ftware. On each of the named printers were created two
PARAM ETE RS I N F LU models with identical geometry andifferent set parameters
that affect the future quality of the sampl&hus we were able

TH E PRECISION OFI@AB to analysehow greatan influence on the accuracy of these

settings has on the final printed model.

BD PRINTI NGhe first partof this article describes the general terms of

dealing with the method of rapid prototyping manufacturing

TEC H N O LOG I Egesses, rapid prototyping history, basic technology, which

elate with used printer software and formats. The second
PHANEENDRA MANTADRADOMIRVMENDRICKYIRI 8FKA part focuses on nowontact scanning; digitizing explains the
Technical University of Liberec concept, typesof scanning, scanning history, types of scanner,
Department of Manudicturing Systems and Automation describes in detail the nencontact scannerATOS Il. And
Liberec, Czech Republic software utilized by the scan stage and the final inspection. The
DOI:10.17973/MMSJ.201712 201776 third part briefly explains concepts dealing with tolerances.
e-mail: phaneendra.mantada@agmail.com [N one particular &idy [Mendricky 2016y performed an
experiment @ accuracy analysis of additive technique for

This article focuses oparameters that influenc@roduction of ~Manufacturingparts. In our present study in addon to the
parts by different 3Eprinting technologies (FDM, Polyjet abovementionedwork, we will analyse dimensional and shape
Matrix, SLA and SLS). This artidquaints its readers with data accuracy of parts manufactured by means of the selected 3D
and results of research dealing with influence of productiorPrinters FDM, SLS, SLA and PolyJet, and effect of aging on the
process parameter settings on the magnitude of internaf@me was analysed todne of the few works addressing
material tension of the printed part, or its influence on téchndogies similar to those in our research is parameters
dimension and shape precision of products mantifeed by |nfluenC|ng the precision qf SLM productuﬁl@ler 2019, in
these technologies. The samples may change their propertid8iS research shape precision was analysed, in our reseaech

by change in time so we are inspecting all the printed sample&'® Working on SLA and SLS technologiesvever, the study

and analyse the dimensional and shape accuracyeam¢h Was focused on accuracy of geometrical anq dlmgnsm_nal
sample in three time frames (0 days, 14 days and 84 days). THeplicas rather than shapes and products usgd in engineering.
produced samples were measured and their shape precision e results of the research led to eonclusion that most
was analysed by Optical 3D contactless scanners and therefdig?dels manufactied by means of fte PolyJet and SLA
perform shape and dimension precisions of the produced“?th"ds tendto_b_e better result_s, where as the models ma_de
prototypes in a complex and objective manner and the effect ofSing the remaining technologies FDM and SLS were slightly
"aging"” was researched ingg GOM inspect professional. deviated from the tolerance limit

2 USED 3D PRINTING AROLOGIES
) . ) KEYWORDS 3D printing is an additive manufactng processwvhich creates
3D Print fuseddepositionmodelling polyjet matrix, 5 physical object from a digital design. There are different 3D
stereolithography selectivelasersintering, 3D opticalscanner,  printing technologies and materials in which you can print. Al
3Ddigitization  the technologies are based on the same principle which states
that a digital model is turned into aokd three-dimensional
1 INTRODUCTION p_hysical object by adding material layer by layer. There are
different types of technologiesand some of them what we
Jusedstated below.
1 Fused Deposition Modelling-DM)

Additive technologiesare on huge rise inrecent times, 3D
printers were used mainly in various fields of industry with
great push on reduction of production time. However, their

scope of application is now much wider nowadagad one T StereolithographySLA )
may encounter these printers not only in tlageaof medicine, T Polyjet Matrix

arts, construction orgastronomy, butin the areaof model ' Selective Laser Sintag (SLS)
making andn householdsoo. 2.1 Fused Deposition Modeling=DM)

Among the best k_nowr_1 and most widely used are for ex?mplﬁused Layer Modelling (FLM) or Fused Deposition Modelling
Selective Laser Slntenn(ﬁLbﬁtechpology that u_tlllses a hlgh_ (FDM) shown in figure 1, is one of the most widespread

power laser beam to melt and sinter fine grains of the printyygiive technologiesThis method was developed by S. Scott

material to form a required shape,roa method similar in Crump, who also patented it in 198@nd later founded a

principle Stereol_itography (SLA that .draws the individual companyc StratasysMost commonly, the principle of the FDM
layers of an object by means of ukveolet laser beam on @ |ioq in melting a thermoplasti material in a form of a fibre

surface of a polymer liquid. Other widely spread technologieg,sige an extrusion head that extrudes the melt ontdaild

are Fused DepositiorModelling (FDM) Multi Jet Modelling  )4t0rm [Wang2017. Due to 2axis movement it forms a layer
(MJM), or PolyJet Matrix _ 2F YFGSNAL{ hariontdl Kréssaciv®piaded The a
The am of this s_tudy was to gnalyze and. yerlfy the accuracy QbM printers usuallyse two print headgfigure 5) One head
_productl_on _3D prlnte_rsand to find the stability of thie models builds the supporting structures and the ahfor layering the

in certain time duration. In the past, here has beensome ,,qe| material[Wang 2017. Layer thicknes usually ranges
researchwork to find the accuray of the 3D printers butin the ¢ 0157 1 330 micrometres. After finish otayer, the build
present work we desirdo find the accuracyof specific 3D hatorm is vertically lowered by the layer thickness, followed
prlnters.under the effect of ggelngto .flnd howls.table the by applying another layefKeller 2016, while this process
model is andto observe which3D printer is givingbetter aneats unti the whole product is printed The supporting
resuls. For ths purpose it was necessary to test printed gy cqyre s created while protruding parts requiteafter the

;amples and receives their real images. To obtain real modg],qg printed we can remove the supporting material by the
images we used contactless scanner ATOS Il and GOM INspeCtng or by using some chemical liquiThe most common
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materials for FDM are ABS and AP thermoplastics. Also, By repeating the above steps the desired part can be printed

polyamide, polyethylene, or other thermoplastic materiakn
be used for the manufacturing process.

Liquifier head
(X and Y direction)

=Y

xtrusion nozzles
VL)
upports

»X

=BARE—
Support

%l /Foam slab
material

\ Build platform
'
spool

(Z-direction)
Build material spool
Figurel. The principle of FDM methdd hai3dprint2017

2.2 Stereolithography (SLA)

Stereolithography(SLA)(figure 2)using widely now a days in
the field of tissue engineeringTan 2017. In this case,
production of the object is based on the photo polymerization
of the fiquid resin in the solid form.t&eolithography resin
(SLR) is deposited layer by layer on the prerequisite model ar
simultaneously solidified opolymerised bythe UV laser or
different light sources. Typical SLRedior SLA attached with
a 355 m, wavelength laser and it can produce wide verity of
shapes, it is often expansive mainly due to the 355, nir
wavelength laser and the cationic photo initiator. Nowadays
desktm level stereolithography apparatus like Formlabs SL/
digital light projection (DLP) and continuous liquid interface
production were developed. This apparatus usually use 405 n
(blue ray) wave banthser devise or DLP project@LR as the

layer by layerThe illustration of the 405 nm SLA 3D printer is
as shown in the figure. These desktop 3D printers can fabricate
the modds faster the then the traditional 355 nm 3D printers
and it reduce the cost both 3D printer and the SLR.

2.3 Polyjet Matrix

The Objetcompany (today Stratasys companmyhich patented
the PolyJet Matrix methodfigure3), comes from Israel and is
the firg RP technology, which allows the simultaneous dosing
of two types of resin during one process of model
manufacturing [Gay 2015. The print head extruded
photopolymer is cured using a UV lamp. Thanks to the
simultaneous dosing and mixing of the twer more
components of the mixture, it is possible to build physical
models with different mechanical and physical properties in
one production procesfvdovin 2017). It is possible to select
the resin about properties that are as close as possible to the
properties of the finely applied material. Objet PolyJet Matrix
eliminates the need to build separparts of the model from a
variety of materials.

Jetting Head — /— X axis
N
-, X

ia Y axis
\\‘/

UV Light
Fullcure M il
el -

-

Fullcure S —/
(Support Material)

Build Tray —/

The Objet PolyJet Process
Fgure 3. The principle of PolyJet Matrix meth@@roto3000 2013]

printing mateials. When using this laser source, the beam of

light focused onto the bottom surface of a tank filled with SLR2-4 SelectivelaserSntering (SLS)

The light beam draws the layer of the object on the surface of e Selective Laser Sinteri(fggure 4)is a commonly used 3D
the SLR forming a cured layer due to the photonid)rinting technology which uses the material polymer powder

polymerizationfWang2016. This cured layer is attached toet

(mostly PA12)Dadbakhsh 2017 to produce the parts. The

base or the previous layer and can be peeled off from th@owder is distributed evenly on the base and heated by the
silicon attached on the surface of the resin tank. After that the@diant heaters just below the meltingemperature of the

base is raised to creation height and subsequently more liqui

golymer powder. Then via scanner mirrors a laser will exposes

resins are refilling the gap between the cured part and thdhe desired geometry in to powder bed surface then the

silican.

z axis movement l

/ base

stereolithography
resins (SLR)

resin tank

galvanometer (x,y)

mirror

optical source

Figure 2 The principle of SLA methoBigga2013

MM SCIENCE JOUR

powder heated to extent and the individual powder particles
melt and interconnect with the layer and with layer bellovneT
non-exposed material will remain on the bed and it will act as
the support materia[Dadbakhsi2014.

laser

pyrometer scanner

focusing unit
laser-window
heater

feeder building platform overflow

Figure 4 Theprinciple of SLS methddaunhardt2016
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One the complete geometry exposed and partially meltedsupport material was used (manufacturer Stradgs, tensile
then the building platform will lowered one layer and the nextstrength 50- 64 MPa, modulus of elasticity 206000 MPa,
layer will applied. This process will continue till the object geflexural strength 75 110 MPa, flexural modulus 22003200
over. During the cooling state we will keep the object on theMPa, Shore hardness 8386 Scale D- more information
bed to prewent from the thermal distortion [stratasys.com 2016while the layer thickness was set to both,
16 microns (referredo as HQgHigh Quality and 30 microns
(referred to as H&High Speej In case of FDM technology for
both Dimension and Fortus, the most cormm material was
used ¢ABSP400 manufacturer Stratasys, tensile strength 22
MPa, modulus of elasticity 1627 MPaxliral strength 41 MPa,
flexural modulus 1834 MPg more information [Dimension
2011]), while the construction height was constantly 250
microns. Furthermore, a required type gbarse support was
selected. In case of FDM printingolid or sparse high
construction materials with high material density was chosen.
The structure ofSolidoffers full internalstructure, while on the
opposite the Sparse Highenables forming a lightweight
internal structure, leading to decrease of construction material
consumpton and shortening the tim necessary to print the
model.

PolyJet X\ ’ 100,0
80,0

Dimension

Figure 5 Model production using FDM, PolyJet Matrix, SLA and SLS 70,0
56,0

3 MANUFACTURING THESTESAMPLES

Although there is no standard for testing the dimension anc
geometrical accuracy of parts manufactured by means ¢
addtive technologies, an own modeffigure 6) based on
research and prior experiencgMendricky 201éb] was
RSaA3IySRd ¢KS ol a300am, the Kides of 7
the base are fitted with M6 threads allowing mounting to
measurement equipment. The model contains shapes fo
inspection of basic dimensions, i.e. lengths, distances, angl
and diameters of spherical and cylindrical surfaces. Geomet
of the model was designed so that it contains as man
problematic shapes (elementsys possiblgfigure 7) The key
parts were two planes, five cylinders in different orientations,
three identical spheres and distance between them. Ir
addition, it is pos®le to inspect some deviations of shape and
position, such as flatness, parallelism, concieityr of
cylindricalsurfaces, prpendicularity etc. It is also possible to

evaluate small details. For that purpose, the model is fitted
with tiered rectangularthrough-grooves and circular holes
(Figure 5). Distance and size of each of the geometrical obje
1 FOM ABS

O
55,0
100,0

Figure 7 2D drawing of the CAD model

was selected with regasto the 3D scanning performed in the

future. It is appropriate to place he objects so they do not Di . 0.25mm Full solid
. imension
unnecessarily overlap each other. FDM
2 . . ABS 0.25mm Sparse light
Dimension
o | 2l ABS  0.25mm  Fulsolid
Fortus
FDM :
4 Fortus ABS 0.25mm Sparse light
PolyJet 0.016
5 Object 500 VevoGray mm Matt
PolyJet 0.016
6 Object 500 VevoGray mm Glossy
SLS EOS Vertically
7 P3SP PA 2200 0.1mm printed
SLS EOS Horizontally
8 P3sP PA 2200 0.1mm arinted
_ . 9 SLA ABS 0.05mm Full model
Figure6. Thedesigned cad model Formlats 2 TUL
SLA Full model
For the modelprinted by PolyJet Matrixmethod, VeroGray 10 Ultra ABS 0.05mm Out side

material (matte mode ¢ model covered by support material) _ _
and one more model with VevoGragaterial withoutcovered — Table 1 Properties of the model and the 3D printers used
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In total, we printed10 types of models. Two models created5 ANALYSIS OF MANUFABING ACCURACY

using the FDM method with difference internal structutevo  Firstly, an analysis of dimensional accuracy was performed. The
models created bythe PolyJet Matrix with difference in analysis consied of inspecting the diameters of spherical and
support, two models created by the SLA method with differentcylindrical surfaces, length dimensions or spacing of the
printer machinesand two models created by SLS methodhw individual elements. Basic geometrical elements (cylinders,
different orientation during printing procees The following spheres, planes, etc.) were calculated by interlacing the fitting
table 1 showsthe comparison of individual technologies elements with Gauss Best foNJ  ¢-igured) [Peterkova201§.
regarding the printing time and consumption of model andin addition to external and internal diameters, horizontal and
supporting material. verticalcylinders were also evaluated.

4 MEASUREMENT METHORND EQUIPMENT USED

ATOS system is an optical measurement system whost
measurement process is based on the principtdsoptical & QR Oinder2
triangulation, photometry and fringe projection. It is used in _ - AR TR
various industries such as construction, manufacturing, quality e '
control, design, etc. The ATOS system can ensure fast and ea g2

digitisation of the measured objects with the relatiyehigh
resolution and precision. The most important part of the
system is the optical 3dcanner (figure 8) itself which is
consisting of a mjector. Each configured sensdefines the
size of the 3D area in which the measured object will be Colinger 4

" Nominall _Actual

Dev.| Check

1 |Nominal| Actual Dev. Check

2 6.00/ +5.79| - B g @ | +6.00/ +6.09 +0.09H{
scannedsocalled measurement volume o B EE = o e ——
Parameters oATOS Il 400 optical scanner "Lx

Measured volume 250 X 200 X 200 mm —

Weight 5,200 g AT I W e————
Time of 1 scan 1 second e
Nu.rnber Of.pOInts In one can Up to 1’400’00 imr:::nlal Actual Dev.| Check d ip;:l;g‘; Actual Dev.| Check
Point density 0.18 mm Pl 1200 +11.69] S0lLB Ll +40.00 +40.02 +0.02=W
Measurement accuracy ' LILINPE® on > e

'\ Sphere 3 |
* Nominal| _Actual Dev.  Check
+12.00) +11.87) -0.13M=

Fgure9. Inspectionof diameters and thelimension of sphere and

spacing between them
FDM

. _ 046mm 0.13mm 0.09mm 02
Dimension mm
Figure 8 Optical scaner ATOS Il 4@@m.com 201p FDM
Dimension 0.12mm 0.09mm 0.04mm 018
ATOS provides dimensional measurement data and analysis o Spare : : : mm
industrial components, i.e. sheet metal parts, tools, moulds, P
. . . L FDM -0.01
turbine blades, castings etc. Instead of measuring individual Fortus 0.16mm 0.16mm mm -0.1mm
point or by laserATOS captures all the geometry and surface FDM
components into dense cloud and polygon. Fortus omm  0.06mm 007 -0.08
ATOS is the broadest use of the system in the areas of CAD Spare mm mm
CAM and FEMMendricky2015 where it is necessary for the Poly jet 0.21 0.27 0.21
measurement of real objects and their comparison with the = Matte mm mm mm  0-22mm
virtual model. _ Polyjet 002 004 003 ..
The entire device is designed so that the operator puts the Glossy mm mm mm JQHLIn
minimal requirements users. Handling sensitive device around SLS -0.11 -0.02
the heal of the subject is very easy. Vertical  0-04mm - T 0.05mm
Since the object is located on the adjustable tripod. Also, there SLS -0.15 -0.32 -0.21 -0.05
is no need to scan the object after regular sections (e.d), 20 Horizontal mm mm mm mm
but_l_t is enough to creatg the ntregula_r_lmages and makes SLA 0imm  003mm 0.03mm -0.04
auxiliary software brands will asss its position. mm
The scanner is supplementgd by cgmpbn:entrolled rotary SLAUltra 0.26mm 0.23mm  0.02mm -0.19
table. It finds the application in repeating of the same parts mm

Table2. Deviation of the nominal cylinder diameters
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(0.01 to 0.016) and flatness (0.17). The deviation of spacing
between the spheres and the dimensions of the LX and-LY

m Cylinder @ N 0.05 to 0.09)are within the tolerance limit. Compared to
B FDM Dimension . .
03 o models from FDM Dimension, Fortus gave better results. Even
- POV Dimension Spare models from FDM Fortus spares gave similar results like Fortus.
0.2 ® FDM Fortus
1 H Poly jet Matte
0 i i L i . W Poly jet Glossy FDM
PAcil L RSl i oREL, _ PV 006mm  -0.05mm  0.01mm  -0.01 mm
SLS Vertical Dimension
-0.2 SLS Horizontal FDM
03 SLA Dimension -0.1mm -0.08 mm -0.03mm -0.04 mm
o4 SLA Ultra Spare
' FDM Fortus 0.09mm -0.05mm 0.01mm -0.1 mm
Figure 10 Graphical view of the diameters deviation
FDMFOMUS - 41 m  0.03mm  0.03mm  -0.04 mm
Spare
FDM -0.17 mm -0.17 mm -0.2 mm Poly jet 0.06 mm 0.06 mm -0.22mm -0.1 mm
Dimension ' ' ' Glossy
EDM SLS Vertical 0.16 mm 0.15mm -0.12mm -0.06 mm
Dimension -0.19 mm -0.19mm  -0.17 mm SLS 0.26mm -009mm -023mm -0.08 mm
Spare Horizontal
FDM Fortus -0.11 mm -0.12mm  -0.13mm SLA 0.1mm -0.07mm -0.11mm 0.07 mm
SLAUltra -021mm 0.06mm -0.15mm -0.03 mm
FDM Fortus -0.09 mm -0.11 mm -0.12 mm
Spare Table4. Deviations from the nominal dimensions XL and YL
Poly jet Matte 0.2 mm 0.19 mm 0.21 mm
Poly jet Glossy ~ 0.05 mm 0.05 mm 0 mm - Dimension
. B FDM Dimension
SLS Vertical 0.09 mm 0.04 mm 0.03 mm 0.2 o
015 W FDM Dimension Spare
SLSHorizontal -0.08 mm -0.01 mm 0.05 mm 61 _ = FDM Fortus
SLA -0.01 mm 0 mm 0.01 mm 0.05 1 | FDM Fortus Spare
0 = i - m Poly jet Matte
SLA Ultra -0.16 mm -0.13 mm -0.12 mm 005 1 S X u Poly jet Glossy
Table3. Deviation of the nominal sphere dimension *0-1&: ; 8 = " & SLS Vertical
O?;l& & 0\6\% SLS Horizontal
0.2 L
sphere . SLA
mm B FDM Dimension ) SLA Ultra
-0.3
0.25 B FDM Dimension Spare

0.2 ® FDM Fortus

B FDM Fortus Spare
H Poly jet Matte

Figure 12 Graphicaliew of the dimension LX and LY deviation

0.15
In the PolyJet fpssy mode cylinder diametertolerance is

between -0.04 mm to 0.01 mm, in the spher@0 mm to

0.1
0.05

® Poly jet Glossy

-0.05

0.1

SLS Vertical
SLS Horizontal
SLA

0.05mm, (0.07 mm to 0.12 mm) and flatness (@1 mm). The
deviation of spacing between the spherg§.06 mm to 0.06
mm) and the dimensions of the LX and LY a®eDlmmto 0.06

SLA Ultra

mm) which is wellwithin the tolerance limit. Comparkto
models from FDM Dimension& Fortus PolyJet pssy mode
gavebetter results.But modelsfrom PolyJetMatt mode gave
poor results.

In the SLS verticalylinder diametetoleranceis between-0.11
mm to 0.05 mm, in the sphere (0.08m to 0.09 mm), (0.03

-0.15

-0.2

Figure 11 Graphical view of thepheredeviation

At first glance, the diameter deviation of the cylindiic

elements printedby FDM Dimension shown in table 2 & figure D
10 is 0.16 mm te0.21 mm, which is little above the tolerance MM t0 0.25 mm) ard flatness (®3 mm). The deviation of
level and the other inspected geometries were diameters ofPacing between the sphere<0(11mmto -0.07 mm) and the
spherical elemets is(0.17mm to ¢0.2), their spacing (0.67 dimensions of the LX and LY as@.12 mm to 0.16 mm), and

0.05), and absolute dimensions of the sample (table 3 angOMe Measurements are extendew the tolerance limit
figure 11), and inspection of absolute width showed that thecOMParél to models from FDM Dimension & Fars SLS
samples printed by¥DM Dimensiormethod (see DX and DY verticalgavethe better results.From the above analysed data
dimensions in Table 4 and figure 12The deviation ranged W€ ¢an observe thamnodels fromPolyJet pssymode gavethe
from -0.06 to 0.01 mm. Here we can observe that spacin&eSt results so far, but models fro®LS horizontajave very

between the spheres and the dimension LX and LY are withfPOr results.

the tolerance limit. In the observationhe models from FDM N the SLA cylinder diameteoleranceis -0.04 mm to 0.1 mm,
Dimension sparse are also having the similar results. in the sphere 0.01 mm to 0.01 mm), (0.6 mm to 0.11 mm)

Inthe FDM Fortus cylinder diametelerance isbetween-0.01 ~ and flatness (a1 mm). The deviation of spacing between the
mm to 0.16 mm little better than FDM dimension but it is alsoSP€res {0.06mmto -0.07mm) and the dimensions of the LX
with in the tolerance limit, alsdn the sphere 0.11 to-0.13) and LY are-Q.11 mmto 0.01mm) all the dimensions aréhe
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tolerance limit. Compare to model$rom the remaining the models are within the limitAmong these, the sparse
technologies SL#avethe best results up to novand PolyJet models show greatedeviation in the aging effect

glossymode is I F i S NBRitNGFvEeE fromSLAuUltra gave

comparativelypoor results.

a) ANALYSIS OF AGING EFFECDAYS AFTER) b) ANALYSIS OF AGING EFFECT (84 DAYS AFTER)
- Cylinderg mm Cylinder @ o\ imension
0.3 M FDM Dimension Spare 03 B FDM Dimension Spare
0.2 h X A FDM Fortus 02 * X A FDM Fortus

| * > FDM Fortus Spare A < FDM Fortus Spare
0.1 & 0.1
| £ Poly jet Matte . K Poly jet Matte
0 Y g L] [ J . 0 U a )
! 9 g " 5 @ Poly jet Glossy 8 g 5 @ Poly jet Glossy
A
01 * SLS Vertical 0.1 % SLS Vertical
02 X X L SLS Horizontal 02 5 X + SLS Horizontal
X
03 SLA 03 X SLA
SLA Ultra SLA Ultra
0.4 0.4
Figure 13 Deviation of the cylindeafter 14 days Figure B. Deviationof the cylinder after 8 days
o sphere mm sphere
4 FDM Dimension 4 FDM Dimension
0.3 0.25
B FDM Dimension Spare X X B FDM Dimension Spare
0.25 % X X 02 X
0.2 A FDM Fortus A FDM Fortus
0.15
0.15 > FDM Fortus Spare < FDM Fortus Spare
0.1
0.1 't Poly jet Matte - K Poly jet Matte
] 0.05 L] L] o
005 g O ® Poly jet Glossy ® Poly jet Glossy
o 1 57
0 e SLS Vertical 1 5 3 % 5 SLS Vertical
005 + 2 3 4 . -0.05
. SLS Horizontal SLS Horizontal
X X
0.1 0.1
4 ¥ SLA & i & Sta
-0.15 ] -0.15 1
[ a SLA Ultra * SLA Ultra
0.2 -0.2
Figurel4. Deviation of the spherafter 14 days Figure T. Deviationof the sphee after 84days
Cylindricity Cylinricit
mm v . 5
# FDM Dimension mm y y # FDM Dimension
0.35 i i 0.35
* WFDM Dimension Spare * M FDM Dimension Spare
0.3
A FDM Fortus 0.3 A FDM Fortus
0.25 ™ > FDM Fortus Spare 0.25 % ><FDM Fortus Spare
X £ Poly jet Matte X y :
02 ! L 0.2 X ¥ Poly jet Matte
0 .
015 b4 @ Poly jet Glossy 015 é § @ Poly jet Glossy
a SLS Vertical i g SLS Vertical
0.1 3 0.1 r 3
[ ] ] A SLS Horizontal P [ ] )4 SLS Horizontal
0.05 4 0.05
SLA . (] SLA
0
SLA Ultra 0
o 1 N 3 ’ s 0 1 5 5 A s SLA Ultra
Figure 15 Deviation ofcylindricityafter 14 days Figure 18 Deviationof cylindricityafter 84 days

These are the results of the models after 14 days maintaining iRere after 84 days we made the scannamy compare the
room temperature and comparing with theay 1model. Here  results with themodelsscanned orday 1and wegot the same
in figure 13we can observéhat errors after 14 daysre similar  results like what we got on 14 days. Here we can sedithee
to Day 1 errors. Sahe difference (change in dimensions) is16, figure 17and figure 18ve gotthe deviations same like day
minimal for example the models from SLA and Polydlessy  14. We canalsoobserve that thereare no geometrical changes
mode had change the diensions very less (0.04 to 0.05 /M if you comparefigure 20 and figur@1 where you can observe

compare to others. there are no deviations, and therefore geometrical and
Even in figurel4 and 15we can se that SLA and PolyJdbgsy  dimensional deviations aftel4 days.

mode gavethe best results. In the figure 1BDM Dimension
and SLSverticalalso gavehe better results but thesenachines

are not maintaiing the same minimal deviations all ares.
SLA and PolyJetlossy mode are maintained in all the
geometries.

Here in this observation we can see that even the models from
the best technologies have some geometrical and dimensional
changesand by changing the time these deviations afnse of
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B Forfus Sparse day1s*”

Lenath unit: mom|

Figure 19.Colour maps of normal deviations

The analysis shows, the highest accuracy was reached Ipyovided by the manufacturer of this printer is 0.127 mihhis
PolyJet tpssy mode with the HQ settingi m ¢ >Y freg@irémentwas met on most caséfigure 19)Unfortunately,
thickness. The manufacturer states that construction accuracthe other modelsfailed to keep within the tolerancémit for
should range between 0.0 0.085 mm depending on used construction accuracyThe analysed resulisf FDMDimension
material, geometry of individual parts, model orientation andsamples showthat deviations from the CAD modéable 3
settings of construction parameters. This requirement was meand table 4) did not meet the required conditionsThe

on most casegfigure 19) FDM Fadtus gavebetter results and remainingmodels from SLA and SLS also failed to keep within
overall higher than in case of the samples printed by means dlhe tolerance limit the manufacturer provided the accuracy of
PolyJet Matrix glossy mode. The declared tolerance of printersfor both SLS and SLA is 0.10n(igure 19).

construction accuracy

Figure 20 Colour mapsof normal deviations after 14 days

[mm]
0.10;

0.08

-0.08]

SLS Horizontal day 1480

-0.08]

Fortus Sparse Day 14§+
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Figure 21 Colour maps of normal deviations after 84 days

As the analysis shows now we are going to find the deviatior}
after 14 days and after 84 days. By the analysis of fi@9re
figure 20 and fihure21there was some deviations fromil dhe
models, compare PolyJelogsymodeday 1, day 14 and day84

e manufacturer.The PolyJet Matrixlgssymodeis the better
printer with all the better results The manufacturer of
StratasysDimension SST 76@rovides printing accuracy of

2YSiAyYSa S OFryQi NBfe 2y (KS

(

PRSI N A e . .127.mm.But it exceqaded.most of the timets - +0,16. .
UKSNBL Ad I YAYSNI RSOAFUAZY rH.Q'ﬁeexg‘aédgnceé {%% P&er%ce”wgspdetgfdgnogﬁ)}jir?a b

lees deviation and this is the best result we got. And in FD absolute nominal dimension ofertical Z-axis. However, that

Fortus there are some deviatienon figu_re_lg _and figure 20 may be a result of layer rounding (multiples of 0.25 mEyen
where we can observe there was a deylatu.)n.m day 1 and daa}il the remaining radels from the other printers are alsgave
14 of around 0.04 mm the deviation is within the tolerance

o . T th tain deviations.Th f i ith the CAD
limit, but in the day 14 and day 84 the deviation is almost sam © ceriain deviatons. 1he suriace comparson wi ©

’ S fhodel showed theoverall deformation. This deformation is
we can say there IS no dew_atlon after M In the models SLS probably caused by the internal tension resulting from the
there are some deviations figure 19 and figure 20 where we can aterial cooling

b h deviation in d dd f aroung

ooszelrve there was ab ewatur)]n mh ay lan a;yh14 0 darloﬁnlglanufacturing ofparts using the 3D printing technologies is

+0.21 mm. we can observe that the geometry of the mode a?ecently on a steep rise, however, in most cases, the printed
been expanded and the deviation has extended thiefance arts are incomparable with the parts manufactured using

limit but in the day 14 and day 84 the deviation is almost sam raditional methods in terms of accuracy and quality. And 3D

and we can say there is no deviation after day 14. In SLA aISrolntin is manufacturing the te of special and complex parts
there are some deviationkere infigure 19 and figure 20 we P 9 9 P piex p

I which traditional method®© I i@ Gomplex quality evaluation
can observe there was a deviation in day 1 and day 14 anst parts manufactured by means of 3D printing is therefore of
around +0.15 mm here we can observe that the model ha

%i h value in practice, since when ensuring manufacturing with
been expand the geometry and the deviation is extended th g b | g g

L . .-~ "a certain quality and accuracy, omaust know the specific
tolerance limit but in the day 14 and day 84 the deviation IS mitati 4 Y y P
. 7 imitations of the given technology.
almost same we can say there is no deviation after day 14
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