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Abstract

work. The goal of Slovenian mould makers must
be (and it is) to be development partner to the high
demanding industry branches. To achieve such
possibilities, several factors need to be
considered:

The mould production is becoming more and
more complex, and what is even more stressful is
the fact, that the delivery times are becoming
shorter and shorter. Only with full integration of
CA-x technologies, rapid prototyping and rapid
tooling technologies (RP & RTT), the goal is
reachable. The use of CAE tools in the rapid
product development is a standard procedure for
faster and more reliable mould development and
production. The paper will present integration of
3D digitalization and reverse engineering into the
product development. The digitalized data serves
as an opportunity to use them in different fields,
like fast milling, moulding simulations, comparison
of CAD model and prototype, etc. The reverse
engineering procedure allows the product designer
to make essential changes to the prototype on one
hand, and to acquire the final geometry of manual
changes on the prototype on the other hand. The
results of the research show, that the results, if
they are treated well, are an excellent method for
time reduction in the product development cycle,
what is nowadays the most important factor.

technical and technological excellence

–

organizational excellence

–

financial excellence, and the last, but certainly
not the least

–

short delivery time excellence.

The aim of the paper is to present the
integration of 3D digitising, Reverse engineering
and Simulation technologies into the rapid product
and mould development with the focus to shorten
the delivery times for moulds and parts.
Fig. 1 presents the R&D chain with the
integration of different R&D tools and some Rapid
Prototyping and Rapid Tooling Technologies (RP
& RTT). With the TECOS industrial references on
the field of RP&RTT, it is possible to shorten the
production time from conventional time (aprox. 5
weeks) down to 8 days to get the first injection
moulded parts. This improvement is made on the
field of using the RP&RTT [1].
The design of the products and moulds is in
many cases the time, where a lot of time is spent
for the purpose of preventing the possible
mistakes in the later production of the products.
With the help of integrated approach of 3D
digitalization, Reverse engineering and injection
moulding simulation, it is possible to shorten the
design time [2], [3].

1. Introduction
Globalization in all branches of industry is very
important also in tool and mould making. Small
and individual mould making companies can only
be suppliers for individual orders, which does not
bring high added value, but only a kind of loan

Fig. 2.

–

Time comparison between rapid product development and the real one
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1.1 3D Digitising
The 3D digitising is the process, where the real
product (model, part, etc.) is digitised with the 3D
digitiser. To digitise the real product, there are
several different digitising technologies available,
like:
–

contact and

–

non contact.

2. Case Study – Snow Shovel
In presented example a snow shovel is being
produced using injection moulding process. The
goal is to reduce costs of shovel production and to
produce an environmentally friendly product.

Furthermore, the contact digitising can be
divided into the:
–

destructive and

–

non destructive ones.

The non destructive digitisers can be divided
on the:
–

laser,

–

optical and

–

RTG digitisers.

Fig. 2.

Original product (snow shovel)

There are also several hybrid digitisers
available on the market, which are integrating
different technologies in one machine.

Fig. 2 shows the original product. Since it is
well established on the market, the decision was
made that the new, eco-friendly product should
have the same shape.

The result of the 3D digitising process is a 3D
computer model, described as a mesh of points,
where each point is represented by its coordinates
{x, y, z}. Depending on the solution of the
digitisers, several digitisers allow to generate an
STL mesh, based on the scanned data - points.
Such STL model can be used for different
purposes:

At this point one has to ask him/herself one
question – how to make a product eco-friendly? In
general, there are two possibilities:

–

direct input for the RP&RTT

–

direct input for the injection moulding
simulation

–

etc.

STL model is not an appropriate model for the
design of the mould, since it allows little
modifications on the model (depending on CAD
software) and it is not a feature based model. To
design a feature based model from STL model or
from mesh of points (point cloud), reverse
engineering approach is needed.

1.2 Reverse Engineering
Reverse engineering is a process, where the
digitised data is manipulated in a way, that the
outcome of the process is a model, where product
topology is based on geometrical features. For
reverse engineering several different software
(SW) packages are available.
In the remaining part of the paper, the
industrial application will be presented, where the
shortening of the design time is clearly
demonstrated.

–

use of environmentally friendly, recyclable
material or

–

use of regenerate (recycled) material.

The two possibilities are somewhat similar
since second one is only a special case of first
one. In presented case we went a step further. A
coinjection moulding process was introduced in
order to additionally reduce costs. The product
should be made out of two phases, inner and outer
component, both made out of recycled material
(regenerate). Special care should be taken in case
of outer component because of its aesthetic value.
Inner component can be made of low budget
material (all kinds of recyclable plastic material).
In order to speed up the process
CAD/CAM/CAE technology was introduced into
process. But with that, a problem arose - there was
no computer data of the product available. In order
to perform computer aided operations a CAD
surface or feature based model is essential.

2.1 Obtaining a CAD Model
In our case the product should be based on an
existing product, which is already accepted by the
market. Taking this into account a perfect surface
reconstruction with small tolerances should be
made. It is therefor obvious that good and dense

input data is needed to properly create a CAD
model of our product.
In presented case, a CAD model is obtained
by reverse engineering, based on data, obtained
by 3D digitising. The latter proves to be essential
because of desired tolerances. Other possibilities
include manual measuring techniques which are
time-consuming and not precise enough.
Workflow is shown schematically on fig. 3.

As indicated in Table 1, the object needs some
preparation prior to digitising. Because of principle
of work of ATOS, reference points for transforming
separate measurements into global coordinate
system have to be applied on digitised object
(these can be seen on fig. 2 as white circles on
black square background). Additionally a thin layer
of white TiO2 powder is applied by spraying. This is
due to white, non-reflecting surface being the most
appropriate for digitising on ATOS. Resulting
poligonized (STL) model can be seen on fig. 5.

Fig. 5.
Fig. 3.

In order to obtain a CAD model the reverse
engineering process was applied

Digitising was done on ATOS II 400 system
from German manufacturer GOM. The system,
shown on fig. 4, is an optical digitiser which
qualifies among the best available on the market.
Data about digitising is collected in Table 1.

STL model of digitised original product

Based on digitised data the reverse
engineering process can begin. The main problem
of reverse engineering is capturing designer's
intent [4]. In our case this means the following:
–

simmetry and

–

approximation of basic geometrical forms
where needed.

Of course in reality things are not simmetrical.
But with CAD models simmetry can and must be
defined with mathematical accuracy. Only that way
one can produce real parts with good
approximation of simmetry. Since the shovel is
simmetrical, this has to be taken into account.
Therefor only half of the product will be reverse
engineered and it will be reflected to simmetry
plane at the end in order to build model of the
whole part.

Fig. 4.

Table 1.

Optical digitizer ATOS II 400, used to digitise
original product
Data concerning digitising of original product
3

Measuring area 550 x 440 x 440 mm
Object
thin layer (< 10 µm) of TiO2 powder,
preparation
applied on object's surface
Digitising time ~ 1 h
Accuracy
< 50 µm (on this measuring area)
Output data

high quality poligonized (STL) model

Why do we need approximation of basic
geometrical forms? This can be explained if we
take a look at the functionality of the final product.
The edge at the front of the shovel has to be
straight in order to shovel snow perfectly on flat
ground. From fig. 6 it can be seen that this is not
the case. This is a normal material behaviour
because of product cooling after moulding and can
not be eliminated completely. But if we create a
CAD model exactly after the digitised data, without
bearing in mind that this edge should be straight,
we would eventually get even higher bending in
the new, reverse engineered product.

Fig. 6. Arrow indicates bending of the product due to
forces acting during cooling after moulding

Taking all these in account, a surface model
was created using sections in perpendicular
directions (fig. 7) for base surfaces. Additional
features on object's boundaries and in the middle
were created with some additional sections.

Fig. 8.

Final CAD model

Several materials were tested for outer
component with particular emphasis on filling
characteristics. For outer component PP+EPDM
Hifax EXP 5492/26 Ultra HSBM material from
producer Basell Polyolefins was selected. Results
of numerical simulations (filling) are shown on fig.
9. For inner component material was chosen
based on its viscosity and filler content. PP Higlass
PF-062-5 from the same producer was selected
because it had the largest filler content at a
reasonably low viscosity.

Fig. 7. Sections, used for creating a surface model; a)
sections in x-axis direction, b) sections in y-axis direction

Final CAD surface model is shown on fig. 8.

2.2 Numerical Simulations
As mentioned earlier a coinjection moulding
process was chosen for production of new product.
While inner component can be virtually anything
that is recyclable, the outer one has to be of better,
more stable quality since it will be visual and .
Which components should be chosen for inner and
outer part was decided with help of injection
moulding simulations.

Fig. 9. Filling results for outer component for a) the
best material and b) the worst performing material

Maybe even more important would be
determination of switchover point between inner

and outer components. Unfortunately this was not
realized yet because of problems with licencing of
simulation software. Hopefully this problems will be
solved by the time the product goes into
production. Otherwise switchover point will have to
be determined by lengthy and expensive testing on
real moulds.

2.3 Time Savings
Only an estimation on how much time was
saved by use of digitising and reverse engineering
can be done. CAD model was a necessity in
presented case. A sample product, proven and
accepted by the market was available. If the
project would start from scratch, there would be a
need for industrial design and possibly market
analysis with introduction of risk of market not
accepting new product. By avoiding these lengthy
steps a lot of time was saved.
It is crucial that digitising was used because
the product was going to be reverse engineered.
Otherwise there would be a lot of problems
including, but not limited to poor accuracy and
lengthy manual measurements.
When the product goes into production,
prototype mould will be produced using one of RT
technologies like SLS, DMLS, ProMetal, LENS etc.
With rapid development of RT technologies there
is even a possibility of using above mentioned
technologies for production tool again saving time
and money.

3. Conclusions
The paper clearly indicates how integration of
3D digitising and reverse engineering into rapid
product development helps shortening production
times even further. If only digitising is needed,
additional time can be saved [5], [6]. Poligonized
STL model, which is a direct output of nearly all
quality digitisers, can be imported into virtually all
simulation software packages. It can also be used
for direct NC programming and RP and RT
technologies, of course.
Reverse engineering, although generally being
a fast technology, sometimes proves to be a time
consuming technique. One of possible reasons is
imperfect input data (STL model or point cloud).
Other major reason is reverse engineering
software not being mature yet. There is still a lot of
room for improvement in reverse engineering
software, especially in the field of automation and
intuitive help from software. When such software
packages become mature, time needed for
reverse engineering will dramatically drop making
it an even more useful technique.
In the presented case study both digitising and
reverse engineering technologies were applied.

With support of these technologies we were able
to use an existing product thus avoiding time
consuming phase of industrial design and market
analysis. Only three working days were needed for
obtaining a quality CAD model, which was an
excellent approximation compared to original
product. With additional help of numerical
simulations of injection moulding, materials for
both components, needed for coinjection moulding
process, were selected in a very short time.
Future work on presented case study includes
the following:
–

additional injection moulding simulations for
determination of switchover point between
inner and outer component and

–

use of RP and RT technologies for production
of prototype and production mould inserts.
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