloy produced according to regi-
: : me 7. These regimes correspond to a rather narrow
30 T T T T T T T T ! T T II T T = - 2 —3
0 s A p z 7o 5 4, range of para3meters (E . 58.6+66.5 J/mm~, BR
BR. em’h = 8.4+9.5 cm”/h). Taking into account the measure-

Fig. 3. Distribution map of experimental (I—9)

and standard (7") SLM regimes as a function of energy
density and building rate

The conditional area of promising SLM regimes is highlighted
1n gray

Puc. 3. Kapra pacnpeneneHus aKcriepuMeHTaIbHBIX
(1. I-9) u ctangaptHoro (7') pexxumon CJITT

B 3aBUCUMOCTH OT MJIOTHOCTU S3HEPTUU U CKOPOCTH
TMOCTPOCHU I

YcnoBHas 061acTh MepcreKTUBHbBIX pexxumoB CJITT
BbIIIEJIeHA CEPhIM

Their external view is illustrated in Fig. 4. The e sample
obtained according to regime 2 is visually distinguished
by the presence of defects on the surface. This regime
with the minimum BR is the extreme one in the plot of
energy density and building rate (see Fig. 3).

Fig 5 shows measurements of defect porosity (p,)

40

ment results, as well as the minimum scanning step
(0.04 mm), regime I was selected for further research
and fabrication of porous structures in comparison
with standard conditions 7.

Study of phase composition
and microstructure

Fig. 6 shows the results of the X-ray diffrac-
tion analysis of the alloy fabricated according to re-
gimes T and I before and after heat treatment (HT).
In all cases, the alloy is in the single-phase state of
the low-temperature hexagonal close-packed (HCP)
a-phase. No clear X-ray lines of the high-temperature
BCC B-phase were found in the X-ray diffraction pat-
terns.

The microstructure of the alloy after SLM was
studied in two regimes with subsequent heat treatment.
It was performed using electron backscatter diffraction
in a plane parallel to the building plane. Fig. 7 shows
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Fig. 4. External view of samples obtained according to the experimental SLM regimes 1—9 (see Table 3), with supports

on the platform

Puc. 4. BHenmHuM BUI 00pa31oB, MOTYYSHHBIX 110 3KCITepuMeHTanabHbIM pexkxumam CI1JI 1—9 (cMm. Tabi. 3),

C MojJJiep>KKaMu Ha riatdopme

Py % 5 5 HY
B2 | p-004mm | /i =0.05 mm h=0.11mm 360

2.2 1 O HY i i
2.0 : ! 340

s - Loh B b

| ' L 320

1.6- ! :
1.4 L L300
1.2 i L 280

1.0- i {— i
0.8 i | 260
0.6 - | ; - 240

0.4 | !
: : L 220

0.2 : :
O 1 T T |I T T T T : T 200

1 2 3 4 5

6 7 8 9 T

Fig. 5. Defect porosity and hardness of samples obtained by experimental regimes 1—9, compared

with the standard regime T

Puc. 5. JlepbexTHast MOPUCTOCTh U TBEPAOCTH OOPA31IOB, MOJYUYEHHBIX MO 9KCIIEPUMEHTaIbHBIM pexkumam 1—9,

B COITOCTABJICHUM CO CTaHAAPTHBIM PEXMMOM T

that changing the regime does not lead to a change in
the structural state of the material. The microstructure
is predominantly represented by o-phase plates 1—5 um
thick formed as a result of  — o-transformation during
cooling after annealing. The contours of the packets of
o-phase plates are the former (inherited) grain bounda-
ries of the high-temperature B-phase, within which the
packets were formed.

The phase state and microstructure of the alloy
fully correspond to those obtained using the stand-
ard SLM mode after HT in the earlier study of this
alloy [20].

Study of the macrostructure
and mechanical properties
of porous structures

Fig. 8 shows the macrostructure of porous samples
obtained according to regime 1. A considerable quantity
of fused granules of powder material is observed on the
inner surface. In the lower part of the samples, these par-
ticles are much more numerous. This can be explained
by the features of the SLM process and is consistent with
the observations of other researchers [21]. Granules on
the surface create stress concentrators, contribute to
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Fig. 6. X-ray diffraction patterns of samples obtained by regimes 7'and I, before and after heat treatment

Puc. 6. PentrenoBckue nudpakrorpaMMbl 00pa3iioB, MOJTYUYEHHBIX TIO peskuMaM 7’1 I, 1o 1 mociie TepMooOpaboTKM

Fig. 7. Microstructure of samples obtained by regimes 7 (a) and 7 (b), after heat treatment

Puc. 7. MuxkpocTpyKTypa o0pa3moB, moJydeHHBIX 1o pexkxumaM 1T (a) u 1 (b), mociie TepMooOpaboTKu

the initiation of fatigue cracks and reduce the fatigue
strength of the material, thus they need to be removed
[21]. In addition, their presence makes it difficult to
quantify the accuracy of the geometry of thin structural
elements.

Fig. 9 shows quantitative assessment of defect po-
rosity and geometry was carried out by analyzing im-
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ages in several sections of the sample obtained using
light electron microscopy. Qualitative assessment of
the images showed a difference in the level of defect
porosity between the samples made according to re-
gimes T and 1.

It was established as a result of the quantitative anal-
ysis of defective porosity that for structures obtained
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Fig. 8. Macrostructure of samples of porous structures of D type (a, b) and V'type (c, d), obtained by regime 1

a, ¢ — top view, b, d — bottom view
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according to mode 1, it is 3 times lower than for sam-
ples made according to the manufacturer’s mode, and is
about 0.6 % (see Fig. 9, e).

The thickness of the struts of the D type structure,
measured from microphotographs, is 265+15 um and
245+14 um for modes 7 and 7. Any differences in the
values of defect porosity and the average size of the
struts are reflected in the total porosity of the samples:
p = 72.3%t1.2 % for mode T and p = 70.0£1.0 % for
regime 1.

Fig. 10 shows diagrams of deformation by compres-
sion of samples of porous structures of D and V types,
fabricated in two regimes. Ultimate strength (c,) was
determined from the point of the first sharp decrease in

stress, corresponding to the primary destruction of one
of the rows of struts of the porous structure.

A comparison of the mechanical properties of
porous structures shows that the application of the
regime developed leads to a significant increase in
strength characteristics: increase in the yield strength
from 76 to 132 MPa for D and from 66 to 86 MPa
for V (see Fig. 10 and Table 4). A difference in the
strength of the two types of structures is associated
with a more optimal D design [5]. It should be noted
that the Young’s modulus changes slightly with a suf-
ficiently significant increase in strength and remains
in the range of 1—2 GPa. This corresponds to this in-
dicator for spongy bone tissue. When comparing the
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Fig. 9. Typical images of struts in samples of porous structures of D type obtained by regimes 7 (a, ¢) and / (b, d),
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e — the average size of the struts of samples of type D built according to different modes
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Fig. 10. Compression strain diagrams of samples of porous structures of D type (@) and V'type (), obtained by regimes 7'and /
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Table 4. Mechanical properties of porous structures obtained by regimes 7 and 7 in comparison with analogues

and types of bone tissue

Tabnuua 4. MexaHU4ecKre CBOMCTBA MOPUCTHIX CTPYKTYP, MOTYISHHBIX 110 pexxuMaM T ¥ I, B CpaBHEHWU C aHAJIOTaMu

U3 IUTEPATypbl U TUIIAMU KOCTHOW TKaHU

(Sstiuﬁlizf;gg; p, % 6.2, MPa oy, MPa E, GPa
D (P) 72.3£1.2 7613 10316 1.2440.08
V(P) 74.5+1.5 6614 80+4 1.091+0.14
D (1) 70.0£1.0 13248 17345 1.5540.12
V(1) 73.4+1.3 86+t6 104+5 1.25+0.10
V19] 68.1+2.7 80+5 93+3 1.8240.15
D[12] 70 140£6 174+4 4.89+0.05
Bone tissue [11]:
cortical bone — 42—176 — 7-30
trabecular bone 40—-80 0.2—10.5 — 0.04-2.0
vertebrae — 3—6 — 0.37
* Porosity according to CAD model.
mechanical properties of the porous structures of two  References

types build according to the developed SLM regime,
the values of Young’s modulus are lower than those of
analogues with the same porosity and a comparable
level of strength, (1.55%£0.12 vs. 4.89 £0.05 for D and
1.25%0.10 vs. 1.82+£0.15 for V).

Conclusions
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of selective laser melting parameters on defect porosi-
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Ti—6Al—4V alloy, an approach to the improvement of
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