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STATISTICAL METHODS FOR ANALYZING THE
EFFICIENCY OF THE LASER SINTERING PROCESS OF
POWDER

Summary. In this article shows the author's method aimed at
improving the performance of products received by the technology of laser
fusion of the powder material. The task was implemented using statistical
techniques, namely the construction of a mathematical model of the
performance of the second order, followed by analysis of the response
function. Developed in the paper, the method allows to manage the
performance of the process of laser fusion of the powder material.

As a result of the studies cited in this article are of both scientific and
practical interest. The author shows the possibility of applying statistical
techniques to control the output of the process of laser fusion of the powder
material.
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Formulation of the problem. «Rapid Prototyping» technology, the basic
part of which is the process of laser fusion of powder material, is widely used
by highly developed countries around the world for production, such as
stamps, molds, etc. For example, compared to traditional high-speed cutting,
«Rapid Prototyping» technology, which uses a focused laser beam as a tool,
which allows to create products not only from metal but also from ceramic
materials. Despite the impressive advances in the development of laser
technology, in front of developers face challenges with the issue of
improving the productivity and quality of products made by «Rapid
Prototyping».

Analysis of previous research. Considering a high difficulty of the
physical processes associated with the introduction of laser fusion of powder
material in this article, was used an active experimental strategy, which gives
an opportunity more reliable results compared to the passive strategy.
Analysis of literary sources [1-4] showed the different degree of statistical
significance of technological factors, which has an impact on the
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productivity of the laser fusion of powder material. Let's look at them in more
detail. Changing the position of the substrate providing the device for feeding
powder material, influences in such indicators as morphological properties,
internal microstructure (hollow fragments, shells, microcracks).

Mass consumption of powder material is an important factor of
influence the productivity of the laser fusion process of the powder
composition, but the increase of the mass consumption it is necessary to
increase the power of laser radiation. The thermodynamic properties of the
powder material, such as the melting temperature depend on the power of
the laser radiation, the higher the temperature of melting of the powder
material, the greater the power is needed for its efficient fusion. Given these
circumstances assume that among the basic powder materials which used for
the technology of laser fusion widely used powders based on nickel,
titanium, cobalt. The widest of this group powder it called PGSR-3 the basic
component of which is nickel it has the smallest temperature of melting
1453°C [5] compared with other powders of this group. The type of
transporting gas significantly influences the quality of fusion powder
material that is for more efficient fusion of powder transport of the dispersed
phase must be carried out in an inert environment, such as argon, noted in
[6, 7]. This makes an ability to prevent the formation of oxide pellicle while
exposed to laser radiation, which has a large gradient of temperature of
melting but this requires a special equipment with the ability a constantly of
refuel expensive inert gases (argon, helium, neon). Therefore, in terms of
economic feasibility the experiment was conducted with the use of
compressed air. One of the main factors which influence the productivity and
quality of fusion of the powder composition is the configuration of the device
for feeding the powder material (nozzles of different constructions) [8, 9].
So based on the analysis of literature information the main technological
factors which influence the productivity of the laser fusion of powder
material can divide into two groups. The first is the factors the values of
which need to fix in a stable state, they include the length of wave, power of
the laser radiation, the type of powder composition, the geometric properties
of the powder, the type of transporting gas. Factors that need to set a certain
range of variation are the configuration of the feeder and the mass
consumption of the powder material, the speed of movement of the substrate,
the position of the substrate.

Formulation of the aim of work. The aim of this work is finding of
solutions which are aimed at increase of productivity of the process of fusion
of the powder composition PGSR-3.

The main part. For a study of the productivity of the laser fusion process
of powder material, PGSR-3 was chosen non-composite plan of Box-Benken
for 4 technological factors, which have good statistical characteristics and
are realized by the regression equation of the second-order [10].
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: (1)
where k —amount of technological factors;

bo, bi, bij, bii — coefficients of the regression equation;

I, ] — indexes.

As productivity (T) was used as a response function. As technological
factors that influence the productivity of the laser fusion process of the
powder composition (previously defined) provided the stabilization of the
factors of laser beam diameter, density, and power of laser radiation, the
geometry of nozzle angles (x;), mass flow rate of powder (x;), speed of
movement substrate (xs), the position of the substrate relative to the cut
nozzle (x4). The coefficients of the regression equation by, bi, bjj, bii-model
(1) were calculated by using specialized software using the mathematical
apparatus of linear algebra [10], dependence (2). The matrix of conditions of
experiment was formed using a balanced block diagram for 4 independent
variables (xi, X2, X3, X4), which consist of 6 blocks (full-factor experiment 22)
[10], variation of technological factors was conducted on three levels
(minimum, center, maximum).

B=(x"x)*(x"y) @

The hypothesis about the adequacy of the received mathematical model
of the productivity of the laser fusion process of the powder material was
checked using Fisher's criteria F [10]. The certainty of the experimental
results according to this criterion corresponds to a 5% error (3).

Fcalc.<=|:tabl.’ (3)
where Fe@°— calculating value of Fisher criteria [10];
Ftbl _ tabled value of Fisher criteria [10].

Levels of variation of technological factors (xij) were identified
experimentally (tabl. 1).

Table 1

Levels of variation of technological factors

Levels of variation of Independent variables

technological factors

X1 X2 X3 X4

Dimension deg. g/s mm/s mm
Main level 40 0,3 2,0 5
Interval of variation 10 0,1 1,0 2
Upper level 50 0,4 3,0 7
Lower level 30 0,2 1,0 3

SBTSATU. 12.2. 4


http://www.tsatu.edu.ua/tstt/naukovyj-visnyk-tdatu/

4 U Haykoswit sBicHuk TOATY Bun. 12, Tom 1

ST i
M v

Lkl
\/raind

438

It was conducted the statistical processing of the results of experimental
studies which showed that all the coefficients of the regression equation are
statistically significant for the obtained mathematical model of the
productivity of the laser fusion of powder material (7) the statistical
hypothesis of adequacy has been confirmed the regression equation is
adequate so the condition is fulfilled (3). For a more detailed idea about the
degree of statistical significance of each of the technological factors on the
productivity of the process of laser fusion of powder, PGSR-3 was built rank
chart (fig. 1, a).
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Figure 1. Rank diagram of the degree of statistical significance of
technological factors on the response function (7) (a) and the dependence of
the productivity of the fused component (7) from the geometry of generatrix
angles of nozzle (4) for different positions of the substrate (B) with mass
consumption of powder 0,2 g/s and the speed of movement of the substrate
1 mm/s (b).

a)-mass consumption of powder 0,3 g/s, speed of movement of the
substrate 2 mm/s, b)-mass consumption of powder 0,4 g/s, speed of
movement of the substrate 3 mm/s.

Figure 2. Dependence of productivity (7) from the geometry of
generatrix angles of nozzle (4) for different positions of the substrate (B)
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As can been looked from fig. 1, a) the most significant linear influence
on the response function has the geometry of the nozzles, the speed of
movement and the position of the substrate relative to the cut of the nozzle,
factors xi1, x3, x4 and coefficients by, bs, bs. Also, it should note that all factors
have a significant quadratic effect on the response xi, x», x3, x4 coefficients
b11, b2z, b33, bas. A more detailed picture of the change in the response
function can watch guiding the graphical dependencies which presented in
fig. 1, b) 1 2, a), b). Reduction productivity (7) in general case to the figure
0,7...0,8 mm?/s (fig. 1, a) and fig. 2, a), b) happens by removing the position
of the substrate in both directions from the "focus" of the gas powder flow.
Also, an important factor in reducing productivity (7) is a geometry of
generatrix angles of nozzle, so nozzles with angles 30° and 50° form large
cross-sectional areas of the powder gas flow with low dispersed phase in the
area influence of laser radiation (fig. 1, b) and fig. 2, b). Increase of
productivity, range 1,1...1,3 mm®s happens due to the location of the
substrate in the "focus" of the gas powder flow, for the nozzle with geometry
of generatrix angles 40° (fig. 1, b) and fig. 2, b), as a result in the zone of
laser processing forms, gas-powder flow with a high content of the dispersed
phase. Also, it should note that the maximum productivity (7) 1,3 mm®/s
(fig. 1, b) observed at the following values of independent variables, the
geometry of the geometry of generatrix angles of nozzle 40°, the mass flow
rate of the powder material 0,2 g/s, the speed of movement of the substrate
1 mml/s, the position of the substrate relative to the cut nozzle 5 mm (area of
«focusy of gas-powder flow), this is due to the high content of the dispersed
phase in the area of focused laser radiation. Minimum productivity (7)
0,2 mm®/s (fig. 2, b) it was got by the following indicators of technological
factors the geometry of generatrix angles of nozzle 30°, the mass flow rate
of the powder material 0,4 g/s, the speed of movement of the substrate
3 mm/s, the position of the substrate relative to the cut nozzle 3 mm, it can
explain the low dispersed phase in the zone of laser processing due to the
distance of the substrate from the "focus" of the gas powder flow. In
fig. 3, a)-c) as an example are photos of the morphological structure of the
fused components of the powder material for different geometry of
generatrix angles of nozzles.

Conclusions

1. It was received the mathematical model of productivity of process of
laser fusion of powder composition PGSR-3 which can use as calculation of
the controlled influences directed on growth of productivity of future
products.

2. It was confirmed the adequacy of theoretical calculations and the
possibility of using mathematical models of the process of laser fusion of
powder material for their further use in the implementation of technology of
laser fusion of powder material.

SBTSATU. 12.2. 4


http://www.tsatu.edu.ua/tstt/naukovyj-visnyk-tdatu/

0. . HaykoBuit BicHuk TAATY Bun. 12, Tom 1

fmgﬁﬁ“\, 638

Figure 3. Morphological structure of fused components with real
dimensions in height and width at eighty times the optical zoom: a)-
geometry of generatrix angles of nozzle 30°, mass flow rate of the powder
material 0,2 g/s, speed of movement of the substrate 3 mm/s, position of the
substrate relative to the cut nozzle 7 mm, b)-geometry of generatrix angles
of nozzle 40°, mass flow rate of the powder material 0,3 g/s, speed of
movement of the substrate 1 mm/s, position of the substrate relative to the
cut nozzle 5 mm, c)-geometry of generatrix angles of nozzle 50°, mass flow
rate of the powder material 0,2 g/s, speed of movement of the substrate
2 mm/s, position of the substrate relative to the cut nozzle 7 mm.

Conclusions

1. It was received the mathematical model of productivity of process of
laser fusion of powder composition PGSR-3 which can use as calculation of
the controlled influences directed on growth of productivity of future
products.

2. It was confirmed the adequacy of theoretical calculations and the
possibility of using mathematical models of the process of laser fusion of
powder material for their further use in the implementation of technology of
laser fusion of powder material.
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I1. B. Kongpamesn
HanionanbHuii TeXHiYHMH YHIBepCHTET YKpaiHu
«KuiBcbkuil moJstitexHivyHu iHcTUTyT iMeHi Irops Cikopcbkoro»

CTATUCTUYHI METOAU AHAJII3Y EGEKTUBHOCTI IPOLECY
JIABEPHOI'O CIIVTABJIEHHA ITIOPOLIKY

Anomauin
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Tupoxe 3acTocyBanns TexHounorii «Rapid Prototyping», 6a30B0r0 CKJIa0BOIO SKOT
€ Tpomec JIa3epHOro  CIUIABJICHHS  IOPOIIKOBOI  KOMIO3UIi  00YMOBJIEHO
MOJJOPOXKYAHHSAM CUPOBHUHH, €HEPrOHOCIIB, MiHIMI3aLlI€0 Yacy, KM BUTPAYAETHCS HA
BIPOBA/DKEHHS Y BUPOOHHITBO HOBHX BUAIB NMPOAYKIii. JlaHa TeXHOJOTis, 3aBISKH
BUKOPUCTAaHHIO B SKOCTI IHCTPYMEHTY TEXHOJOTIYHOTO Jja3epa J03BOJISIE 3HAYHO
PO3LIMPHUTH CHEKTP BHUKOPHCTOBYBAaHHMX MaTepiaiiB, a TaKOXX OTPUMYBAaTH BHPOOU
CKJIaJHOi reoMeTpu4Hoi KoHirypamii. ToMy mepen po3poOHHKaMHU CTOATH MUTAHHS
MIJBUINECHHS MPOIYKTUBHOCTI Ta SKOCTI (hOPMOYTBOPEHHS BHPOOIB 3 IMOPOIIKOBHUX
marepiais.

VY naniit po6oTi Oysia mokazana po3po0jieHa aBTOPOM METOAMKA, CIIPSIMOBaHA Ha
1 ABUILEHHS IPOYKTUBHOCTI BUPOOiB, OTPUMAHUX TEXHOJIOTIEIO Ja3epHOTO CIUIABICHHS
MOPOIIKOBOro Marepiany. byau npoananizoBaHi Ta BCTAHOBJIEHI OCHOBHI T€XHOJIOTI4HI
(daxTopH BIUIMBY Ha MPOAYKTUBHICTH IMPOIECY JIA3EPHOTO CIUIABICHHS MOPOIIKOBOTO
marepiany. IlocraBiena 3amaua Oyma peanizoBaHa 3 BHUKOPUCTAHHSM METOJIB
MaTeMaTHYHOI CTaTHCTUKH, a Oyna moOyaoBaHa MaTeMaTHYHAa MOJENb Y BUIJISI
MOJIIHOMY APYTOTO MOPSAKY 3 MOAATIbIINM aHami3oM (GyHKLIT BiAryKy. B sikocTi pyHKii
BiAryka Oyna BHKOpHCTaHa MPOAYKTUBHICTH MpPOIECY JIA3€PHOTO CIUIABJICHHS
HOPOIIKOBOro Marepiaiy. Po3poOienuii B cTaTTi METOX O3BOJISE KEPYBaTH a TaKOX
HAXOJIUTH ONTHMAJIbHI MapaMeTpH KepyBaHHS MPOTYKTHBHICTIO TPOIECY JIa3epHOTrO
CIIaBJICHHS TOPOIIKOBOI KOMITO3HIIIT /UIs1 PI3HOTO TEXHOJIOT1YHOT0 00J1aIHAHHS 30KpeMa
3ac00iB JIOCTaBKM TOPOIIKOBOTO MaTepiany Oe3rmocepenHbo y 30HY C(HOKYCOBAHOTO
Ja3epHOTO MPOMEHIO.

TakuM YWHOM, pe3yJbTaTH JOCHIPKeHb, HABEJACHWX Y JaHIi CTarTi,
OpPEJCTaBIsAIOTh K HAyKOBUH, Tak 1 NpPaKTUYHUN 1HTEepec. ABTOPOM IIOKa3aHa
MOJKJIMBICTh 3aCTOCYBaHHS METOJIB MAaTEMaTHYHOI CTaTHCTUKU JUIS YIpPaBIiHHS
IPOAYKTUBHICTIO TIPOLIECY JIA3€PHOIO CIUIABJIEHHS IOPOLIKOBOIO MaTepialy 3
ypaxyBaHHSM P13HOMaHITHOTO TE€XHOJIOTIYHOTO O0JIaIHAHHS.

Knwuoei cnoea: nazepHi TEXHOJOT1, MOPOIIOK, TPOTYKTHUBHICTb.

SBTSATU. 12.2. 4


http://www.tsatu.edu.ua/tstt/naukovyj-visnyk-tdatu/

