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Resume

The article deals with vacuum casting technology and especially with the
assessment of the influence of the tempering temperature of silicone molds
on the dimensions of future castings. The aim was to evaluate the actual
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size of the castings, using different tempering temperatures of the molds and

different casting materials. After examining the resulting dimensions of the
individual castings, a procedure was established by which these effects could
be minimized. In the end, a test of the proposed procedure is performed,

which confirmed its correctness.
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1 Introduction

The high demand for the new products at the
market forces manufacturers to constantly improve
and accelerate their production process. Everyone tries
to shorten the time from product development to its
launch, as much as possible. Rapid response to changes
in demand is one of the most important factors of
competitiveness. With this in mind, companies try to
involve as many modern technologies as possible in
the process prototypes development, including use of
simulations and analyses [1-3].

They compete who will develop the best and
cheapest product in the shortest time possible. One of
the technologies that can significantly reduce the time
required for the product development and production
is the Rapid Prototyping technology. Its development
dates back to 1986 and its practical use was the most
widespread after 1996 in the automotive industry and
now in development of electric cars, as well, [4-6].

This method utilises the latest knowledge about
materials and laser technologies and is able to produce
even very complex models in a short period of time.
The basis is a process, in which the model is created
by gradually adding materials to a computer-controlled
machine.

The Vacuum Casting technology is one of the
frequently used technologies in component development.
The essence of the technology lies in the casting of various
types of material (rubber, plastic, wax) in a vacuum into
the most common silicone moulds. This technology is
the most efficient in small verification batches of 10-20
pieces, being far more advantageous either in terms of
the time required for production or financially compared
to conventional methods of production [7].

2 Vacuum casting

The method of vacuum casting into silicone moulds
is used for production of functional plastic prototypes or
wax meltable models. Models used on the 3D printers
or 3D production systems are mainly used as master
models.

The main advantages of vacuum casting into
a silicone mould include the ability to cast very complex
models, thin-walled models, models with a negative
bevel, high-precision copying of the master model
surface, as well as the low cost of the prototype,
compared to the plastic injection. Vacuum casting is one
of the Rapid Prototyping technologies, which allows to
quickly obtain a functional prototype and thus speed up
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Figure 1 Vacuum chamber MK Technology System 1
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Figure 2 Master model - Glass cylinder

the new product development process. Vacuum casting
can also be used to produce the wax models for melt
casting [8].

The production of the mould and consequently the
components themselves is very fast. For simple shaped
parts it is possible to have the first copy made after
5-6 hours, which is much faster than with production
in a conventional way (aluminium moulds, injection
moulding machine). Vacuum chamber that was used to
make the molds and castings is shown in Figure 1.

Materials intended for vacuum casting are the
most often two-component polyurethanes with different
properties, which allows to achieve properties similar
to rubber, polypropylene, ABS plastic, or polycarbonate.
If one uses the plastics with good sliding properties, it
is also possible to produce complicated components of
small dimensions, such as gears [7, 9].

The casting production process can be divided into
two main groups:

Production of mould, which includes the following
operations:

* preparation of the master model,

* preparation for mould production,

*  mould production,

* demoulding of the master model,

* preparation of the mould for the casting process.

Casting production:

* preparation of material for casting,
* vacuuming and casting,
*  tempering,

* removing the casting from the mould,
¢ finalisation of the casting.

3 Verification of the thermal expansion effect
of silicone moulds

From the practical experience with the VC
technology, it was observed that there is a certain
dimensional instability, especially with larger castings,
such as bearing cages or gear prototypes [10-11]. This is
due to the thermal expansion of the silicone during the
tempering in the furnace (oven/kiln).

SP ICON A40 Protoform silicone was used to make
the mold. Its main features are:
¢ high chemical resistance to plasticizers and

aggressive components of some resins,

* high tensile strength, tear resistance, abrasion
resistance: guarantees long mold life,

* high accuracy in reproducing small details,

* high dimensional and shape stability,

*  high temperature resistance,

¢ excellent self-separating effect.

The expansion confirmed by the manufacturer at 70
°C is 0.7 %.

To verify the thermal expansion, a glass cylinder
with a diameter of 13mm and a length of 300.05 mm
was used as the master model. Master model is shown
in Figure 2.

Then, a silicone mould was produced, into which
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Figure 3 Dependence of thermal expansion on tempering temperature 1
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Figure 4 Dependence of thermal expansion on tempering temperature 2

several types of casting materials were then cast at
different temperatures. As the number of castings
increases, the silicone mold degrades, resulting in
deterioration of the surface quality and roughness
of the casting. Therefore, it is necessary to
produce a new mold after about ten castings. This
degradation depends on the following factors: shape
and surface quality of the master model, type of
casting material used, type of silicone catalyst used,
frequency of use of the mold, tempering temperature,
[12-13].
e The first casting of each material was cast in
a mould tempered to 20 °C.
* A second casting of each material was cast into
a mould tempered at 35 °C.
* A third casting of each material was cast in a mould
tempered to 70 °C.

4 Material 1 - Sika F190

The advantage of this material is low viscosity,
ease of use, it is especially suitable for larger castings.
The final colour of the casting is beige. Dependence
of thermal expansion on tempering temperature for
material F190 is shown in Figure 3 [14].

5 Material 2 - Smith - polymers PRC1710

It is a transparent UV stable material which is
mainly used in the automotive industry. Its advantages
are the high mechanical properties, UV resistance, high
transparency. Dependence of thermal expansion on
tempering temperature for material PRC1710 is shown
in Figure 4 [15].
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Figure 5 Dependence of thermal expansion on tempering temperature 3

Table 1 Summary of Moulds thermal expansion results

Material F190 PRC1710 PR2000
Master model [mm] 300.05 300.05 300.05
Casting 1 [mm] 300.28 301.01 301.33
Casting 2 [mm] 300.8 301.99 302.88
Casting 3 [mm] 301.44 302.64 303.87

Figure 6 Silicone mould with casting from the PRC1710 material

6 Material 3 - Smith - polymers PR2000

The advantage of this material is low viscosity, short
demoulding time, high toughness. The resulting colour
is white. It is not UV stable. Dependence of thermal
expansion on tempering temperature for material
PR2000 is shown in Figure 5 [15].

Summary of Moulds thermal expansion results is
shown in Table 1.

To verify the correctness of the previous findings,
the PR2000 material and the tempering temperature
of 70 °C were chosen, where the length increase was
the largest. The original master model had a size
of 300.05mm, the casting had a size of 303.87mm,
which is an increase of 1.27%. Thus, if one wants
the resulting casting to have a size of 300.00 mm, one
should adjust the master model to 296.19mm. After

modifying the master model to the size of 296.19 mm,
a new silicone mould was produced. Subsequently,
the mould warmed up to 70 °C and the mould cavity
was filled with PR2000. After the time specified by
the manufacturer for tempering the material, the
casting was removed and we checked its size. It was
300.03mm, which confirmed the correctness of the
master model modification to minimize the effect of
thermal expansion of the silicone mould. Silicone
mould and casting from the PRC1710 material is shown
in Figure 6.

7 Conclusion

The result shows that the thermal expansion of
silicone moulds is affected not only by the tempering
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itself, but by the type of casting material used, as
well. Due to the fact that the used material was
two-component polyurethane resins, when mixed it
caused a chemical reaction, which generates additional
heat and thus further impacts the extensibility of the
mould.

Therefore, when designing the master model, it is
necessary to take into account the material from which

will the casting be produced and adjust the dimensions
accordingly, if possible. (3D printing, milling ...).
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