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Abstract: According to results from models of thermoplastic matrix materials design for marine
environments, we have prepared thermocompression prototypes in order to analyze their behavior. The
objectives of this study were to explore the possibilities of using standard elements pooster tubes) in
combination with industrial plastic waste, generating new designs for a new application by combining CAD
and FEM technology, build the prototypes to be tested under strictly controlled conditions using materials
defined by their mechanical performance. We carried out an initial study to characterize the most appropriate
matrix from recycled ABS computers and prepared a preliminary study of the metal reinforcement, cold
formed and arc welded using a high frequencyaenerator . After that we proceeded to calculate the size of the
plates, bearing in mind the type of polymer matrix and the number and diameter of the tubes to be used in
each case. The introduction of these tubes in polymer matrices causes stiffening of the panel and a
decrease in weight in all polymers tested achieving lower densities of seawater. The results obtained in
simulation models reveal that these new designs comply fully with the expectations raised initially by the

collaborating company on whether these designs could bear loads and withstand unfavorable conditions.

1. INTRODUCT ION.

The company sponsoring this research needed to investigate the possibilities of using its
standard products, hollow steel construction tubes, in combination with plastic waste
material produced by industry in the area(Ibi-Castalla industrial estates).

The finite element method was used in this case because of its possible application to
whichever phase of the production process. As this is in reality the conceptual phase of
possible new designs for new products, our objective was to determine which models to
simulate in a predetermined prototype: hollow steel reinforcement tubes [5] and an ABS
matrix, in order that once the manufactured units were tested and the results presented to
the company, the same study could be carried out on the rest of the predesigned materials
and geometries.

2. EXPERIMENTAL

Of the recycled compound materials analyzed [1,2] by the research group and the
company, the study was initiated with materials that were of particular interest: standard
d=63mm hollow steel reinforcement tubes DIN 2440, chosen for the possibility of
continuous supply from the manufacturer, and an ABS matrix chosen because of its low
water-absorption capacity.

As defined by studies on the most appropriate geometry, from the point of view of specific
density, we will use the established dimensions obtained from research laboratory records
to keep research costs as low as possible.

As this is initial research into new alternatives and applications for the products
manufactured by the company, the basis of the mechanical experiments to be carried out
on these prototypes would be two mechanical tests that are easy to reproduce in their
laboratory. This would allow the company to verify the possibilities of this new line of
research withoutincurring all the initial expenses involved.

The types of simulations to be carried out are:
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a) Simple compression with uniform pressure applied to one of the faces with large
section. This type was chosen to verify the behavior of the ABS matrix and the hollow steel
reinforcement tubes (5) under load conditions which are normal on similar panels of other
materials.

b) Uniform pressure on one of the faces with a greater section, with fixed anchors
on three of the lateral faces with smaller section, leaving the rest of the faces free to
observe the behavior of the compound material in normal situations. This simulation was
chosen as it was considered that this type of prototype could form part of more complex
flat structures, such as the interior decks of fish farm auxiliary boats (3,4).

The conditions for the load and working environment for the prototypes were fixed by the
company sponsoring the research. The cases analyzed can be summarized as follows:
ABS thermoplastic matrix perforated and reinforced with 5 tubes of DIN 2440 steel with
outside diameter de d=63 mm. Simulation type: simple compressionwith uniform pressure.
Tests were carried out using two variations with static coefficients of friction (COF): CASE
A: 0,15 (Broaching operation) and CASE B: 0,30 (melted) in such a way that we would be
able to observe the behavior of the prototype when the coefficient of friction between faces
was reduced.

ABS thermoplastic matrix perforated and reinforced with 5 tubes of DIN 2440 steel with an
external diameter of d=63 mm. Simulation type: Three simulated lateral faces as fixed
supports and the opposite face of the matrix with free movement. Two variations were
modeled with different static rubbing: CASE A: 0,15 (broaching) and CASE B: 0,30
(melted) in order to observe their behavior.

ABS thermoplastic matrix perforated without reinforcement tubes. This test is carried out to
analyze the influence of steel tubes (5) being present in the matrix. Two variations were
modeled with different load conditions in order to compare Casel with Case 2. In this
model we analyzed the following scenarios: CASE A: Three lateral faces simulated as
fixed supports and the other face with free movement. CASE B: Test type: simple
compression with uniform pressure.

ABS thermoplastic matrix without perforation and without reinforcement tubes (solid
panel). This test was carried out to analyze the influence of the steel tubes introduced
inside the matrix from the point of view of tension. This test was carried out with three
model variations with different loads in order to compare CASE 1 and CASE 2.

As this is an initial study for a new prototype, with the agreement of the company involved,
it was necessary to determine the stress states (Von Misses) of the maximum
deformations produced under previously defined different conditions. No other calculation
to evaluate the economic viability of the new product has been carried out by the
company. However, there remains the possibility of modifying the load and conditions at
the company’s discretion, once the possible commercial applications have been decided
The dimension characteristics of the pre-selected prototype are as follows:

Table 1. Dimension characteristics of the prototype to be simulated.

AC_5_d63_ABS_GP22_prototype
Wide sheet (mm) 327.6
Length sheet (mm) 500.0
Thickness Sheet (mm) 75.6
Tubes number 5
Diam.x tube thickness (mm) D63x2
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The experimental test and simulation temperature is 23°C, due to the marine exterior
applications. Figur shows how we constructed a simulaion graphic representation (in
IGES format) of this prototype with the design program CATIA V5R19, formed of a matrix
with five standard hgllow steel tubes inserted (the most unfavorable case).
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Figure 1. Representation of the prototype in CATIA V5 R19.

In this initial case, the optimum simple of the compound material is represented: ABS
thermoplastic matrix and standard hollow seel construction tubes (DIN 2440 with
approximate density of 1 g/cm3). In the absence of trustworthy data on recycled ABS, for

our calculations and understanding of the behavior of this material we used the data
provided by the German manufacturer BASF of their product “Terluran GP22” which is

widely used for similar applications to ours (see

Tabl and Tabl).

Table 2. Mechanical characteristics of Terluran GP 22 (source: BASF)

Mechanical Fropartses
TRnsie mocuus IS0 537002 MPa 2300
Yol sross, 80 mmimn IS0 527112 FFa 48
Yokl sinin, S0 mmemin 1i-2 % 28
Hominal sirain af braak, %0 mmimin 2 % 0
Flanra| sirengih MPa 65
Chinfpy npoct sength (23°C) 150 1Tl wim? 1a0
Chinrps irnpact stmength {30900 150 1T el lim® 100
[ ok hed impac] Svangih (23°C) IS0 1800A kdim® 8
Iz Ptz had impact svenath (3070 ) IS0 18LA klim? ]
Chapy notchod gt atrengih [23°C) 1S5 1T ol kdim? 2
Chapy notchad mpedt sirsngih -30°0) IS0 179 1ad kdim® [}
[zl pogchad impact Syengih, medusd & (25°C) ASTHM O 258 il 300
Bail indentaion hardnoss at 258 Nl s 150 20301 MFa i

Table 3. Other interesting characteristics of Terluran GP 22 (source:BASF).

Propartes

Poipmor abbravation ARS
Dansity 153 1183 kg'm? 1040
W' nkar absamdion, anuilboem in watar ot 7300 simlar in 150 A2 % 1
Wit g abecmdion, aqulibnum Z050% rh gimalar o 150 82 b LR
Fraceesing

Procassing: Ingction moukdng (M), Exrusion (E), Blow mauking )

Mok viuma-fow rate WVR 220 “CH0 kg 150 1133 ma i 19
Prednyng. Tempsmabrs 2 1 L h]
Pradnang. Tims i} FET |
Mek teeparaturs, mechon mouiding . C 220 . 260
Mould tempeiature, injeceon moulding £ ns 3. 80
Mouking shinkage es kngmsinal - L 8d.07
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Figure 2.Stress -deformation curve of Terluran GP-22 (source: BASF) a 23°C.

In hollow tubes materials, steel was chosen and it was necessary to define a new material
GP22 to define the ABS from the BASF brand used (Terluran GP 22). We have introduced
manually the mechanical characteristics of Tables 2 and 3. Similarly, we introduced the
strain-stress curve points of the pre-selected ABS at an environmental temperature of
23°C, obtained from Figure 2. The aim of that is to analyze with the ANSYS program the
plastic behavior of the Terluran GP 22 material.

Figur3 and 4 shows the exported model (CAD) and the simulation model (CAE).

Figure 3. Geometry of the model. Figure 4. Example of simulated model.

3. RESULTSAND DISCUSION.
We can compare the results obtained in the simulation series by fem program (Ansys™).
Table 3. Summary results of all simulated cases

CASE 1 1 3 4 2 2 3 4
subcase A B B B A B A A
pressi i 3 fix 3fix 3 fix 3 fix
0,15 0,30 0,15 0,30
Von Misses eq. 1,89 0,855 4,769 Mpa | 0,023 Mpa 10,202 Mpa | 4,676 Mpa | 18,89 Mpa | 0,119 Mpa
Stress, max Mpa Mpa
Von Misses eq. 269,3 978,47 Pa 415,79 Pa 6194,3 Pa 3,1937e-9 11,119 Pa 5,6179e-9 989,08 Pa
Stress, min Pa Pa Pa
Max. 0,003mm | 0,001 mm 0,018mm 0,0006 mm 0,06 mm 0,034 mm 0,6 mm 0,009 mm
Displacement
shape
Node numbers | 113.958 24.404 115.728 13.478 113.958 24.404 115.728 13.478
Elements 44.161 13.519 58.591 6.607 44.161 13.519 58.591 6.607
number
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In comparison with its yield strength, we see that this combination of materials more than
fulfills the expectations of the patron company.

This series of models will allow us to later apply the rest of the applicable materials to the
matrix along with the rest of the geometric alternatives, allowing us in a later phase to
compare these simulated models with the experimental tests for each type of prototype
constructed.

In Table 4, we can see the use of the tool included in ANSYS called “Contact Tool”, which
allows us to analyze the type of contact existing between the outer face of each of the
reinforcement tubes and interior housing of each of them in the ABS matrix. We obtained
data before and after simulating the model in cases 1 and 2. In both cases, there are no
situations of abnormal inactive.

Table 4. Contact information

Vi vy pa e e g o
Vi o ks o b 2 Lo s o a0 i i s e e o sl e

wrmean e T o v e F arad Harmd L g b e, § e w10 1 s e v ren

Figure 5. Example of the “contacttool”. Simple compression.

Once the plastic has been poured into the mold, the mold is closed and introduced into the
hot plate machine (Figure 6) which is set at a determined temperature depending on the
fusion temperature of the plastic to be used in the prototype matrix. When the mold is
introduced into the machine, a certain pressure is applied so that the plastic takes the
shape of the mold. After a determined period of time, the mold is extracted from the hot
plate machine and allowed to cool, so that the plastic may then be extracted from the mold
and the supports removed, thus obtaining the final p rototype.

Figure 6.Hot plate press used.




ANNALS of the ORADEA UNIVERSITY.
Fascicle of Management and Technological Engineering, Volume IX (XIX), 2010, NR1

To produce the various prototypes, figure 7, different types of polymer were used:
computer ABS and PP1B and PVC, and the results can be seen in the following figures.

L

Figure 7. Prototypes manufactured with COMPUTER ABS, PP1B and PVC respectively

6. CONCLUSIONS.

The tests carried out on the different recycled polymer materials show that the
COMPUTER ABS is the material with the lowest resistance and lengthening of the
materials and coming from carcasses d electrical elements, it contains fire-resistant
material. However, as it is the material with the lowest commercial possibilities, using this
material could be economically interesting. On the other hand, the materials that showed
the best results were ALARM ABS and PP1B.

Calculations on the density show that depending on the density of the matrix, the diameter
of the tubes used is different, but 5 tubes are always used with whichever material so that
density stays at a minimum.

In the laboratory, the prototypes were constructed correctly and their reproduction is not at
all complex.
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