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1. Introduction

According to the growing demands on quality in modern production process, it is necessary to design
a tool, which will precisely remove the burr off the castings. The burr represents a rough edge or area
remaining on material, such as metal, after it has been cast. A tool is able to remove the burr all around
the edge and not only in the areas of accumulated material that has been squeezed out (e.g. places
where the material is being poured into the mould). Hard metal with a razor thin burr is hazardous and
needs to be removed in order to have a smooth surface. Usually, all traces of the burr have to be
removed.

A new process of tool design by using 3D scanning-aided technology has been invented by using rapid
prototyping principles. The result is a precise profile of a tool consisting of a series of stair-step curved
cutters connected together. The burr geometry is usually of rather complicated form and enables the
workshop the effective cutting with these tools.

The main demands of designing process is getting the precise position of 3D burr line from a real
casting that differs from the CAD model due to material shrinking during cooling. When designing
one of the burr tools, the programmer tries to design any tool so it has just enough relief to afford the
necessary clearance. The request is to preserve as much tool rigidity as possible and stable enough that
such tools will not deflect unpredictably during machining. Previously used procedures were
inadequate and didn’t meet the quality standards while the new principles in designing of tools
significantly improve the efficiency of production.

2. Requirements on the measurement system

The initial step of the proposed method is to enable digitization of a complete measurement object’s
surface at all the relevant places where the burr artifacts occur with the sufficient lateral resolution.
Since objects made of a large variety of possible materials could be expected, with various sizes and
geometrical properties (Fig. 1), the applied measurement method should not affect the surface of the
measurement object in any way that would alter its volumetric definition. It should be capable of
measuring locations of measurement points with the uniform lateral distribution in the complete
objects volume, thus making the definition of the relevant information possible without the additional
effort on the measurement side during measurements of objects with complex surface features (and to
eliminate the need for additional measurements). Uniform distribution of measurement points also
provides the same measurement uncertainty on the whole measurement volume, which is required by
the manufacturing process that will follow. Additionally, the possibility of simple measurement sensor
accommodations to various measurement volumes, as well as the lateral resolution of measurement
points is required.



Hence, a digitizing method that provides flexible spatially dense digitization of measurement points on
the object’s surface is required, regardless of the measurement object size, material and geometrical
artifacts complexity.

Figure 1. Mechanical parts of various shapes

3. 3D scanning principles

In order to measure the entire geometry of complex objects, reference targets are attached to the object
and their coordinates are determined by photogrammetry. These targets define the object coordinate
system in the particular referent relative sensor to object position. Typical types of sensors consisted of
projector and the two cameras provide over-determined mathematical triangulation model.
Fundamental problem with structured light projecting technology is in the correspondence problem,
since to obtain triangulation points one needs to locate for each pixel in left image m the
corresponding pixel in the right image m' (Fig. 2).
d

Figure 2. Principle of triangulation

The sensor consists of two cameras and a projector. Projector purpose is there just to provide the
unique definition of object points, hence for a dual camera system projector doesn't necessarily has to
be calibrated. Different fringe patterns that are projected onto the object of measurement are observed
(Fig. 3). If the optical transformation equations are known, the 3D-coordinates for each camera pixel
can be determined automatically and in high precision.
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Figure 3. Fringe projection and image capturing by two cameras

The fringe projection sensor ATOS produced by GOM mbH satisfies the above requirements set by
the shape and size of possible measurement objects via projection of visible, non-coherent structured
light to the object surface (Fig. 3).

Figure 4. 3D-scanner ATOS produced by GOM mbH

4. The measuring process

The first step of the method is scanning a casting so a 3D digital image is obtained. Collecting and
capturing the raw data from the scanned object provides the generation of the initial geometry data as
a 3D cloud of points. The imaging technology requires multiple scanning from different views in order
to create a complete object 3D active image. Scanning can be done by rotating the object or moving
the sensor around the object. The single views are recorded with the sensor, which can be positioned
on a tripod in the free-hand mode. The views are transformed automatically into the object coordinate
system using the reference targets. Their 3D-coordinates are determined in the sensor coordinate
system and then transformed into the global coordinate system. The same transformation is used to
relate the surface points to the object coordinate system.

The results of scanning are numerous points that represent surface of the casting. The digitization of
the complete surface of a 1:1 model of a steering wheel (Fig. 5) takes approx. five hours plus
additional two hours for the processing of the recorded images.



Figure 5. Steering wheel digitized as a 3D cloud of points and emphasized burr line

Cloud of points can be also used in a process of reconstructing of a surface of machine part and can be
use in rapid prototyping production.

5. Burr line extraction

Areas interesting for the design of characteristic tool curve are only those that contain the burr line
(Fig. 6). Each point is 3D positioned inside the measuring error and is within the requested accuracy of
0.05 mm.

After scanning, it is necessary to analyze the cloud of points and extract points that are in the burr
neighborhood (Fig. 3). The techniques for extracting characteristic points are strictly defined by the
invented procedure while the number of steps depends on the shape of the casting and the number of
tool cutters.

aa N,

Figure 6. Detail view of the scanned area in burr vicinity

Two crucial facts have to be determined: the area on which the casting is leaning on and the direction
of the tool path. It is necessary to choose a base plane (perpendicular to the tool path) on which the
characteristic points are projected (Fig. 7).



Figure 7. Points projected onto base plane

Short lines are interpolating through the points projected onto the base plane and thus simulating the
resulting curve of a DXF format. File can be transformed in a form, which is a direct input for the
CNC machining centers that will produce the tool cutter for removing the burr (Fig. 8).

Figure 8. Projection of the cutter curve

Usually, casting should lie against its backside in a saddle form basis and is important factor for
achieving high accuracy of tool positioning. The construction of surfaces can be done by extraction of
areas from the cloud of points and interpolating skin through them (Fig. 9). The surfaces can be also
exported into the formats, such as IGES or STEP that are recognizable by the tool production CNC
machine center.

Figure 9. Designed surface of a saddle form basis



6. Steps of invented design procedure

Obtaining the points at burr vicinity starts with constructing free-hand sketch of 3D line by using the
interactive mode "Point in Cloud", which ensures snap to the closest point in the point cloud. A new
cloud created by projection of 3D line onto the point cloud in normal to cloud direction is extracted as
a burr line.

Parts of cloud that are used to create base plane are selected by drawing a selection boundary on the
screen. The base plane enables the best approximation to the specified points that defined the plane. If
there is noise in the point data, "Automatic Point Rejection" can be used for omit points that are
outside of a specified tolerance.

"Project to a plane" operation projects every point from extracted cloud along burr line to its closest
point on the base plane.

The new planar curve is created within the specified tolerance. The number of controlled points of the
curve is the same as the number of data points of the point cloud.

"Fitting surface" operation fits a surface to each given point cloud. Parameters like tension,
smoothness, and standard deviation can also be varied for getting the required surface

7. Conclusion

A new 3D scanning-aided technology in tool design represents a new method in rapid prototyping.
The method has been invented in Laboratory of Experimental Mechanics, Faculty of Mechanical
Engineering and Naval Architecture, Zagreb, and has been applied regularly in Alatnica-Bagat, Zadar.
The method is gained high standards in tool design. Its characteristics are:

The progress of the measurement from view to view is visible on the monitor;

The measuring system automatically repeats the measurement if necessary;

The measurement volume can be individually adapted to the user's needs.

Highly complex geometries can be defined,

High accuracy and outstanding repeatability;

Simple implementation in tool design procedure;

Huge potential of practical use;

The time required for the tool production is significantly reduced.

References

Gomerci¢, M., "Doprinos automatskoj obradi optickog efekta u eksperimentalnoj analizi naprezanja", PhD
Thesis, University of Zagreb, Faculty of Mechanical Engineering, Zagreb, 1999.

Gomerci¢, M., Jecic, S., "Application of a New Optical Shape Measurement Method in Product Design", Int.
Design Conference - Design 98, 1998, pp. 353-358.

I-DEAS Users Manual, Version 9,2001.

Jecié, S., Drvar, N., "The Assesment of Structured Light and Laser Scanning Methods in 3D Shape
Measurements, Proc. of 4" Itn. Congress Of Croatian Society of Mechanics, Bizovac, 2003, pp. 237-244.
Semenski, D., Baki¢, A. Drvar, N., Marinov, A., "Skeniranje i racunalna obrada linija krzanja konstrukcijskih
elemenata - odljevaka", elaborate "Alatnica-Bagat", Zagreb, 2002.

Damir Semenski, Ph. D., Professor
University of Zagreb, Faculty of Mechanical Engineering,
Ivana Lucdic¢a 5, HR-1000 Zagreb, Croatia

Telephone: +385-1-6168211, Telefax: +385-1-6168187
E-mail: damir.semenski@fsb.hr




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>







    /HEB (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


