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Abstract. The paper illustrates the reverse engineeringga® of a blade, from a Kaplan
runner with a diameter of 5400 mm, using the folluywsoftware packages: Agisoft Photoscan
and Geomagic Design X (formerly Rapidform XOR); thext step was to generate the solid
geometry of the blade using the SolidWorks softwdree last step was to compare, using
GOM Inspect software, the geometry of the designlade with the corresponding geometry
obtained using Photogrammetry and finally answergghestion if this technique can be used in
the mechanical field to get a precise 3D reconstrncof large objects with complex
geometries.

1. Introduction

The reverse engineering technology based on Platogetry is used for GIS applications, aerial
imagery processing, mining and quarrying, precisgmiculture and environmental management,
archeology, architecture and cultural heritage dwmntation and visual effects production [1]. The
application references of Photogrammetry in thehanital field are not so widespread in literature;
still we can exemplify the following papers [2],]1[34], [5], [6]. Photogrammetry is the technique
used to extract geometric information from two-disienal images or videos, by taking multiple
overlapping photos and obtaining measurements tham in order to create 3D models of objects or
scenes. The namePhotogrammetry derives from the following Greek wordsphoto$ — light;
»grammd — letter; ,metreirf - to measure. Photogrammetry needs multiple ghdtecause only the
X, Y coordinates can be extracted from one photmwéver, from several photos of the same object
that are taken from different positions, a thirdmtnate Z can be extracted. The required conditon
for every point to be visible in at least two ptotdhis way, the extracted information from photos,
regarding the points, can be used to reconstmes lidistances, areas and volumes of space.

Using the reverse engineering technology, the gaégméa Kaplan blade turbine with a 5400 mm
diameter will be reconstructed and compared withittade geometry design (Figure 1), by following
the next steps:

= 3D scanning of the blade using Photogrammetry bhadigisoft Photoscan software;

= blade reconstruction using the Geomagic DesignKSuwlidWorks software packages.
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Figure 1. The geometry of the design blade.

2. The 3D scanning of the blade
The 3D scanning of the blade requires the follovétages [7]:

Acquire photos with a high quality camera; the input data was wagat from the platform
where the blade was placed; a number of 43 photre waken with a CANON EOS 500D
camera from & 4.5 m mean distance; the mean I1SO-value for eachops 400 by shutter
1/30; some images of the blade are presented gur@L);

Import Photos loads all the raw images into the Agisoft Photwsmterface (Figure 3);

Photo’s inspectior- the quality of the images must be a minimum &f 0.7 is recommended;
the Quality factor is calculated by the Agisoft Photoscanwaft.

Align Photos and build sparse cloudhis processing step compares the pixels in théogho
find matches and build a 3D geometry from them;parse point cloud of 3491 points is
generated (Figure 4); the software tries to idgrddmmon points between pairs of images and
estimate camera locations; (Figure 5) shows thetpaiorrespondence between “img_0008.tif”
and “img_0013.tif", where from a total of 438 pa@n®17 are valid (with blue color) and 221
are not valid (with red color); (Figure 6) showse ttpoints correspondence between
“img_0008.tif” and “img_00141.tif", where from atel of 36 points, 8 are valid (with blue
color) and 28 are not valid (with red color);

Build Dense Cloud once satisfied with the alignment, the sparsetpboud (a mere fraction of
the total data) is processed into a dense clouth, 10965040 pointsyhere each matchable
pixel will get its own X, Y, Z location in 3D spag¢Eigure 7);

Build Mesh- this step connects each set of three adjacentspimto a triangular face, which
combine seamlessly to produce a continuous meshtbgesurface of the model; this step is
optional, because the mesh was generated using &goDesign X software;

Build Texture- in this step, the original images are combindd & texture map and wrapped
around the mesh, resulting in a photorealistic rhotithe original object; this step is optional;
Scale the geometry based on a known distance in the photos; thengey was scaled based
on 3 distances between three markers (Figure 8);

Export the geometry export the dense point cloud to Geomagic DeXigoftware.
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Figure 2. Some captured images of the blade.
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Figure 3. Insert images in Agisoft Photoscan. Figure 4. Images aligned and the sparse cloud.
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Figure 5.

The correspondence betwe
“img_0008.tif" and “img_0013.tif".
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Figure 6.

The

correspondence  between

“img_0008.tif” and “img_0041.tif".
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Figure 7. The dense cloud with 10965040 points.
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Figure 8. Scale the geometry using Agisoft Photoscan software

3. Theblade reconstruction
The aim of this stage was to generate the bladengep as a solid format, by following the next
steps:
= import the dense point cloud into Geomagic DesiggpKware (Figure 9);
= generate the mesh based on a dense point cloudpftveare creates a network with 241577
triangles similar to the mesh from the finite eletnsoftware (Figure 10);
= generate the blade surface and the trunnion cylifiigure 11);
= generate the 3D curves (profiles) that result ftbm blade intersection with cylinders (Figure
12);
= export the profiles to the SolidWorks software;
= generate the geometry of the blade as a solid tamthe SolidWorks software (Figure 13).
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Figure 9. The dense point cloud imported into Geomagic DeXigoftware.
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Figure 10. The mesh created using Geomagic Design X software.

Figure 11. The blade surface and the trunnion cylinder.
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Figure 12. The profiles that result from the blade intersettiath cylinders.



KOD 2018 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 393 (2018) 012126 doi:10.1088/1757-899X/393/1/012126

55 soupworks|  File Edit View Insert Tools Simulaion Window Help #| D -B-@-& -5 -[§ jm E @ - Kaplan2 UEMR Hi. Search Commands Q-2 =™ x
c o |/-@-wv-d 5] F r &
Sketch Smat | 3@ .. A Convert . Quick | Rapid Instant2D
Dimension Entities Snaps  syetch
% & -0 = : 5 > & .
Features | Sketch | Data Migration | Evaluate | DimXpert | SOLIDWORKS Add-ins | Simulation | SOLIDWORKS MBD | Analysis Preparation | @ m
BILAFPCLEHAPH - D-9860-9@-0
¢ [E[R[¢ €] > P
@
7 il
@ Kaplan2 UEMR High - Markers (Defaut< = =
]

i

|es|o

A6 paleta

7 r
[EEEIRINI | Mode! [ 3D Views | Wotion Study1 |
®[E[ ] /B AR GCRAGBOGSFABRALAGER T 7| =]
SQLIDWORKS Premium 2016 x64 Edition

EdiingPart | Custom - @

Figure 13. The solid format of the blade.

4. The blade comparison

According to the CEI code [8}tHe blade profiles shall be measured on at leasettsections along
the entire profile (either along cylindrical or pia sections), on both the pressure and suctiors sifle
the blade or randomly on the whole surfd€égure 14)". The geometry of the reference blrden

the project (Figure 15) design was compared, f@rdiles generated by blade intersection with 6
cylinders, with 6 profiles from the reconstructddde (Figure 16) obtained at the same radius. The
blade profile tolerance was imposed from CEIl cafe1%D = £0.1% x 5400 mm = + 5.4 mm. The

geometry of the blade was imported to GOM Inspettinare and aligned through automatic best-fit
alignment.
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Figure 14. The CEI code recommendations.
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Figure 15. The geometry of the reference blade.  Figure 16. The reconstructed blade.

The following comparisons were made based on tigeraent:

= the surface comparison, which shows that the dewmgiare in the tolerance domain, except for
two points located at the hub and one point locatdabe blade periphery, with +6.69, +9.79 and
+8.99 mm deviations, (Figure 17).

= the profiles comparison; the six profiles were oigd with plane sections of the two blades
(Figure 18); from 88 measured points, 68 pointsd7%) are in the tolerance domain and 20
points (23.81%) are out of the tolerance domainwbich: 7 points (7.95%) exceed the
permissible deviation by 1 mm, 5 points (5.68%)e=xtthe permissible deviation by 3 mm, 5
points (5.68%) exceed the permissible deviation6bynm and 3 points (3.41%) exceed the
permissible deviation by more than 6 mm.The ingpegboints and deviations are presented in
(Figure 19) for section 1 and in (Figure 20) foctgmn 5.
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Figure 17. The surface comparison.
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Figure 18. The inspection sections.
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Figure 19. The inspection for section 1.
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Figure 20. The inspection for section 5.
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5. Conclusions

The geometry of the scanned blade is not perfedtalse it's a manufactured one which must fit a
tolerance domain imposed by the design drawingsalso affected by execution errors, so it is not
identical to the geometry of the project. The saagprocess itself is also affected by scanningrerr
that occur in any measurement process.

However, the comparisons presented in the papea tiseoretical blade as a reference which does
not correspond 100% to the real blade that wasnechriThese differences also include the camera
quality and shooting settings, the number and tyuah the photos, the light around the blade, the
settings imposed on the Agisoft Photoscan softwtaiee accuracy of alignment geometries made for
comparison using the GOM Inspect application, dmel ¢onfiguration of the computer. Reducing
differences can be done by increasing the numbeuthased pictures, using a professional camera
with superior technical characteristics, enrichihg experience with the use of photogrammetry, as
well as the associated information processing [ogr

In our opinion, the answer to the question if tHetegrammetry technique can be used in the
mechanical field to get a precise 3D reconstructiblarge objects with complex geometries is YES
and Agisoft Photoscan is required software amohgrstthat exist on the market.
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