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The additive manufacturing processes emerged at the end of the last century and became popular
by low-cost 3D printers. The most used printers work on a cartesian configuration, but recently
were launched delta machines. These 3D printers use a more complex control system due to their
trajectories generation but may present some advantages over the cartesian configuration. To increase
the knowledge about additive manufacturing, a comparative study with cartesian and delta printers
was performed to evaluate the performance on printing a testing part. Three samples were produced
in each printer and compared based on surface quality, manufacturing time, mass and dimensional
measurement. The printed objects were 3D scanned for comparing the digitized geometry by aligning
the point cloud generated to its virtual 3D model. The parts produced in delta printer obtained better
surface quality, while cartesian printer provided better dimensional accuracy. The results also showed

that the variation of the mass and time to produce the parts were not significant.
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1. Introduction

The Fused Deposition Modeling (FDM) was originated
in 1989 and patented in 1992 by the American company
Stratasys'. Among the main additive manufacturing
technologies available the most commercialized process
worldwide is the FDM?.

The additive manufacturing processes are characterized
by the same basic steps, differing in the way the layers are
constructed®. These processes were popularized by the creation
of 3D printers, where objects are constructed layer-by-layer
based on a virtual 3D model*.

In the FDM process, the layers are obtained from the
deposition of a polymer through a hotend (extrusion head).
The raw material is purchased on spools of filament of 1.75
or 3 mm diameter, which is directed to the inside of the
hotend®. The hotend is endowed with heating components
for plasticizing the filament. The pressure generated by the
filament inlet promotes the extrusion of the molten material
from the hotend through the nozzle.

Currently, the use of these technologies goes beyond
its original purpose of rapid prototyping, allowing the
production of final products®. The use of this technology
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advances in the most diverse areas of knowledge’. However,
the applicability of the equipment has some limitation,
especially considering the small production volume due to
the size of the construction platform.

The most widely 3D printer configuration is the cartesian,
meaning that the printing movements happen on the X, Y and
Z orthogonal axes. Core XY is one emerging configuration for
cartesian printers that presents the extruder nozzle moves on
the X and Y axes and the construction bed moves on the Z axis.

Recently were launched delta 3D printers that work
differently than the cartesian ones. Once that delta printers
are based on a parallel coordinate system® they move by
free trajectories generated through articulated axes, while
the printing bed remains static (Figure 1 - adapted’, 2014).

Although delta printers move more complexly, they
possibly present some advantages over cartesian ones, such
as rapid speed and building capacity, higher production
volume, less inertia of the extrusion assembly, less moving
parts, easier enclosure and better temperature control®!°.

To investigate some of the differences between cartesian
and delta printers, a comparative study was carried out
through the construction of testing parts in 3D printers that
work through the mentioned configuration systems.
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Figure 1. Schematic of cartesian and delta printers. Source: Earls
¢ Baya (2014).

2. Experimental Procedures
2.1 Testing geometry

To compare the dimensional accuracy between the objects
printed on the two types of printers, a testing part geometry
was proposed. It presents a certain variety of measurements,
inclining angles, different wall thicknesses and more than one
shape - having a square base, a cylindrical top on the inside and
an octagonal shape at the outer edge. After the geometry was
settled, the segments to be measured were defined (Figure 2),
as well as other aspects to the comparison, such as printing
time and mass.

Section view

Figure 2. Evaluated dimensions on proposed geometry

2.2 Printing procedures

Three samples of the developed geometry were constructed
in each printer used in this project: (1) the cartesian 3D Cloner
DH printer (Figure 3), for which the GCode was generated
in Slic3r software; and (2) the parallel coordinate system
Rostock Max V2 (Figure 4), using the GCode generated by
Matter Control software.

The material used to produce all parts was a gray PLA
filament with a 1.75mm diameter from ESUN supplier. The
machines adopted extruder nozzles with 0.4 mm diameter
and the same printing parameters (60 mm/s - printing speed,
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Figure 3. 3D Cloner DH Printer. Source: 3dcloner.com.br

Figure 4. Rostock Max V2 Printer. Source: seemecnc.com
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0.3 mm - layer thickness, 50% - infill density and 195°C
- extrusion temperature). The bed temperature for Rostock
was 60°C and for 3D Cloner was room temperature because
this model does not have heated bed.

2.3 Measuring procedures

The dimensional evaluation was performed by using
a RS2 LASER 3D scanner coupled to a 7-axis Romer
Absolute Arm SI (Hexagon Metrology). This equipment
captures a point cloud of the part, which was optimized by
the PolyWorks Inspector software, allowing comparisons
with the CAD model'". Three-dimensional scanners are
widely used in dimensional object control. They are a
versatile equipment, mainly in the measurement of complex
geometry parts and its dimensional control tends to become
faster than the coordinate measuring machines. The mass
of the sample objects was measured on a digital scale with
0,01g resolution.

3. Results and Discussion

3.1 Printing quality

To illustrate the printing quality, some specific details
of'the first geometry printed by Delta and Cartesian Printers
were photographed (Figure 5). It is possible to observe that
the part printed by the Rostock Max V2 had better finishing,
presenting a smoother surface than the one printed by 3D
Cloner.

In the images, it is also possible to verify that the transition
between layers in the Rostock Max V2 printer is better than
the one observed in the 3D Cloner. This may be related to
the configuration of the slicing process parameters. When
a layer is finished the machine moves only in Z, during the
time of movement, it is common for the hotend nozzle to
continue to extrude the material, resulting in defects on the
surface of the part.

Some defects observed in the parts produced by the 3D
Cloner are related to excessive extrusion were observed.
These defects can be also assigned to the adjustment of
the process parameters and the firmware of the equipment.

3.2 Mass, build time and dimensional evaluation

The information of the mass, build time and dimensional
data collected by analyzing the six printed parts were compared
side by side to highlight the measurements, average and
standard deviation (Table 1).

The average mass of the parts obtained by the two printers
was very close. The 3D Cloner obtained a 5% higher average
value, however it did not prove significant due to the large
standard deviation in the manufactured parts.

The build time of the parts was considerably shorter
in the Rostock Max V2 printer with an average time of

Figure 5. Surface details on 3D printed parts

5h50min. The 3D Cloner printer showed a large dispersion
over the manufacturing times. This variation may be related
to communications problems between printer and computer
that controls it.

On the dimensions evaluated in comparison between
printers the 3D Cloner showed better accuracy (0.5% on
average). The Rostock Max V2 printer built parts around 1.1%
larger than the CAD model but presented less dispersion in
the measurements which was three times smaller on average.
It should be noted that unlike the 3D Cloner printer, sold
fully assembled, the Rostock Max V2 used was assembled
from a DIY kit. Subsequent settings for printer calibration
can improve the accuracy of the printer.

The point cloud obtained through LASER scanning
of the parts was overlapped with the virtual 3D model to
provide an overview of dimensional accuracy of the printed
objects. In Figure 6 the deviations are presented through
color scales representing positive and negative values.
Through the color gradient it is possible to identify that the
part obtained in the delta printer was relatively larger than
the CAD model on external surface confirming the results
of previous measurements.
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Table 1. Results of build time, dimensional and mass measurements of printed objects.

CAD 3D Cloner Rostock Max V2

Model #1 #2 # X s #1 # # < s
A (mm) 110 11042 110.63 11048 11051 0.1 110.10  110.01  109.99  110.03  0.06
B (mm) 55 5496 5504 5534  55.11 0.20 5587 5610  56.04  56.00 0.12
C (mm) 55 5493 5510 5527  55.10 0.17 5555 5575 5571 5567 0.11
D (mm) 85 83.52 8496  84.86  84.45 0.80 8590  86.40 8623  86.18 0.25
E (mm) 85 8478 8520 8559  85.19 0.41 86.18  86.14 8641 8624 0.15
F (mm) 82 81.69 7999 8147  81.05 0.92 8266 8231 8261 8253 0.19
Build time (h:min) ~ 05:40  07:54  12:00  08:31  03:12  06:12 0533 0546 0550  00:19

Mass (g) 117.00 13276 13333 12770 927 11428 12587 12421 12145 627

Figure 6. Comparative of CAD model and 3D printed parts
4. Conclusions

Based on the comparative study, it is possible to affirm
that the Rostock Max V2 printer gives a better surface finish.
Regarding the building time, the 3D Cloner performed the
construction about 10% faster when comparing the first part
in each printer. However, it presented an unusual behavior
when printing the third part, taking 12 hours to complete
the printing and manufacturing a worse surface finish than
the previous ones.

The mass variation between the parts was around 5%
and the dimensional evaluation revealed that the 3D Cloner
printer presented a better accuracy when compared to the
CAD model. The worse dimensional accuracy observed in
Rostock Max V2 printings may be related to its calibration,
but only further studies could validate this hypothesis.

The parts printed on both printers show similar results,
but the best performance of the delta printer was evident
in terms of finishing quality. It can be concluded that the
printing result obtained depends on how much the process
parameters and the firmware of each machine are suitable
for the parts to be printed.
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