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Abstract: Rapid silicon moulding (RSM) is commercially used to manufacture intricate shape components and 
tooling, with high accuracy. In the present work, fundamental principles of RSM, the process parameters involved 
and their affect on dimensional accuracy, mechanical properties, and workpiece surface finish of plastic components 
are reviewed, for application in manufacturing industry.
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figure 1: Model of toy 
train [1]

figure 2: Marking of the 
parting surface on toy 
train [1]

figure 3: casting frame 
after attaching runners 
and risers [1]

figure 4: pouring of 
silicon in casting box [1]

figure 5: cutting of cured 
silicon mould (Singh, 
2010a)

figure 6: final casting 
with flash (Singh, 2010a)

intRoduction1. 

RSM is one of the rapid prototyping (RP) techniques, 
widely being used in industry to produce plastic 
functional parts [1]. It is one of the simplest and 
oldest rapid tooling (RT) techniques, where a RP 
positive pattern is suspended in a tub of liquid 
silicon or rubber [2]. Rubber mould (partially due 
to its inherent low stiffness characteristics) allows 
the production of limited number of functional 
parts with expectable quality [3]. Depending on 
the geometry and dimensions of the part, the 
resulting rubber mould can be used to cast up to 20 
polyurethane replicas of the original RP part [4]. 
Now days in mould fabrication process, vacuum 
based RSM is extensively used [5]. This combination 
of vacuum casting, with silicon rubber mould, is one 
of the recent trends in RT [6]. In batch production of 
small parts, RSM has noteworthy advantages over 
existing RT techniques [1]. RSM can be reproduced 
directly from the master pattern with all geometrical 
details (specifically for production of small parts) [7]. 
Further silicon rubber can be used for wide range of 
resins, including wax, plastic and metals because it 
possesses high chemical resistance. In other words 
RSM can be gainfully used in the batch production 
of components/ prototypes. The process steps of RSM 
can be summarized as [8]:

Some of the benefits of RSM process are [1]:

 (a) High degree of accuracy is maintained in 
the copy, including surface finish.
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 (b) Parts without draft, or with undercuts, can 
be reproduced.

 (c) Fast turn-around of castings (up to several 
parts per shift, after the mould is complete).

 (d) Different materials can be used for each 
casting, making it possible to test design 
with a variety of material properties.

The mould material for RSM includes liquid 
silicon rubber, urethane/polyurethane (PU), ABS 
equivalent PU, nylon equivalent PU, elastomer 
equivalent PU and transparent equivalent PU [8].

tooling foR RSM pRoceSS: caSe 2. 
Study

Identification of benchmark: Usually benchmark/
component is preferred with high commercial utility, 
low shelf life, and frequent design change (hence 
suitable for batch production). Furthermore, size of 
the component is other limiting factor (because the 
material costs involved in it). [2] presented a case 
study of benchmark as outer cover of the pen drive/ 
memory stick.

figure 7: dimensions of the benchmark [1]

Figure 7 shows the dimensions of the benchmark.

CAD model creation: After the selection of the 
benchmark, the component to be built is modeled 
using CAD software like: CATIA, UNIGRAPHICS, 
Solid Edge etc. Figure 8a and 8b shows the CAD 
model of the component. The CAD models are 
converted in to STL (standard triangulation 
language) format also known as stereo lithography 

format. To establish consistency, the STL format 
has been adopted as the standard of the RP industry 
[9-12]. The CATIA software was used for conversion 
in to STL format [1]. This format specifies the 
triangles by listing the coordinates of their vertices 
and the direction cosines of their unit outer normal. 
This is the de facto industry standard for RP; the 
name is derived from Stereo Lithography (the first 
RP technique).

Generation of master pattern: Polyjet RP 
machine is usually used to generate master pattern 
for RSM process [1]. It starts with preparation of the 
CAD three-dimensional model for manufacturing 
[10]. CAD model (in the STL format) is imported 
into Object studio™ software package [9]. In the 
software’s graphic environment care is taken of 
optimal placing of the model on the working tray 
followed by automatic determination of supports and 
layering of the model in vertical direction (Z-axis). 
Each individual layer represents a cross-section of the 
model under manufacturing with added supporting 
material. The printing head jets onto the metallic 
base which, after jetting of each layer moves down 
for the thickness of one layer. Each layer applied 
polymerizes on its application under the influence 
of the UV light coming from two UV light bulbs 
fixed on both ends of the printing head. Figure 9 
and 10 shows schematic and three dimensional view 
of polyjet RP machine [12].

The master pattern was generated in horizontal 
orientation (Ref. Figure 11). The material selected 
for making the master pattern was Vero Blue 
FullCure840. The final part produced was with some 
support material, which was removed by a water 
jet in the finishing operation. Figure 12 shows the 
master pattern created by the objet Eden 260 polyjet 
machine [1]. Manufacturing the SM: The master 
pattern generated in polyjet printing was cleaned 
properly because the surface finish of master pattern 
exactly appears in the SM (So it was essential for the 
pattern to be free from dirt or any support material 
present from the previous operation).

After cleaning, the pieces were attached to each 
other with a simple plastic strip. This plastic strip 
acted as the feeder to the cavity in the SM. Figure 
13 shows attached plastic strip. A rod was further 
attached to the plastic strip. This rod serves two 
purposes; firstly with this rod the pieces were hanged
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figure 8a: cad model of 
the male piece [1]

figure 8b: cad model of 
the female piece [1]

figure 9 Schematic of 
polyjet Rp machine [12]

figure 10 objet eden 260 
polyjet machine [12]

figure 11: orientation for 
manufacturing the master 
pattern [1, 12]

figure 12: Master pattern 
[1]

freely in the mould box and liquid silicon was poured 
to cover them up from all directions. Secondly, it will 
act as a runner in final vacuum casting (Ref. Figure 
14). A colored tape was pasted on the edges of the 
pieces so as to act as the parting line. After silicon 
cures, the mould is cut open referring this colored 
tape. Four pins were attached on the corners of the 
piece. These holes will act as risers in final casting 
process. With the help of the attached rod the pieces 
were hung in the box. The rod was clamped firmly 
with box; as a result the pieces were hanging freely 
in the box as shown in Figure 15. The edges of the 
wooden box were sealed with the duct tape to prevent 
any leakage of the liquid silicon. The liquid silicon 
comes in two parts; a softener and a hardener. Both 
parts were mixed in specific quantity (as stated on 
the specification sheet of silicon). The mixture was 
poured in the sealed box and was left for curing. 
Alchemix RTV 250 silicon rubber was used for 
making the mould [1]. Figure 16 shows the pouring 
of the liquid silicon. After silicon cured, the box was 
opened and SM was removed from it. The mould was 
ready for cutting. Figure 17 shows the cutting of 
the cured SM. The mould was cut with the surgical 

blade from the parting surface, which was stated by 
the coloured tape initially on the pattern. Figure 18 
shows the final SM ready for casting. Now the mould 
is ready for the vacuum casting operation.

figure 13: plastic strip 
attached with pattern [1]

figure 14: plastic rod a 
with plastic strip [1]

figure 15: wooden 
moulding box [1]

figure 16: pouring of the 
liquid silicon [1]

figure 17: cutting of the 
cured silicon mould [1]

figure 18: Silicon mould 
ready for casting [1]

Vacuum casting machine: The mould was 
assembled again and was placed in the vacuum 
chamber of the MTT 5/04 vacuum casting machine 
[1]. The casting capacity of the machine was 5.5 
liters; it needed three phases power supply. The 
ultimate vacuum that machine could create was 
0.5mbar and the pump capacity was 65 m3/h. The 
twin robot system is present in the machine, which 
enhances its casting capacity. Figure 19 shows 
pictorial view MTT 5/04 vacuum casting machine 
used in this case study [1]. The machine is having 
two portions: in the lower one mould is placed, the 
upper one consists of two compartments marked 
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A and B. Any resin that is to be cast comes in two 
halves A and B.

They are poured in the marked crucibles 
and machine is programmed according to the 
specification data sheet of the used resin. The resins 
are degassed for some specific time that to mentioned 
on the material data sheet, mixed with each other 
and then the mixture is poured in the mould. The 
mould is then left untouched so that resin can cure 
itself in the mould [13]. After specific curing time the 
mould is opened and the piece is obtained. After that 
finishing operations are done to remove the runners, 
risers and other unwanted things, which are with 
the piece. Figure 19 shows automatic mixing robot 
of vacuum casting machine.

figure 19: automatic mixing robot of vacuum casting 
machine [1]

MateRial pRopeRtieS3. 

Two types of polyurethane’s namely ACHEMIX 
VC 3340 and ALCHEMIX VC 3360 were used in 
the experimental study [1]. VC 3340 is vacuum 
casting polyurethane, which is designed to be used 
in gravity vacuum casting machines. The cured 
material has excellent mechanical properties that 
simulate thermoplastics such as polycarbonate, 
shock resistant PMMA and ABS. The main features 
include low viscosity, extremely rigid, UV stable, 
high thermal resistance and rapid remolding. 
The mixing ratio by weight of VC 3340 A and VC 
3340B is 100:130.Table 1 and 2 shows physical and 
mechanical properties of Alchemix VC 3340 before 
and after curing.

table 1 
properties of alchemix vc 3340 [1]

VC 3340A VC 3340B Mixture

Material Clear polyol Isocyanate 

Appearance Clear liquid Clear liquid Clear liquid

Density @ 25°C 1.03 g/ml 1.07 g/ml 1.06 g/ml

Viscosity @ 25°C 800-900 
mPa.s

20-30 mPa.s 100-120 
mPa.s

Pot life @ 22°C 7 minutes

Demould time 65°C 30-45 
minutes

Max. Casting 
thickness

15 mm

VC 3360 is vacuum casting polyurethane that 
is designed to be used in gravity vacuum casting 
machines. The cured material has excellent 
mechanical properties that simulate thermoplastics 
such as nylon and glass filled nylon. The material 
also has a high degree of heat resistance and remold 
times can be as quick as 20 minutes. It is having high 
modulus system, high heat resistance.

table 2 
cured Mechanical properties of 

alchemix vc 3340 [1]

Property Cured 45 mins @ 70oC

Shore hardness (D) 80-85

Linear Shrinkage (500 x 20 x 5 mm) 0.26%

Tensile Strength ISO 527-2:1993 52-56 MPa

Elongation @ break ISO 527-2:1993 20-34%

Flexural Strength ISO 178:1993 85-90 MPa

Flexural Modulus ISO 178:1993 2250-2300 MPa

Refractive Index 1.47

table 3 
properties of alchemix vc 3360 [1]

VC 3360A VC 3360B Mixture

Material Polyol Isocyanate

Appearance Opaque 
liquid

Clear liquid Opaque 
liquid

Density @ 25°C 1.03 g/ml 1.15 g/ml 1.08 g/ml

Viscosity @ 45°C 350-600 
mPa.s

80-90 mPa.s 180-200 
mPa.s

Pot life (110 g) @ 
40°C

3 minutes

Demould time @ 
65°C

20-40 
minutes

Maximum casting 
thickness

15 mm
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table 4 
cured Mechanical properties of alchemix vc 3360 [1]

Property Cured 45 mins

Shore hardness (D) 80-85

Linear Shrinkage (500 x 20 x 5 mm) 0.29%

Tensile Strength ISO 527-2:1993 80-85 MPa

Elongation @ break ISO 527-2:1993 10-11%

Flexural Strength ISO 178:1993 120-125 MPa

Flexural Modulus ISO 178:1993 2900-3100 MPa

The main features of Alchemix 3360 include 
its rigidity, rapid and easy remold, easily pigment 
able, excellent thermal resistance. The mixing ratio 
by weight of VC 3360 A and VC 3360B is 100:120.
Table 3 shows details about the properties of 
Alchemix VC 3360. Table 4 shows cured properties 
of Alchemix VC 3360, which include shore hardness, 
linear shrinkage, etc. The study highlights that 
ALCHEMIX VC3360 is better material from 
ALCHEMIX VC33640 and the vacuum conditions 
are having the edge over the non-vacuum conditions 
as regards to mechanical properties are concerned 
[1]. It has been observed that surface roughness of 
SM based plastic components is around 0.64mm (Ra) 
and shore hardness (D) is around 80; confirming 
acceptable part quality for industrial applications 
[2].

diScuSSion4. 

It outlined that key parameters of high quality 
vacuum casting and explained them as pot life of 
the cast resin compound at processing temperature, 
preheating temperature of the casting, filler quantity 
and the filler grain size, curing temperatures and 
the curing times. The study concluded that based 
on the numerous parameters stated the complexity 
involved in manufacturing a quality product in the 
range of electrically and mechanically highly stressed 
component becomes clear and by means of computer 
simulations the effects of changing parameters can 
be forecasted [13]. Concept of RP for the manufacture 
of end-use products rather than prototypes [14-16] 
presented capability study of the vacuum investment 
casting for RP and micro manufacturing and further 
investigated the capability of this technology for 
production of investment casting shells directly 
from the CAD data. The study also proposed that 
vacuum investment casting is successfully used to 
produce the metal parts from different alloys using 

RP patterns. Statistical analysis on accuracy of wax 
patterns used in investment casting process [17]. 
Wax patterns were produced using both the hard 
(polyurethane mould) and soft (room temperature 
vulcanizing (RTV) mould) tools. From the current 
study it was noticed that the polyurethane mould 
produce accurate patterns than the SM. Based on the 
study on optimization of the injection parameters, 
it was found that using a lower pressure with 
higher temperature for the polyurethane mould 
would produce an accurate pattern provided that 
appropriate care is taken while choosing the holding 
time. Comparative study regarding vacuum casting 
with room temperature vulcanizing rubber and 
aluminium moulds for RM of quality parts [4]. The 
purpose of this study was to compare costs and 
dimensional control parameters between same 
geometry parts obtained by same prototyping 
techniques using different material moulds. Vacuum 
casting was used to obtain prototypes of a three-
blade helix of a motorboat propeller. Aluminium 
and RTV rubber moulds were manufactured and 
tested within the study. Manufacturing costs and 
dimensional control parameters were used within 
the comparison study. Novel polymer micro array 
fabrication technique and applied to the realization 
of a biochip for highly parallelized cell transfect 
ion [5, 18]. The study outlined RM and RT, dealing 
only with direct fabrication methods of components. 
Predictability of plastic parts behaviour made from 
RM. The study focused on testing of several samples 
made with different selective laser sintering (SLS) 
parameters and technologies [19]. The experiments 
and the analysis of variance (ANOVA) analyzed the 
effects of several factors on mechanical properties. 
The conclusions were very useful for developing 
new standard rules (ISO, AISI, and DIN) for RM 
materials and parts testing. The case studies showed 
that the RM allows complex geometries to be created. 
The purpose was to study the effective parameters 
of dimensional accuracy in RTV tooling technique. 
After producing a pattern by stereo lithography 
and then creating the RTV silicon rubber mould 
by the SLA pattern, dimensional accuracy of wax 
models produced by RTV tool was analyzed. Design 
of experiments (DOE) using the Taguchi approach 
was used for analysis and determination of optimum 
condition. Experiments showed that the dimensional 
accuracy in RTV technique was as accurate as in 
traditional moulding. Hence, RTV tooling technique 
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can be used in investment casting. It has benefits 
such as reduction in production lead-time and cost, 
compared with traditional metallic mould. The 
literature review reveals that many researchers 
have worked on many additive fabrication processes 
like: three dimensional printing, selective laser 
sintering, etc. However, very less work has been 
reported on parametric optimization of RSM process 
and furthers its comparison with other available 
RM/RT techniques.

RSM once made can be used again and again 
for casting, in some cases even up to 100 pieces can 
be made before the mould gets damaged, so the 
process is having tremendous capability to be used 
as a RM process [1]. The process of RSM is a highly 
capable process. The range of sigma value comes 
in range of 3.6 to 4.5, which means that the area 
under normal curve is 0.99% [1]. Furthermore, the 
non-conforming parts per million ranges between 
26.7082 and 318.2614. The tolerance grades of the 
pieces produced are consistent with the permissible 
range of tolerance grades (IT grades) as per standard 
[20]. These results show that RSM process is 
very promising and the volume of research work 
reported on it is relatively less, so there is a need to 
investigate the process as a case study for specific 
industrial components.

concluSionS5. 

The process of RSM is highly cost effective when 
used for batch production. The previous studies 
revealed that it is possible to manufacture parts 
with gravity casting. Although the parts made with 
gravity casting gives fair dimensional accuracy but 
they lacked in the Shore hardness. So it is concluded 
that the parts produced by vacuum casting are better 
in dimensional accuracy as well as Shore hardness 
from parts produced by gravity casting. Further 
studies may be focused on analysis of microstructure 
and grain size of the vacuum cast plastic components, 
comparison of gravity casting, vacuum casting and 
investment castings. Also bigger size of component 
is the limitation of RSM; studies can be focused on 
removing this constraint.
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