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Abstract

The present article deals with the possibility siing the reverse engineering method for the prasluctf prototype molds by Patternless
process technology. Article describes method howhtiin virtual model by using a 3D scanner. Aetialso explains principle of the
Patternless process technology, which is basetlemilling mold cavity using CNC machining equipmeéFite aim of the research is the
use of advanced technologies that speed up arlddi@cthe process of production prototype molde Pnactical result of the presented
experiment is bronze casting, which serves as tar&sb bracket on historic bike.
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1. Introduction 2. Obtaining a 3D model by reverse
Production of prototype mold by conventional tedbgaes engmeenng
requires previous production of model. Its productis often
financially and time-consuming. To speed up thedpotion of
prototype casting various technologies have beeveldped,
which makes possible to produce mold cavity withosing the
model. The principle consists in obtaining the uait model by
3D scanner. Consequently, it is necessary to desigold cavity
for casting by using CAD software. With CAM software
created a machine program that is inserted intaQR€ milling
machine. The real mold is subsequently milled tockl of
molding compound. Choice of the molding compound is
dependent on the -casting temperature and varioler ot ;
parameters. During the experiment was used a ngtimpound the components, the method used to scan and thieedles

" Ly . accuracy. During a contactless scanning can bensdagirca
?gggdo cc):n silica sand and gypsum, which is heastagsie up to 10,000 points in a few seconds, by a contact sogrmiethod it is

just a circa 100 points The advantage of contaanhrsiag is

Method of Reverse Engineering (RE) begins to be
increasingly used in the manufacture of molds imfiry and it's
based on obtaining a 3D CAD model from an existiragt.p
Technological process of mold production by RE meéthe
shown at Fig.1. After identifying the part by conguscanner,
digitization process begins in which the 3D digitdta are
obtained by scanning spatial coordinates of paintshe surface
of the part. They are scanned by a 3D measuringsaadning
centers and the output is a set of points define8coordinates
(X, ¥, z). Number of scanned pixels depends orctimplexity of
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particularly high precision, lower cost and the gbgity of
measuring shiny and translucent surfaces. The hsdage is
time-consumption and distortion of diméss during scannin
of softer parts. Contactless scanning main advaritatie spee
of the process, possibility to scan even soft naltgrand alst
very complex objects. By this method it®t possible to sce
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shiny or transparent materials, becaof lower accuracy. The
obtained data has to be further adjusted to polgigoresh (STL
STEP format). Program that is compatible with rdedr dat:
"cloud of point" converts them into lines, arcs,n@s anc
surfaces. Thus, the data are transferred tc3D model, whose
geometry can be modified in the CAD softw

| —-— CAD model

MILLING <— cAM <— POST PROCESSING

Fig. 1.Process of obtaining a mold cavity by using thehmetof RE and Patternless proc

3. Production of prototype molds using
Patternless process technolos

Principle of Patternless process method consistsliiect
creation of mold cavity by milling into a block chardened
molding compound. It is mainly used during the pretibn of
large molds for production of heavy castings.

Using 3D CAD software is created a virtual designmmld
and cores. Created 3D design is an essential impgeherat
machining program, which is then placed in the & ax 5 axis
CNC machine, which mills desired shape into the blogl

Model in STL; STEP

3D modeling format

molding compund. During production is used one or more ty
of tools for roughing and finishing operations. fig. 2 is a
schematic representation of a process for produgicgsting b
Patternless process method.

This method is very flexible, since it possible to make
design changes using 3D CAD programs that can bellec
directly in the control computer of CNC machine. Afl these
changes can be made until CNC machine starts theimmag
process. By this way of creating molds may be the tieqired
for prototype production reduced by h
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Fig. 2. Technological process of casting production by gifiatternless process met
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3. Prototype casting production proces

Prototype castingroduction process, which serves ¢
foot rest bracket on historical motorcycle (vetgramas
based on real scan of the damaged part. To obitai3D
model was used nogentact scanning. The real compon
was scanned from multiple angles in order ttain the
most accurate virtual form of scanned part. Figsh®ws
the two outputs from the scanning device, wt
subsequently had to compress into a single

Fig. 3.Scanning of part in a number of positi

Fig. 4 shows individual recorda®mpressed into a single p:¢
A color differentiation represents a large numbérrecordec
points that determine the shape and geometry ahticel

Fig. 4.Compression of individual records into final |

During scanning of various parts is oftdre case that son
areas it is impossible to capture details and eated 3D model
arises empty spaces that need to be adjusted in ofvare. At
Fig. 5 are shown in a bladolor unscanned areas that needs t
repaired. From the final 3D modeltlsen created the mold cavi
and consequently a machine program. Fig. 6 illtesréhe molc
cavity for the casting. Gating system was subsetiyugnilled into
block. Fig. 7 shows a machine cycle made in CAMvgarfe. The
generated program is inserted irttte CNC machine and tl
cavity was milled into block of molding compou

Fig. 6.Virtual design of mold cavii

Fig. 7.Simulation of roughing cycl- the bottom part of the mold
cavity

To create the block of molding compound was usedas
sand and gypsum, which can withstand temperatyres 4200
C. Made block was placed in a CNC machine and ther
machine cycle was started. Fig. 8 shows the indaligarts of th
mold cavities, with were treated with a protective grapt
coating to improve the quality of the surface. Malds aftel
assembly ready for casting. Gravity casting metihvad chosel
and as a material was used copper alloy. Castingeleture wa
1150 + 50 ° C. At fig9 is captured final castir
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Fig. 9. The final casting

4. Conclusion

Submitted article deals with the use of Reverse naaging
method and patternlesprocess technology. The result is
prototype casting. By combination of these two textbgies we
can speedwp the designing and manufacturing of prototyped
- casting. The main advantage is the great flexjbibf the
production process, speed obguction, and especially low cc
compared to competing technologies relying on thieciple of
3D printing. Currently, the Department of Technadtad
Engineering at University of Zilina conducts reséain order tc
optimize the production process o&tmold cavity by Patternle:
process technology to achieve increased dimensiamalshap

accuracy of finished castings. Optimization of gheduction
process will help increase the competitiveness aftenles:
process technology for the productiorprototype castings.
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