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Abstract—This work presents the results of a study carrigct@
determine the sliding wear behavior and its effectthe process
parameters of components manufactured by directalmiaiser
sintering (DMLS). A standard procedure and speciirah been used
in the present study to find the wear behavior.ngsTaguchi's
experimental technique, an orthogonal array of fieiL8 had been
developed. Sliding wear testing using pin-on-diskchine was
carried out and analysis of variance (ANOVA) tecfug was used to
investigate the effect of process parameters andetatify the main
process parameter that influences the propertiegeaf behavior on
the DMLS components. It has been found that paentation, one
of the selected process parameter had more infuencwear as
compared to other selected process parameters.

Keywords—ANOVA, DMLS, Taguchi, Wear.

I. INTRODUCTION

The major advantage of this process is it can ude range
of metal powders such as direct steel, bronze bpsedier
etc. the Cu-based metal powders are also beingfasedrity
and better surface finishing [2]. The major drawbéar this
process is the surface finish [3] and the wear ¢#]the
material. An experimental study on the sliding wbahavior
of in situ Cu-TiB2 nano-composites fabricated bg thaction
of pure titanium and copper-boron on a pin-on-aglar tester
under dry sliding conditions, rubbing against medicarbon
steel disk at sliding speed ranging from 0.089.#218 m/s and
at loads between 20 N and 140 N. From the expetiihamas
found that the hardness, yield strength and wesistemce of
the composited increased with the content (fromt0.8.5 wt
%) of TiB2 nano-particles in the copper matrix [5].

Laser parameters like laser beam power, spot sk a

UE to the increased concern for the process codt a@xperimental parameters like scanning speed anchihgt
cycle time, the technology is moving towards reducedistance have great influence on various propedfefser-

product life cycles [1]. One way of reducing itts develop
prototypes and analyze them. Rapid prototypingnis of the
techniques which are used in the recent days irrotd
fabricate the prototypes. The different RP procesdsch are
widely used nowadays are stereolithography, sekdaser
sintering, fusion deposition modeling and directtahdaser
sintering etc. Direct Metal Laser Sintering is additive
process for rapid tooling and manufacturing basedaser
operations. This technique uses metallic powdersréer to
develop metallic parts by a process which involmexgressive
sintering of successive layers of metal powderdaramng to
the geometry of the successive slice of the CAD ef®do
realize the components with shorter lead time.
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sintered bronze product. It is reported that dgrisitreases as
surface roughness decreases with decrease in figitistance
[6]. It also states about the influence that matqguarameters
like particle size distribution exert on the maitibehavior. A
reliability study on fatigue strength is reportedt fest results
using components manufactured by DMLS [7]. This grap
gives a brief report on the pin-on-disk wear test@md study
carried out in order to reduce the sliding wear DWILS
components. These results will be valuable forfthretional
applications of components [8], for manufacturing o
specimens etc. The process parameters such a@ngjripeed,
hatch type, part orientation, infiltration and Hatpacing are
considered in this experimental study.

Il. MATERIALS AND PROCESSING

The components produced by DMLS were carried out on
EOSINT M250 laser sintering machine which was dewed
by EOS Gmbh, Germany. The main advantage of ugiisg t
technology is the part density and strength. Thesgaoduced
are 95% dense. There are no polymer binders teatissed in
this process. The components are produced diréctly the
metal powder and hence high accuracy can be expatieg
with minimal shrinkage. A C®laser is used for this sintering
process with the power of 200 W and beam diaméitér.4
mm. Bronze-nickel powder [9] is used in this pracasth a
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grain size of 50 um. Powder composition is Cu (R269 Sn
(2-10%), Ni (10-70%), P (0.3-6%). The laser beanitsrihe
metal powder present on the bed and a single laefghe
component is formed over the previously sintergedaThe
wear plays a major role in the application of tlmenponent
and hence process parameters with appropriateslehealt
gives desired values for wear resistance has foure out.

The process parameters which are considered i ¢ode —;

improve the wear resistance and quality charatiesisare

sintering speed, hatch spacing, hatch type, pabiation and
infiltration. Bonding of metal powder at a tempeirat slightly

above its melting point with the help of a laseurse causes
sintering process. Sintering speed is defined asplred with
which laser beam sinters. Movement of laser be&estplace
in a specified path and with an accurate spacifigccas hatch
spacing. Scan spacing is generally preferred tiessethan the
diameter of the laser beam. The pattern in whigkerldeam
moves is known as hatch type. There are two typdwatch

patterns that are generally being used in DMLS. Ghthem

are unsorted type, which means that the laser bmanes

alternatively in X and Y directions respectivelyherl other
pattern is of shifted type where the laser bearshifted by

half the scan spacing in both X and Y directions:. fhe first

two layers, the pattern is of unsorted type andnduthe third

and fourth layers, the beam shifts by half scarciggaand

continues to move as like in the unsorted patt€éhe hatch
spacing and hatch pattern has a great impact orhdéla¢
transfer through powder layer. The orientation loé tpart

either horizontal or vertical i.e. in either X dit®n or Z

direction (0° and 90°) by which the beam movesled part

orientation. In order to increase the density @& tomponent
infiltration technique is used. This is normallyrieed out

using epoxy resin. This is done to fill the por@wsa without
affecting the surface finish. For a successfulltiafiion, the

temperature in the infiltration chamber must bghtly above
the melting point of the infiltrating liquid.

Design of experiment is the design of any inforomativhich
has a variation. This can act as an important tmalptimize
process parameters where multiple factors are wedblAlso,
this reduces the product and process variationgataith the
optimization of the process. In this experiment Ud&g
technique [10] was adopted in order to reduce timaher of
trials. Taguchi method is applied in the early stagf product
development for the process to be more effectigs method
also enables us to consider various process pagesneithout
much experimentation.

As DMLS is an expensive method, such an orthogonal

array has to be selected which has minimum numbéniads
and hence modified L8 array is considered in thfgeeimental
study. In order to find out the effect of processgmeters,
different levels have to be formulated. Here, sinte speed
has four levels varying from 250 mm/s to 550 mmihvan
increment of 100 mm/s. All the other parametersehawo
levels and vary accordingly. As mentioned earlignsorted
and shifted are the two types of hatch patterrectsd. Hatch
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spacing selected was 0.2 and 0.4. Part orientatitetted was
of 00 and 900. Four of the eight specimens manurfadtwere

infiltrated. The developed orthogonal array is shaw Table

l.

TABLE |
DEVELOPED MODIFIEDL8 ORTHOGONAL TABLE

Sintering Hatch Hatch Part
no. Speed Spacing Type Orientation Infiltration
(mm/s) (mm) (0)
1 250 0.25 unsorted 0 yes
2 250 0.35 shifted 90 no
3 350 0.25 unsorted 90 no
4 35C 0.3t shiftec 0 yes
5 45C 0.2t shiftec 90 nc
6 450 0.35 unsorted 0 yes
7 550 0.25 shifted 0 yes
8 550 0.35 unsorted 90 no
lll. TESTINGPROCEDURE

The 3D model of the required component is produced

through Solid Works software. The file is then certed into
‘stI" format and fed into the machine which autdically
converts the file into ‘.bdf’ format using RP Soétve. The bed
surface is properly cleaned and homing is done. rbeess
where the piston moves up and comes down in omlethe
new layer to be coated is called as homing. Theézature of
the fabrication chamber is slightly below the nmatipoint of
the metal powder. This is to ensure that the lasam does
not require much energy in order to melt the powddre

process is done by moving the piston up and dowth an

recoating with the powder. Eight different parte @roduced
for different parameters and they are taken tc&b&1 cutting
machine [11] to remove the final test specimen ftbm base
plate. Infiltration is done for four components whehe epoxy
resin is first applied on the components and thHesy tare
placed in the oven for 3 hours for the equal distibn of
heat. Photograph of the wear testing DMLS sampdtdsvn in
Fig.1.

ig. 1 DMLS Wear singeimens

A wide variety of materials including metals, polsrs,
composites, ceramics, etc can be tested for fricsind wear
characteristics of dry or lubricated sliding comtasing Pin-
on-Disc Tester. The test is performed by rotatingoanter-
face test disc against a stationary test specimen The
normal load, rotational speed, and wear track diamzan be
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adjusted in accordance with ASTM G99 test stand@fdar representation of the influencing factor on the mvisssting
testing was carried out in the pin on disc weatintgsmachine results is shown in fig. 3.
as per the standard. Fig. 2 shows the experimsetap of the

; . ) X TABLE Il
wear testing machine to find out the wear valuthefdifferent ANOVA RESULTS
DMLS components. Process Sum of P % Contribution
Paramete Squar
Sintering
Speed(mm/s) 0.9237  4.67 0.163 15.55
Hatch 0.0236 012  0.763 0.397
Spacing(mm)
Hatch Type 05891  2.98 0.227 9.92
Orientation 3.9826  0.13 0.046 67.06
Infiltration 0.0236  0.12 0.763 0.397
Error 0.3958
Total 5.9383
Fig. 2 Experimental Setup fiwWear Testin ' )
The Speed Of the rOtating diSC was 300 reVOIUtipBS Percentage Contribution of Process Parameters
minute. The track diameter was 115 mm and the diemad 80 - 708
the rotating disc was 180 mm. The load applied Svikg and o]
each component was subjected to wear for 5 minithe % 50 -
initial and the final weight of the components viaken. The g 40
loss in the weight was found out and tabulated Wwhias a ig 15.55
. . 9.92
further used for calculating the wear rate of th#fecent 10 J 0.397 . 0.397
component. The tabulated value of the wear is showrable o : ‘ ‘
Sintering Hatch HatchType  Orientation  Infiltration
” Speed(mm/s) Spacing(mm)
TABLE Il Process Parameters
WEAR CALCULATION OF DMLS SPECIMENS Fig. 3 Percentage Contribution of Factors on Wear
Specimen Initial Final Mass
P Weight Weight Removed  Wear (mni/m) - . .
No. (gm) (gm) (gm) Sliding wear value is lesser for components which a
1 3.9238 3.9233 0.0005 1.08547E manufactured with O part orientation. This is because the
g g-g;% 2-2;82 8-8815 g-gggﬁ? specimen is loaded perpendicular to the built divec
) 9315 .0011 .38811°E : : ; . :
4 3.845; 3.84 0.000" 151965 (12 Pamok_a bond|n.g from layer to Iayer_W|II .be Iessespemmens.
5 3.645¢ 3.644¢ 0.000¢ 1.95384 12 built with 9Corientation where loading is parallel to the built
6 3.374: 3.372¢ 0.001: 282221 Ei: direction. Also sintering speed has some influeac¢he laser
7 3.546¢ 3.545¢ 0.001 2.17093 ** ; P ;
8 32864 3 5846 0.0018 3.9076HE moves with lesser speed, better sintering is aeldiev

V. CONCLUSIONS
Experiments were carried out to find the influenoke
A. Sliding Wear Testing Results process parameter on the sliding wear of components
manufactured by direct metal laser sintering ugimgon disc
wear testing machine. An orthogonal array of medifiL8

IV. ANALYSIS OFRESULTS

Statistical tool ANOVA was used to analyze the islid

wear results. Contribution of each selected factorssliding ith diff A i binati aesned
wear of DMLS components were found out. The pesgpnt wi Ifierent process parameter combination wi ne

contribution of influencing factors is shown in Tatil. From PY Taguchi method to optimize the number of experim

the analysis it was found that part orientationuiefices more ANOVA analysis shows that part orientation have enor

followed by sintering speed on the sliding wear B¥ILS influence on the sliding wear as compared to offreccess

components. Other process parameter does not hagh mpParameters. This is because load is applied phtaltee layer

influence on the wear. Specimen 8 has maximum eeitrhas built. Results of sliding wear are very much usetol

large sintering and part orientation is’98pecimen 1 has the manufacture DMLS components for functional applarat

least sliding wear due to low sintering speed ahgabt built  where these are subjected to sliding wear.

orientation. The components manufactured with alipation
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