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onergy Introduction

O Enhanced characterization of heliostats’ beam quality

 The characterization of the heliostats’ facet is key for more realistic ray tracing simulations, which offers a
better and more efficient operation of the solar field.
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- Heliostat’s Facet Characterization

[ Enhanced characterization of heliostats’ beam quality

* This laser scan presents the option to fast scan surfaces using 26 laser lines, which can scan up to 1,860,000
points/s, while weighting only 620 g. As the facets, which are 1.9 m x 1.6 m, specularly reflect the laser, the
mirrors were first covered with a homogeneous and thin layer of water-soluble paint (white color in this case)
and a set of markers, which were used as references for reconstructing the overall mirror shape, were
employed as follows next:

 The 3D laser scanner campaign was finished at December 2024.
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1 Enhanced characterization of heliostats’ beam quality

e The pre-processing of the laser scanned mesh was performed on Geomagic Essentials software. It
encompasses an initial rewarp and remesh to make the mesh elements more homogenous in size and its
finalized by applying a smoothing. The pre-processing workflow will look as follows:
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1 Enhanced characterization of heliostats’ beam quality

* The post-processing of the laser scanned mesh was performed in Matlab. To do it automatically, the following
procedure was employed:

* To calculate the slope errors, an alignment needs to be performed first.
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[ Enhanced characterization of heliostats’ beam quality

» After that, the scanned shape’s centroid, CoGg, was translated to match the one from the perfect shape ,CoG;,
as follows:

T = CoG; — CoGs

* Although, both meshes can still have some rotational mismatch, as in observed from a top perspective as
follows:

oP
v

(0,0,0) $ e ®

» After this operation, the centroids’ position is rechecked again.
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2000

To fix this, the bottom boundary points of the scanned mesh (blue circles in the previous image) were linearly
fitted and the rotation needed to move this direction vector to the ideal one, which is given by the x-axis
(1,0,0), was calculated and employed. After the alignment was performed, the two shapes alignment will be
similar to what follows (perfect shape in black, scanned shape in red):
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To calculate the slope error matrices, the normal of each mesh element of the scanned shape was compared to

the ideal one. The slope error of the laser scanned was benchmarked against deflectometry data (when
available) and also real photographs.
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L Enhanced characterization of heliostats’ beam quality
* The scanned heliostat mesh points are fit to a sphere equation:

2= —xc)*+ =y + (z—2)*

* From the previous fit, the focal length is obtained:

r
=3
I
id. (m) difference (%)
HO06-05 22.65 22.68 0,13
H06-06 21.46 20.80 3,08
H10-07 32.28 31.15 3,50
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 Enhanced characterization of heliostats’ beam quality

* |t follows a comparison regarding the slope error for the H06-06 using deflectometry and laser scanned

data and then using laser scanned and real photographs.
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 Enhanced characterization of heliostats’ beam quality

* For comparison with real flux maps, the target below was used. Then, the 4 corners were taken and the
perspective corrected and then cropped to the target size. It can happen that the centroid is not exactly
aligned with the center of the target, thus for comparing with the ray tracing, both had the centroid
translated to the center of the target.
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Heliostat id = H02-01

Scan focal length =21.62 m

Heliostat id = H12-07

Scan focal length =28.11 m
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Ideal Scanned
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Outlook

Conclusions:
e Characterization of IMDEA’s Energy facets.
* Modification of previous developed ray tracing code to use this new characterization.

* More realistic simulations considering laser scanned facets.

Future:
* Reduce the laser scan methodology error.
e Comparison with newer deflectometry.

 Develop methods to help creating a priori pointing strategies.
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