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Abstract. This paper study experiment by utilizing Polylactic Acid (PLA) which was printed with 3D Printing
technology by taking the form of origami-shaped crash box pattern designed for MPV cars. The first step is to design
crash box origami patterns with CAD software, and continue with the mold wax design. Then print the model in the
Cura software. Then print the mold with approximately 56 hours 31 minutes and spend a 16.38 m long PLA filament
weighing 128 g. Then pour wax, as for the wax used is carnauba wax with the temperature of pouring into the mold
approximately 110 °C, let it chilled for 11 minutes then the mold is released from the wax. The final step is inspec-
tion. The result of this experiment is that the PLA-based mold is capable of printing the origami-shaped crash box
pattern well, shown by clear printing of sharp indentations both inside and outside. Percentage of nonconformity with
design area A of 0.52 %, area B of 0.43 %, area C of 0 %, area D of 10.8 %, area of E1—4 of 0% and area E5 of 3.2 %
are obtained. A comparison of the overall size of the design with the experiment was 0.29 mm. PLA tends to show
consistency of experimental results. This is shown in the consistency of experimental results 1 to 3 in areas A, B, C
and E. But there are inconsistencies in the experimental results in area D which represents the thickness dimension.
This is influenced by changes in mold patterns which are affected by temperature pour wax into the mold and trigger

the change of mold due to heat received continuously.

Keywords: carnauba wax, mold, PLA, sharp indentation, crash box pattern.

1 Introduction

Investment casting is a metal casting process with re-
sults having high precision. This method is used to pro-
duce several diverse and complex industrial components
(Huang and Lin, 2015). This consists of several process-
es, namely: making wax patterns, coating ceramic por-
ridge, and pouring (Liu et. at, 2015). In the process of
making mold wax, in some industries using iron so that
the resulting pattern can be precise. However, wax molds
made of iron requires a high cost for some circles. The
researchers conducted experiments to solve this issue,
using silicone rubber-based wax molds (Kuo and Shi,
2012). The advantages of rubber-based silicon molds
producing precised assembly and 2.19 % shrinkage di-
mensions. As it develops, the silicone rubber mold is
given by the taguchi method, producing optimal tempera-
ture in the tax process is the injection temperature of
82 °C, injection time of 2 seconds, injection pressure of
0.06 MPa and mold temperature of 60 °C (Kuo and Tsai,

2015). Other study produced an optimal temperature of
5 °C mold temperature, 85 °C for wax temperature, at
5.05 MPa (Rahmati et. al., 2007). The research also de-
veloped for aluminum-filled of epoxy resin mold. The
main benefits of this technique include low production
costs, a simple manufacturing process, and a short time of
total process (Kuo et. al., 2017). At present the three-
dimensional (3D) printer moves are fast, not least in en-
gineering. Some researchers conducted research using 3D
printers combined with changing the material phase for
making wax molds (Wang and Millogo, 2012).

In this paper, mold wax is made using 3D printing and
filament made from Polylactic Acid (PLA) which in-
cludes aliphatic polyester biodegradable thermoplastic
material. To test the ability to print complex and thin
objects, a candle pattern in the form of a crash box ori-
gami pattern is used.

Journal of Engineering Sciences, Volume 6, Issue 1 (2019), pp. C1-C 5

C1


http://jes.sumdu.edu.ua/
https://doi.org/10.21272/jes.2019.6(1).c1

2 Research Methodology
2.1 CAD modelling

The pattern used in this paper is the origami-shaped
crash box pattern (Ma and You, 2013) which has been
modified to be applied to the MPV (Multi-Purpose Vehi-
cle) Car which circulates in Indonesia (Kusyairi, 2017).
This experiment prints half of the origami pattern crash
box, as seen in Figure 1. The cross section is rectangular
in shape and has a thickness of 3 mm in all parts. This
will be a challenge when pouring wax into the mold,
which has sharp angles and curves.

Figure 1 — Origami-shaped crash box pattern

The mold wax design in this paper is as shown in
Figure 2. In Figure 2.a, it is divided into 2 parts, the in-
side and the outer parts of the mold. In the inner mold,
the outline consists of two parts, but the actual part is the
most complicated part, because in the 3D printing process
it is divided into 5 parts. This is so that the mold is easily
removed and does not have to damage the wax. The outer
mold generally consists of 1 part, but in the 3D Printing
process is divided into 2 parts, where between the inner
and outer mold is connected to the nut so that there is no
shift when pouring wax into the mold.
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Figure 2. Origami-shaped crash box pattern mold:
a — inner part; b — outer part; ¢ — mold hilistically

2.2 3D printing process

After designing the pattern of the object to be printed
and the mold wax design, the next step is to print the
mold with 3D Printing which is operated with cura soft-
ware. The material used is PLA and its properties can be
seen in Table 1. Setting the cura software by entering
temperature data of 240 °C, diameter of 1.75 mm at a
speed of 30 mm/s. The time required for the mold making
process is 56 hours 31 minutes and consumes a 16.38 m
PLA filament weighing 128 g. The results of the 3D
Printing process can be seen in Figure 3, with a not-so-
smooth surface.

Table 1 — Material properties of PLA (Farbman, McCoy, 2016)

Properties Parameters
Melting Point 175 °C
Density 1.23-1.25 g/em’®
Elongation at Break 3.8 %
Glass Transition 6065 °C
Tensile Strength 57.8 MPa
Flexural Strength 55.3 MPa
Tensile Modulus 3.3 GPa
Flexural Modulus 2.3 GPa

Figure 3 — 3D Printing result

2.3 Wax pouring

In this experiment, carnauba wax material is used. This
material was obtained from palm trees that grow in Brazil
with the Latin name Copernicia pruniferacerifera. The
content of these waxes are fatty esters (80—-85 %), free
alcohols (10-15 %), acids (3—6 %) and hydrocarbons
(1-3 %) (Sandhu and Sharma, 2012). Carnauba wax is
widely used in the investment casting process because it
has high dimensional accuracy. The carnauba wax prop-
erty material is shown in Table 2. After the mold has
been printed, the next step is to coat the mold with a non-
sticky liquid, which functions to make the wax easily
separated from the mold. The next step is heating the wax
to a temperature of 85—-120 °C. After a while, the wax is
poured into the mold and is chilled for 11 minutes. Next,
separating the mold one by one from wax.

Table 2 — Material properties for a carnauba wax (Rani, 2013)

Density Melting point Flash Volumetric
Point shrinkage
970 kg/m’ 82-86 °C 300 °C 5.45

2.4 Inspection

After the wax has been printed 3 times, the next step is
measuring the experimental results. The measured area is
as shown in Figure 4. It consists of five areas to be meas-
ured, in area A represents the long dimension, area B
represents the width dimension, area C represents the
high dimension, area D represents the thick dimension,
and area E represents the angular dimension. After the
measurement process, the next step is to calculate the
percentage dimension mismatch PDD = (Ay/x)-100 %,
where x — design dimensions; Ay — the differences of
design and result dimensions.
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Figure 4 — Measurement area:

Al — length of distance between the outer corner; A2 — length
of distance between the middle angles; A3 — length of distance
between inner angles; B1 — width The distance between the
outer corner; B2 — width distance between the middle angles;
B3 — width distance between inner angles; C1-4 — height
of objects; D14 — thicknesses; E1-4 — angular width;

ES5 — high angle

3 Results

Experiment results can be seen in Figure 5. It looks
like the pattern has been successfully printed; this is evi-
denced by the formation of wax in accordance with the
design. The inside of the experiment results can follow
the outer grooves so well that the inner sharp angles are

able to form, this can be seen in Figure 5.a. On the out-
side, the shape matches the design and the curve of the
angular pattern is able to form, this can be seen in Figure
5.b and 5.c. The roughness of the wax surface tends to
follow from the surface structure of the mold. In this
experiment, the molds made from PLA from the 3D pro-
cess have a non-smooth surface. This affects the results
of the smooth surface of the wax.

a b C

Figure 5 — Experimental results: top (a), front (b)
and side (c) views

In Table 3, there is a comparison of the size and per-
centage of non-conformity with the experiment. In area A
which represents the long dimension, the percentage of
non-conformity with the design is 0.52 %, in area B is
0.43 %, in area C is 0%, in area D is 10.8 %, in the area
of E1-4 — 0 % and in the ES area the height of the angle
is 3.2 %.

Data Table 3 shows that PLA can be used as a wax-
making mold. This is evidenced by the comparison of the
overall size of the design with the experiment of
0.29 mm, as shown in Figure 6. Mold wax made from
PLA has an average difference with experiments in the
length dimension 0.6 mm, width of 0.17 mm, height of
0.05 mm and thickness of 0.65 mm. This means that PLA
can be used for parts that have a tolerance below 1 mm.

Table 3 Results of the size experiment and presentation of non-conformity design

Design Test 1 Test 2 Test 3 Average Average Average
Area . Size, | Percentage | Size, | Percentage, | Size, | Percentage, . difference, | percentage,
size size, mm

mm (%) mm % mm % mm mm
Al 121.5 119.5 1.6 119.5 1.6 119.5 1.6 119.5 2.0 1.6
A2 114.5 112.7 1.6 112.7 1.6 112.7 1.6 112.7 1.8 1.6
A3 107.0 106.0 0.9 106.0 0.9 106.0 0.9 106.0 1.0 0.9
Bl 75.5 75.0 0.7 75.0 0.7 75.0 0.7 75.0 0.5 0.7
B2 68.5 69.0 -0.7 69.0 0.7 69.0 -0.7 69.0 -0.5 -0.2
B3 614 62.0 1.0 62.0 1.0 62.0 1.0 62.0 -0.6 1.0
Cl 60.0 60.0 0.0 60.0 0.0 60.0 0.0 60.0 0.0 0.0
C2 60.0 60.0 0.0 60.0 0.0 60.0 0.0 60.0 0.0 0.0
C3 60.0 60.0 0.0 60.0 0.0 60.0 0.0 60.0 0.0 0.0
Cc4 60.0 60.0 0.0 60.0 0.0 60.0 0.0 60.0 0.0 0.0
D1 3.0 3.0 0.0 3.0 0.0 3.0 0.0 3.0 0.0 0.0
D2 3.0 34 133 3.2 6.7 3.0 0.0 3.2 -0.2 6.7
D3 3.0 34 133 3.8 26.7 34 13.3 3.5 -0.5 17.8
D4 3.0 3.6 20.0 3.9 30.0 3.2 6.7 3.6 —0.6 18.9
El 10.0 10.0 0.0 10.0 0.0 10.0 0.0 10.0 0.0 0.0
E2 10.0 10.0 0.0 10.0 0.0 10.0 0.0 10.0 0.0 0.0
E3 10.0 10.0 0.0 10.0 0.0 10.0 0.0 10.0 0.0 0.0
E4 10.0 10.0 0.0 10.0 0.0 10.0 0.0 10.0 0.0 0.0
ES 40.0 38.7 32 38.7 3.2 38.7 32 38.7 1.3 3.2
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Figure 6 — Average difference between
the design and experiments

Table 3 shows the consistency of experimental results
1 to 3. It can be seen that the results of the area Al of the
overall wax pattern consistently produce a measurement
of 119.5 mm. Likewise for A2 and A3 areas produce
consistent sizes. In area B, there is also a consistent
measurement between the first experiment and the third.
In area C, which represents a high dimension, it is con-
sistent with all experimental results and also in accord-
ance with the size of the design. PLA-based molds are
also able to form angles consistently, this can be seen in
the E1-4 areas which still show the same size in each
experiment, and more than that the resulting dimensions
are the same as the design size. This can be seen further
in Figure 7, which shows the constitution of experimental
results.

But this is different from area D which represents the
thickness dimension; there are inconsistencies size of
experimental result 1, 2 and 3. This is due to the PLA
pattern that has shaped mold wax has changed. The first
change occurs when the mold is finished with 3D Print-
ing, the second change occurs when the mold is poured
into wax which reaches a temperature of approximately
110 °C. This makes PLA experience a sideways change
in shape, where the inner and outer molds are narrowed
and widened. This can be seen when experiments 1, 2,
and 3 results vary. Form changes can be reduced by en-
larging the thick dimensions of the mold.

PLA is able to form a wax pattern that has the com-
plexity of objects with the same results in each process,
but this is only to produce in small quantities. If used
continuously with quantity equated with molds made of
metal, PLA-based mold will change shape and will pro-
duce products that are not precise anymore. Continuous
heat when pouring wax into molds made from PLA will
cause the mold to change shape continuously, this is what
will cause inconsistency.

4 Conclusions

PLA-based molds are able to print origami pattern
crash box well, this can be seen by the clear printing of
sharp indentations both inside and outside. But the sur-
face does not have a smooth surface, this is because fol-
lowing the results of the surface roughness of 3D Printing
products. It is necessary to examine more effective ways
to smooth the surface of the results of 3D Printing.

Percentage of nonconformity with design area A at
0.52 %, area B at 0.43 %, area C at 0 %, area D at
10.8 %, area E1-4 at 0 % and area E5 — at 3.2 %.
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Figure 7 — Consistency of the experimental results

PLA can be used as a mold composition used for wax
making. This is evidenced by the comparison of the over-
all size of the design with the experiment of 0.29 mm.

PLA tends to show consistency of experimental re-
sults. It is shown in areas A, B, C and E that there is con-
sistency of experimental results 1 to 3, but in contrast to
area D which represents the thickness dimension, there is
an inconsistency in the experimental results. This is due
to the pattern of PLA that has been shaped as mold wax
has changed. The first change occurs when the mold is
finished with 3D Printing, the second change occurs
when the mold is poured into wax which reaches a tem-
perature of approximately 110 °C. This makes PLA expe-
rience a sideways change in shape, where between the
inside mold and the outer mold is narrowing and widen-
ing. This can be seen when experimentations 1, 2 and 3
result vary. Form changes can be reduced by enlarging
the thick dimensions of the mold.
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JlocTiIzKeHHS MOVIAKTHAY SIK MaTepiaay AJisi CBiY4KOBOI0 JIUTTH

B pyiiHiBHUX madao0Hax y ¢opmi opirami
Kycsipi 1!, Ximasan X. M.", Xoipon M. A.?, Ipasan I1. C.”

! JlepxkaBHUI TONITeXHIYHMIA iHCTUTYT M. Mananr , Byn. /Ixanan Cykapuo Xarta, 9, 65141, m. Mananr, [nnonesis;
2 VYuiBepcutet bpasimkaita, Byn. xanana, 65145, M. Mananr, [HnoHe3is

Anotanisi. CrarTs TpPUCBSIYEHA EKCIEPUMEHTAIBHUM JOCHIIDKEHHANW TOJJIAKTHIY, HaJpyKOBAaHOTO 3a
TEXHOJIOTI€I0 TPUBHUMIPHOTO JAPYKY pYHHIBHOTO mabioHy ¢opmi opirami, NPHU3HAYCHOTO Ui aBTOMOOITBHOT
npoMucioBocTi. [lepmmii eTan mocmimKeHb NMPHUCBSUCHUH MOIETIOBAHHIO IA0JIOHA 3 TOJAIBIINM IPOSKTYBAHHAM
dopMH AN CBIYKOBOTO JIATTS i3 3aCTOCYBaHHSM BIAMOBITHOTO TporpaMHOro 3abesmedeHHs. Jlpyruit eram
CTOCYETBCS JIUTTS NPUOIN3HO 56 rox. 1 31 XB. 3 BUTpaTaMH BOJIOKOH MOJIIAKTHAY JOBXKHHOIO 16,38 M Baroro 128 r.
[Ticns BUIMBaHHSA KapHayOCBKOTO BOCKY 3 TeMIepaTypor posimBanHs y mpec-popmu 110 °C, wmatepian
OXOJIOJKYEThCS BIPOIOBXK 11 XB., micis yoro ¢opma Buainserscsa. Ha ocTaHHbOMY Kpolli BifOyBaeThesl IepeBipka.
V pe3ynbTaTi eKCIEPUMEHTY BCTAHOBJICHO, 110 (opMa 3 MONIIAKTHIY 3/1aTHa BiAOMBATH 100pe BUPaKEHHH PHCYHOK
py#HiBHOTO mabnony. [linTBepmkeHe yiTke BIZOUTTS Pi3KUX BIACTYIIB SIK BHYTPIIIHIX, TaK 1 30BHINTHIX. BigcoTkoBa
HeBiAnmoBigHicTh Gopmu y 30HI A ckiagae 0,52 %, B — 0.43 %, C -0 %, D — 10.8 %, E1-4 - 0% 1 E5 — 3.2 %.
[opiBHsTPHAN aHANI3 MIATBEPIUB 3arajbHE BiIXWIEHHS (QOPMH Bill ekcriepuMeHTanbHUX AaHux 0,29 mm. Takum
YHHOM, HPOJEMOHCTPOBAHA ITOCTIJOBHICTh EKCIIEpUMEHTAIBHAX JOCITIIKeHb MONIIakTHIy B 30Hax A, B, C i E.
[IpoTe € HEBIANOBIAHICTh EKCIIEPUMEHTANIBHUX JJaHUX Y 30HI D, 110 BiANOBiNae 3a TOBIIMHY, Y pe3yJbTaTi 3MiHU
(opmu 11a0I0HA Mif BIVIMBOM TEMIIEPATYPH PO3JIMBAHHS BOCKY.

KurouoBi ciioBa: kapHayOchkuil Bick, opMa, NONUIAKTHA, Pi3KUiA BiICTYN, pyHHIBHUI 111a0IO0H.
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