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Abstract. The 3D-shape round-robin initiative aims to compare the main geometric parame-
ters of 3D shape measurements for parabolic-trough mirror panels, assessed using equipment
developed and employed by each participating institution: ENEA, F-ISE, DLR, NREL, and SNL.
Except ENEA equipment, all the other are based on deflectometry, also call fringe-reflection
method. The round-robin is based on circulating 6 trough mirror panels (3 inner and 3 outer)
of RP3 dimensions, with a focal length of 1710 mm, between participating laboratories; a sim-
ple and rugged supporting fixture together with precise instruction on how to use it have been
provided to make the comparison more reliable. ENEA wrote a custom evaluation software for
comparing the results. We observe a reasonable agreement among the mean values of the
deviations of height and slopes from the ideal parabola: standard deviation better than 0.1 mm,
0.5 mrad and 0.3 mrad for z, slopeX and slopeY, respectively. The agreement is improved
when a software realignment procedure for setting the height values on the support points to
the expected ideal values is applied. The absolute difference between pairs of evaluators is
sometimes greater than the declared experimental uncertainty; investigation into these devia-
tions is still ongoing.

Keywords: Mirror Panel, Parabolic-Trough, Solar Collector, 3D Shape, Deflectometry
Acronyms:

3D: three dimensions

PT: Parabolic Trough

RMS: Root Mean Square

RP3: one of the standard size of PT solar collectors

RR: Round Robin


https://doi.org/10.52825/solarpaces.v3i.2282
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-6942-8078
https://orcid.org/0000-2222-333-4444
https://orcid.org/0000-1111-3333-4444
https://orcid.org/0000-0002-5024-7699
https://orcid.org/0000-0003-0618-4253
https://orcid.org/0000-0002-1488-7373
https://orcid.org/0000-0002-6207-975X
https://orcid.org/0000-0001-9311-3036
https://orcid.org/0000-0001-9280-285X
https://orcid.org/0009-0002-5225-2042
https://orcid.org/0009-0003-5235-330X

Montecchi et al. | SolarPACES Conf Proc 3 (2024) "SolarPACES 2024, 30th International Conference on
Concentrating Solar Power, Thermal, and Chemical Energy Systems"

1. Introduction

In the context of the European Union (EU) project SFERA-III [1], within WP10 Task3, ENEA
has coordinated the 3D-shape round-robin (RR) initiative. The aim is to compare the main
geometric parameters of 3D shape measurements for parabolic-trough (PT) mirror panels, as-
sessed using equipment developed and employed by each participating institution: ENEA, F-
ISE, DLR, NREL, and SNL. Although the latter two institutions are located outside the EU, they
have benefited from the Transnational Access program to visit various European laboratories,
including the ENEA Casaccia research centre.

Approximately a decade ago, a similar round-robin exercise was undertaken within the
SolarPACES Task IIl framework [2]. However, it did not yield satisfactory results because the
deviations among the findings obtained by participants exceeded the experimental uncertainty.
Consequently, despite the preliminary draft produced during the previous attempt, a finalized
guideline on the subject is still lacking to this day.

Presently, the results obtained from this new RR initiative appear much more promising,
while data analysis is continued, well beyond the conclusion of the EU project SFERA-III.

2. Methodology

The round robin is based on the inter-laboratory circulation of three inner and three outer par-
abolic-trough mirror panels of RP3 dimensions (width 1700 mm; chord 1641 mm and 1501 mm
for inner and outer panels, respectively) with focal length 1710 mm (collectors LS3, Eu-
roTrough etc.). The mirrors are thick glass mirrors (3.8 mm) with backside silver and coatings.
For mounting on the supporting structure, each panel has four ceramic pads with a threaded
metal nut inserted; these pads are glued on the mirror backside in well-defined positions.

The mirror panel is not very rigid, therefore the 3D shape of its reflecting surface depends
on how the sample is supported at the pads. On the other hand, for the sake of the success of
the round robin, the good reproducibility of the panel-mounting is important, even if obtained
by unusual manner, not representative of the normal usage in the solar collector.

As described in detail in [3] and shown in Fig 1, four identical steel balls are screwed in
the ceramic pads; four supports are arranged in the Lab so that the ball centres lie on the same
horizontal plane. Measurement position of the mirror panels is horizontal facing up. Along the
RR, the hardware for such a simple and rugged supporting fixture was shipped together with
the specimens; precise instruction on how to use it have been provided to make the compari-
son more reliable
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Figure 1. View of the supporting system (above). Four support points and strategy to set their pre-
cise positioning in the XY plane of the Lab reference frame (below) — x along the curved direction of
panel and y as longitudinal parallel to the receiver tube in the trough (straight direction of panel)

The participants aligned the specimens according to the above procedure and then run
the measurement with their own experimental set-up described elsewhere: ENEA [4], F-ISE
[5,6], DLR [7,8], NREL [9] and SNL [10]. In brief, ENEA instrument is based on VIS method;
those of F-ISE, DLR and SNL belong to the deflectometry class, while NREL system is based
on a mix of photogrametry and deflectometry.

To be comparable, at the end of the measurements each participant shares results ex-
pressed in the Lab reference frame with the origin in the centre of the steel ball at the support
point P2 and Y axis crossing P1, while the z-axis is vertical. Because each experimental set-
up adopts a different Lab reference frame, the results must be transformed to be comparable.

To make the comparison replicable to everyone, ENEA wrote in C++ the dedicated soft-
ware RRcomparator, available as open source from [11] together with the MS Windows exe-
cutable, and the full set of experimental results provided by each participant. There, both the
placing procedure document [3] and the conclusive SFERA-III report [12] are available; the
latter also describes the RRcomparator software in some detail.

To discover possible inconsistency, the results must pass the acceptance check-point
consisting of the comparison of the values at the support points with the ones expected for the
ideal parabola (according to Section 3 of [3]). This check can be accomplished by means of
the “Tab parameter” of the RRcomparator software.

This preliminary check has been very useful to identify some inconsistency generally af-
fecting the first release of the data provided by all participants: this indicates that the transfor-
mation of the coordinate system, although it follows well-known rules, is not easy to apply.
After some initial hurdles, all participants have been able to deliver valid data-sets. Typically,
height and slope values at the support points deviate from the ideal values by less than 0.5
mm and 0.3 mrad.

3. Results

All results reported here have been obtained by RRcomparator from the data provided by each
participant available at [11] by August 2024; in the future, software and data could be improved
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and updated, with slightly modified results, but recognizable by looking at the release version
of each file.

3.1 Deviations from the ideal parabola

The more the shape conforms to the ideal parabola, the higher the optical-geometric efficiency
in terms of intercept factor of the mirror panel.

Evaluators provided both absolute shape as well as its deviation from the ideal parabola
in the reference frame with origin in the centre of the steel ball at the master support point #2
(the locked one), z-axis aligned along the vertical, and y-axis crossing the centre of the steel
ball at the support point #1.

The RRcomparator computes the mean values on the entire data-set, or on the limited XY
region common to all the evaluators. As very interesting further option, each data set can be
realigned on the expected height (z) values on the support points [11]; the purpose of such
realignment is to reduce the residual effects due to imperfections in the horizontal alignment
of the four support points.

The values of the RMS deviation from the ideal parabola of height (z) and the slopes along
the curved (x) and straight/linear (y) directions of the mirror panels represent a robust indication
about the specimen shape quality. Tables 1, 2 and 3 show the mean and standard deviations
among the RMS deviations obtained from the data-sets provided by each participant. These
values have been achieved with the RRcomparator under different conditions:

i) as it is;

ii) limiting the analysis to the common XY region for all the evaluators;

iii) like ii) but after the software realignment.

The agreement among the different evaluations increases when the RMS deviation com-
puting is limited to the XY common area (case ii) as well as the 3D shape is realigned over the
support points (case iii): the standard deviation of RMS z-value and slope deviations is less

than 0.1 mm and 0.5 mrad, respectively.

Table 1. Mean and standard deviation of the RMS z-deviations from the ideal parabola as it is, limited
to the common XY area, and applying the software realignment. (*) NREL data not available.

XY common and SW re-

As it is XY common .
alignment
(mm) (mm) (mm)
Inner#60 0.47 £ 0.11 0.43+0.10 0.40+0.10
Inner#61* 0.57 £0.08 0.55+0.10 0.48 £ 0.08
Inner#62 0.39 £ 0.10 0.35+0.10 0.31 +£0.06
Outer#93 0.38 £ 0.14 0.37 £0.13 0.33+0.08
Outer#97 0.37 £0.12 0.35+0.11 0.29 £ 0.08
Outer#99* 0.44 £0.16 041014 0.30 £ 0.09
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Table 2. Mean and standard deviation of the RMS slopeX-deviations from the ideal parabola as it

is, limited to the common XY area, and applying the software realignment

XY common and SW re-

As it is XY common alignment

(mrad) (mrad) (mrad)
Inner#60 2.66 £ 0.35 2.42 £ 0.37 242 +0.44
Inner#61* 3.23+0.49 3.00+£0.49 3.01£0.53
Inner#62 2.27 £0.25 2.07 £0.22 2.02+0.18
Outer#93 1.61+£0.22 1.56 £ 0.22 1.52+0.14
Outer#97 1.55+0.20 1.53+0.19 1.45+0.11
Outer#99* 1.73+0.24 1.69+0.23 1.56 + 0.07

Table 3. Mean and standard deviation of the RMS slopeY-deviations from the ideal parabola as it is,
limited to the common XY area, and applying the software realignment

XY common and SW re-

As it is XY common alignment

(mrad) (mrad) (mrad)
Inner#60 2.60 £ 0.32 1.61 £ 0.07 1.60 £ 0.05
Inner#61* 2.75+0.34 2.32+£0.09 2.30+£0.08
Inner#62 2.56 + 0.32 1.61+0.14 1.59+0.13
Outer#93 217 +0.33 1.85+0.21 1.83+£0.20
Outer#97 1.90 + 0.42 1.61+0.26 1.59+0.25
Outer#99* 2.10+0.38 1.87 £0.24 1.84 +0.26

The narrow distribution of the RMS deviations as well as the similarity of contour maps
and shape profiles shown in Fig. 2 (for brevity only the slopeX deviation of the specimen in-
ner#60 is reported here) prove the reasonable agreement among the evaluations provided by

the participants. This represents an important improvement with respect to the previous round-
robin.
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Figure 2. Evaluations of the slope deviation (in curved x direction) from the ideal parabola for
the specimen inner#60; on the left the 2D contour map, on the right the two profiles across
the pair of support points 1-3 (red) and 2-4 (green). The scale is from -0.01 (blue) to 0.01
(red) rad
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3.2 Agreement between pairs of evaluators

On the other hand, considering the absolute measurement uncertainty (1 sigma) declared by
the participants (Tab. 4), and analysing the difference of height and slope values normalized
to the mean uncertainty (3 sigma) between pairs of participants, the result is less encouraging.
For example, Tab. 5, 6 and 7 show the results for the specimen inner#60: while for the height
(z) the difference remains below the threshold value of 1 (i.e. the difference is not greater than
the experimental uncertainty), for the slope the mean value and/or the standard deviation ex-
ceed the threshold value of 1 ( i.e. the difference is greater than the experimental uncertainty
set to 3 sigma) in many cases.

Table 4. Experimental uncertainty declared by the participants (1 sigma)

Height(z) | slopeX slopeY

(mm) (mrad) (mrad)
ENEA 0.30 0.09 0.09
F-ISE 0.13 0.30 0.18
DLR 0.20 0.20 0.20
NREL 0.26 0.12 0.12
SNL 0.20 0.08 0.08

Table 5. Inner#60 - difference normalized to 3 sigma of height (z) between pairs of evaluators

F-ISE DLR NREL SNL
ENEA 0.05+0.22 -0.04 £ 0.08 0.00£0.26 0.13+0.36
F-ISE -0.14 £ 0.37 -0.09 £ 0.50 0.11 £ 0.51
DLR 0.05+0.33 0.21 £0.50
NREL 0.13+0.45

Table 6. Inner#60 - difference normalized to 3 sigma of slope in x-direction (curved) between pairs of
evaluators

F-ISE DLR NREL SNL
ENEA 0.01 £ 0.65 0.09+£0.31 -1.38 £ 4.16 -2.32+2.86
F-ISE 0.02 £ 0.52 -0.65+£1.75 -0.89 £ 1.31
DLR -0.95 +£ 2.62 -1.41£1.77
NREL -0.51+£4.75

Table 7. Inner#60 - difference normalized to 3 sigma of slope in y-direction (straight) between pairs of

evaluators

F-ISE DLR NREL SNL
ENEA -0.06+1.22 |-020+0.89 |-0.64+1.71 |-0.76+1.33
F-ISE -0.08+1.42 |-0.27+1.46 |-045+1.43
DLR -0.25+1.08 |-0.23+0.95
NREL 0.07 £ 1.82

As general rule, ENEA and DLR are the pair of participants in closer agreement, while
NREL and SNL deviate the most with respect to the others. In the case of NREL, probably the
disagreement could arise from the spatial uncertainty of the data-points in the plane XY.

Understanding the root causes of this disagreement demands a rigorous examination of
each instrument, including potential recalibration and iterative measurement and comparison.
This is a complex and costly endeavor, requiring dedicated financial resources for each insti-
tution involved. Regrettably, no funding is currently available or anticipated.
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