Execution of Plastic Parts Using 3D Scanners and 3D Printers
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In this paper, the authors show a part of research works performed on the use of 3D scanners and 3D printers
to execute plastic parts with complex surfaces. 3D scanning allows copying of certain surfaces in our
environment, based on existing models. Scanned models may represent various objects, made of a wide
range of materials: metals, ceramics, fabrics, plastics, leather, organic materials etc. [1]. This paper shows
the results achieved using a scanner and a common and affordable - low-price - printer. 3D scanners and
printers allow execution of clones of certain parts with irregular surfaces.
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Currently, the recent manufacturing methods [2,3],
based on 3D-printing techniques, are used in various fields:
industry, medicine, research etc [4].

3D scanning may lead to a digital caption of the spatial
image of a piece. There are several methods for execution
of this scan, but the method most commonly used today is
the 3D Laser scanning method [5]. The size of scanned
object, the work conditions, the scanning speed and
accuracy are all dependent on the type of scanner used.
Currently, a wide range of such scanners is available,
starting from EUR 200 and up to several tens of thousands.

Several types of such scanners are shown below.

Figure 1 shows one of the most commonly used
scanners.

Fig. 1. XYZ printing 3D
Scanner

In figure 1, the following legend was used: 1 - handle, 2
- on/off switch, 3 - USB 3 power cable, 4 - photo camera, 5
- laser.

This scanner is connected to a laptop, and it may operate
in three ranges:

Range 1 - objects with a maximum size of 600 x 600 x
300 mmé,

Range 2 - objects with a maximum size of 400 x 250 x
400 mmé,

Range 3 - objects with a maximum size of 1000 x 1000
X 2000 mm?,

Whichever the range, it is recommended that the
scanned object should not be smaller than 50 x 50 x 50
mms3,

The scanning resolution is of 1 - 2.5 mm.

Figure 2 shows a scanner with superior performances
compared to the model above [5].

This scanner may be used for objects with minimum
sizes of 200 x 200 x 200 mm?* and maximum sizes of 3000
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Fig. 2. Sense 3D Scanner

x 3000 x 3000 mm?. Resolution of this scanner is of 0.9 - 1
mm.

The 2" generation of 3D Sense scanners uses the Intel
Real Sense Technology, providing HD resolution of colors,
which appear clearer and in higher details.

ARTEC 3D company manufactures high-performance
3D scanners, providing a 3D resolution of 0.1 - 0.5 mm.
These scanners are used in various industrial design
applications, archeology, arts [5].

The scanner used by authors is the type shown in figure
1.

Experimental part
Overview of objects scanned to be subsequently printed
in 3D with PLA filament

For 3D printing, the authors selected the items shown in
figure 3.

1 Loy
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Fig. 3. Objects scanned to be subsequently printed in 3D with PLA

filament



Table 1 Table 2
THE MAIN FEATURES OF OBJECTS SIZES OF SCANNED OBJECTS
OBJECT Actual sizes Material OBJECT | Sizes resulted from scanning
[mm?]
[mm? The Toy 144.278x115.585x140.282
The Toy 144x115x140 FABRIC (Plush) The Boot | 310.723x134.513x174.083
= The Funnel | 100.6X101x112 (rotation part)
The Boot 311x132x174 Leather The Statue 135 19268 59x173 4
The Funnel | 90390x111 (rotation part) Plastics = - -
The Statue 126x67.24x124 94 Marble

Table 1 shows the main features of these objects.

Overview of scanning results

Scanning of objects above was performed using two
special programs [5]. In both cases, the scan object option
was used. Sizes of objects resulting following scans are
shown in table 2.

It should be noticed that scanning was made in high
accuracy conditions, size gaps being of maximum 1 mm.

After scanning, editing of 3D models is made, and if
necessary such models are corrected [5].

Table 3 shows the scanning results of these four objects.

Determination of 3D printing parameters

Currently, 3D printing has become a common method
for the execution of various parts [6,7]. 3D plastic printers
are manufactured by various companies at prices
affordable even for small companies. For 3D printing,
authors used a CTC DIY 3D PRINTER which is shown in
figure 4 [8].

In figure 4, the following legend was used for the main
elements of this printer: 1 - fixed frame, 2 - bed, 3 - extruding

unit, 4 - printer display. Work axes of this machine were
noted with X, Y and Z.

The following characteristic features of this printer must
be noticed: maximum printing sizes 200 x 200 x 180 mm?,
layer accuracy 0.1- 0.5 mm, nozzle diameter 0.4 mm,
maximum operating temperature 260°C, work speed 35 -
40 mm/s, fast speed mode 30 - 100 mm/s.

The material used for printing is PLA-type plastic filament
with 1.75 mm diameter. The following temperatures were
set for printing: 180°C - at extrusion head, 70°C - at the bed.

Objects achieved following printing shall be reduced to
various scale models compared to items actually scanned.

Table 4 shows the sizes of objects scanned, and sizes of
objects to be achieved.

Results and discussions

Objects achieved following 3D printing are shown in
table table 5. The same table also shows the actual sizes
of objects measured after completion of the printing
process.

In the printing process, the software program CURA was
used on the CTC DIY 3D PRINTER

OBJECT Scanl Scanl
The Toy B - & Sense’ 'L
Bx2E N
2
The Boot a & Sense’ Fooe0
Bx 2B S
Table 3
2 SCANNING RESULTS OF OBJECTS
The i & Sense 0000
Funnel B2 E N
2 ‘
The I & Sense Fe0o0
Statue BxamE s
? ‘
W o e gy, s gt e 1 Spate, fg by da e P, e A s b pp
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Table 4

ACHIEVED OBJECTS SIZES

Object

Scale X
Scale Y
Scale 2
Size X (mm)
Size Y (mm)
Size £ (mm)

Sizes achieved by scanning

Sizes programmed for printing

Scale X
Scale Y
Scale £
Size X (mm)
Size Y (mm)
Size Z (mm)

Scale X Scale X
SCEIE \T’ Scale \I"
Scale Z ! Scale Z
STECRE VI 310.725 Size X (mm)
STECRE I 134.513 Size Y (mm)
Size Z (mm) QLYK Size Z (mm)
Scale X Scale X
Scale Y Scale Y
Scale Z X Scale Z
. - H LV
Fig. 4. CTC DIY 3D PRINTER Size X (mm) RDEFE giiﬁ % E';']'T::;
SIECAA (T 101.028 * :
Size Z (mm) [Pl Sz 2 (mm) EIEE
Scale X Scale X
Scale Y Scale Y
Scale Z Scale Z
Size X (mm) Size X (mm)
Size Y (mm) Size Y (mm)
ST () 122,397 Size Z (mm)
Table 5
3D PRINTING OBJECTS ACHIEVED
Object Object achieved Sizes measured after
removal of burrs
[mm]
The Toy KX=348,Y=275Z=338
Below, for each object, the difference between
the programmed size (achieved by scanning) and
——— ————1 the size achieved by printing was calculated.
The Boot X=433.¥=18.2=247 | pesults are shown in table 6.
Table 6
The Funnel =223 Y=22 F=2315 THE DIFFERENCE OF SIZES
Object Programmed size - size
achieved = A [mm]
The Toy A =12 AV =13 AZ=102%8
The Boot AX =13 AY =13 AZ=03
The Funnel A =01 AY =03 AZ=013
The Statue X=40.¥=214 Z=309 The Statue AX =1 AY=02AZ=0.1
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Size differences may be explained as follows:

- for the toy, due to its material, it is possible that in some
areas the PLA filament with a diameter of 0.4 mm may
not have been laid properly, and removed as a burr;

- both for the toy and for the ice, layers are not laid
continuously in the XOY plane, which may lead to
occurrence of irregularities in this case;

- the extrusion temperature, the bed temperature and
also the ambient temperature affect the printing accuracy
also through the shrinking of material laid;

- sizes resulted from scanning may also include false
information, beyond control, due to the 3D image capturing
method.

Conclusions

3D scanning allows achievement of models that may
be used in 3D printing with plastic filament (PLA). This
material is easily available, at a price of app. EUR 20 / kg.
[9]. Scanning may be made with various types of scanners.
Currently, their price vary between EUR 200 and EUR
15,000. Laser scanning is very accurate, allowing capture
of complex spatial surfaces. As the scanner used by the
authors hereof is one of the simplest models, it provided
an acceptable scanning accuracy for outer surfaces that
are not provided with counter-pieces. Size differences on
the three axes, between measured and scanned values
are of maximum 1 mm. 3D scanning is influenced by the
color and material of the scanned object, but also on its
lighting method. It is recommended that scanning should
be performed at low speed, and the scanned object should
be placed on a flat surface and illuminated so that no
shadows are formed. Usually, small adjustments are made
after scanning.

After execution of the 3D capture, printing of desired
objects may be performed. In case of the printer used by
the authors, printing with PLA filament was made with
size differences of up to 1.5 mm between capture and the
printed object.
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When scanned surfaces are surfaces destined for
installation of a possible counter-piece, adjustments may
be made. This may be achieved manually or with engraving
machines.
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