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Abstract. Mirror shape optimization is a major part of improving the performance of concentrating solar power (CSP) 
collectors. Loads and boundary conditions of different origin and with varying influence on shape deviation need to be 
understood and quantified, e.g., in order to give specifications for the design of new collector generations. Finite element 
analysis (FEA) has proven to be a suitable method for evaluating mirror shape. An optimization process is presented that 
utilizes finite element models (FEM) of mirrors and a subsequent evaluation of the slope deviation to approximate a 
reference, e.g., a measured mirror shape, and determine the load values causing the mirror panel to deform. In this paper, 
the suggested approach is proven to be feasible: Two optimization algorithms are implemented: BOBYQA and CMA-ES. 
A simulated reference created in ANSYS Workbench and a reference from a deflectometry measurement are 
investigated. The determined geometrical parameters are compared to the reference values. For BOBYQA an absolute 
minimum and maximum deviation of 0.02 % and 0.3 %, and for CMA-ES of 0.0001 % and 0.004 % relative to the 
reference values is found. With the measured mirror shape as reference, the optimization algorithm was again capable of 
reproducing the mirror shape in FEA. However, the geometrical load parameters found were only partially in agreement 
with the measured values. Yet, it is concluded that the proposed method for reproducing mirror shape works. 

INTRODUCTION 

Various loads like wind, dead load, and forces originating from the subjacent support structure lead to shape 
deviations of the mirror panels when mounted on the collector frame. Moreover, the resulting shape accuracy 
depends on given boundary conditions, e.g., the tracking angle of the collector. Deformed mirrors can lower the 
optical efficiency of the collector due to a decreased intercept factor if reflected sun rays miss the receiver.  

A parabolic trough collector for concentrating solar power is constructed so that the mirrors withstand occurring 
loads and maintain the ideal parabolic shape during operation in order to maximize the annual yield of the plant. 
With more than half a million individual mirror panels in a state-of-the-art CSP plant an economic collector design 
is mandatory to reach low investment costs and competitive electricity generation costs.  

As stated by Giannuzzi et al. [1] the criteria for designing and developing new collector generations are: Safety 
(public protection when the collector is exposed to static load), Optical Performance (material stiffness high enough 
to avoid displacements and mirror shape deviations), Mechanical Functionality (e.g., allowing tracking without any 
colliding parts), and Low Cost (effective use of available on-site and material resources while maintaining safety 
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requirements as stated above). Therefore, a trade-off between stiffness and stability on the one hand and an 
economic design on the other hand is mandatory. Influences on the mirror shape, e.g., those originating from the 
collector support structure need to be understood and their effects on mirror shape deviation need to be quantified. 
Specifying tolerances for manufacturing parameters and collector loads is made possible.  

In previous works the influence of loads (dead-load, wind-load, type and stiffness of support structure) on the 
resulting mirror shape accuracy were evaluated and quantified [2]. In contrast, a typical scenario in reality is usually 
vice versa: The mirror shape accuracy is measured, e.g., with deflectometry [3], distant observer methods like 
TARMES [4] or QFly [5] or other methods like VSHOT [6],[7] while the loads causing the mirrors to deform are 
unknown or at least not exactly quantified. Therefore, it is somehow obvious to introduce a method with measured 
mirror shape data as input that is able to determine the loads and boundary conditions that led to the observed mirror 
shape.  

In this paper, the suggested approach making use of optimization algorithms is proven to be feasible. The chosen 
method is presented and the developed algorithm is described. Eventually, comparisons with simulated data from 
finite element models (FEM) as well as with optical measurements carried out at the QUARZ laboratory at DLR, 
Cologne, using a real mirror of RP3 geometry, are presented and deviations discussed. 

The work presented here was created during the doctorate of the first author, parts of the results found their way 
into the dissertation [8]. 

METHOD 

Use of Finite Element Analysis and Optimization Algorithms in Solar Research 

Finite element analysis has proven to be a suitable method for simulating solar collectors and predicting 
mechanical and optical properties under operating conditions. As presented by Geyer et al. the development of the 
EuroTrough collector was advanced by FE-analyses [9]: Structural investigations under different load cases were 
carried out and the optimal configuration was identified. Christian and Ho used FEA and a linking to ray tracing to 
determine the influence of gravity load and bending on the slope deviation of the mirror panels and eventually the 
impact on the intercept factor [10],[11]. Moya and Ho created finite Element Models of the heliostats at the National 
Solar Thermal Test Facility at Sandia National Laboratories in Albuquerque [12]. The effect of displacements in 
different load scenarios was investigated and compared to experimental results. A later study by Yuan, Christian, 
and Ho involved the Advanced Thermal Systems (ATS) heliostat [13]. Another presentation regarding the linking of 
FEM with ray tracing in form of a finite element ray tracer (FERT) was published by Biggio et al. in 2013 [14]. The 
advantage of including this type of analysis in the design process of new collector generations was pointed out. 
Gong et al. performed dynamic measurements at heliostats in order to identify modal parameters and characterize 
dynamic behavior [15]. A finite element model of the heliostat was updated with the obtained information in order 
to investigate the influence of wind-loads. Cheng et al. connected the Finite Volume Method (FVM) with Monte 
Carlo Ray Tracing (MCRT). The effect of geometric parameters of the parabolic trough system under investigation 
on the focus-shape was analyzed and eventually compared to the numerical FVM-MCRT-results obtained in 
simulations [16]. 

Optimization algorithms have previously been used in solar engineering. An overview regarding the application 
of optimization algorithms in the field of renewable and sustainable energy is given by Baños et al. [17]. The 
common approach is the parameterization of various components or even the whole plant. Those parameters are then 
optimized regarding maximum output values like power on the receiver or annual yield of the plant. Cabello et al. 
for example optimize the size of the plant, the thermal storage, and the power of the auxiliary system using to the 
annual profit as the objective function [18].  

Husenbeth et al. linked the FEM software SOFiSTiK with the ray tracing tool CIRCE to automatically evaluate 
the incident power on the receiver for a mirror of a solar dish system [19]. The Matlab routine fminsearch was used 
to optimize the position of the mounting points relative to the inner and outer edges of the mirror. The inverse power 
was used as the objective function to be minimized.  

The method presented in this paper differs in that not a characteristic of a certain component or a yield parameter 
of the whole system is optimized. Instead, a measured or simulated mirror shape is taken as reference and an attempt 
to reproduce this shape and reveal the causal load parameters is made. 

The investigations conducted in this work are based on previous works by Meiser et al. [2], [20]-[23]: Finite 
element models of parabolic trough mirrors of RP3 geometry (as used in the EuroTrough collector) were developed. 
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Various loads and boundary conditions like dead load for different collector angles and the influence of different 
types of support structures (ideally-rigid substructure, elastic beam-substructure, and laboratory-frame) were 
investigated in structural-mechanical analyses in ANSYS Workbench. Based on the obtained deformation data the 
local slope deviation values of the mirror panel were calculated using a separate Matlab routine. A comparison with 
measured slope deviations obtained with the deflectometric test bench at DLR, Cologne was performed. 

GENERAL WORKFLOW 

An automatic workflow was developed within the scope of this work. A schematic overview is shown in Fig. 1: 
An initial set of parameters (starting values) is read from a spreadsheet by a Matlab routine and passed to a Finite 
element model of the solar mirror including various parts of the mirror mounting elements depending on the chosen 
optimization model. A structural-mechanical analysis is performed in ANSYS Workbench or ANSYS Mechanical 
APDL evaluating the influence of the given loads/parameters on the displacements of the discrete FE-nodes. The 
coordinates of the undeformed nodes as well as the associated displacements for the mirror are exported using an 
APDL macro. The data file is imported automatically into Matlab. Spatially resolved slope deviation values defining 
the mirror shape accuracy are derived. For the subsequent comparison with local slope deviation values of the 
reference (e.g., measured data), inaccuracies of the mirror material due to the manufacturing process are added to the 
FEM data: In order to minimize gravitational and mounting forces on the mirror and only measure the desired 
manufacturing errors, the mirror was positioned vertically during shape measurement with curved direction aligned 
with the horizon and the mirror in loose fixation. Hence, externally induced deformations were avoided.  

The selected optimization algorithm decides whether the optimization process is continued with adjusted input 
parameters (loads) or ended in case any criterion of interruption is reached. The optimization algorithm itself is 
implemented either in Matlab script language or compiled for Matlab from other programming languages, e.g., C++.  

 

 
FIGURE 1. Schematic depiction of the workflow used for the optimization process employing BOBYQA or CMA-ES and FEA 

Optimization Algorithms 

Two different optimization algorithms were implemented and tested regarding applicability to the problem, 
accuracy of results and speed of convergence: CMA-ES and BOBYQA. 

As an evolutionary algorithm, CMA-ES (Covariance Matrix Adaption - Evolutionary Strategy) makes use of 
selection, recombination, and/or mutation of current individuals (here: individual mirror shape results and their 
causal loads) to create a new generation of solutions with possibly less deviation from the reference case. It was 
introduced by Hansen and Ostermeier in 1996 [24] and is based on an adaptive approximation of the Hessian matrix. 
Although, as with most evolutionary algorithms, no proof of convergence exists, a robust optimization process and 
solution finding was expected. One iteration step includes multiple function evaluations (=multiple evaluations of 
the finite element model). For creating the new generation, two different combination strategies are applicable: With 
the comma-strategy only the individuals of the previous generation are used while the plus strategy takes into 
account all generations and results calculated. The latter strategy usually results in an improved focusing of the 
optimization procedure and is therefore used for the CMA-ES results presented in this work. For the simulated 
reference data, an initial stepsize   12 was defined. Further information about CMA-ES can be found in [25]-
[28]. 

The BOBYQA (Bound Optimization BY Quadratic Approximation) algorithm was introduced by Powell in 
2009 [29]. It is derivative-free and therefore suitable for the optimization process including FEA in ANSYS. 
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BOBYQA makes use of a trust region solution strategy: A local quadratic model of the objective function is 
approximated within a pre-defined radius in parameter space and then minimized within this trust region. Before the 
actual optimization process, the quadratic model used for optimization is built by performing 2k+1 function 
evaluations with k as the number of optimization parameter. For the simulated reference, an initial trust region radius 
of start = 10 and a final radius of end = 10-100 were set. For the measured reference, an initial trust region radius of 

start = 90 and a final radius of end = 10-100 were set. 

Description of FE-Model and Parameters Used for Optimization  

Two finite element models consisting of single mirror panels of RP3 geometry (inner or outer mirror as part of 
parabolic trough collectors of EuroTrough geometry) originally designed by Meiser for previous works [20] were 
prepared, see Fig. 2. Parabolic mirrors with a thickness of 4 mm and a focal length of 1.71 m are modeled. All 
material properties of float glass with respect to static structural analyses were applied. Both models included the 
four cylindric-elliptical ceramic pads glued to the rear-side of the mirrors with silicone adhesive that allow the 
mirror mounting on the collector support structure. Solid elements were used for the discrete mesh. The mirror is 
divided into n x n elements with n = 200 as set by Meiser based on results of a convergence study [2]. For testing 
purposes, less elements were used (e.g., n = 50) in order to increase evaluation speed for a single optimization run. 

The first model (Pad model) did not include further mounting elements or bodies, see Fig. 3 (a). External 
displacements on the rear sides of the mounting pads simulate effects originating from the subjacent bodies not 
included in the model. Translations as well as rotations around the coordinate system axes were allowed and 
parameterized in order to be used as optimization parameters addressed externally by the developed Matlab routines. 

The second model (Bracket model) additionally included the L- and Z-brackets that served as linking elements 
between mirror mounting pads and the further substructure, more precisely the cantilever arms of the EuroTrough 
collector, see Fig. 3 (b). They were fixed to the rear side of the ceramic pads using bonded connections. No screws 
or other connecting elements were included in the model. 

 

 
FIGURE 2. Finite element model of a parabolic trough inner mirror of RP3 geometry with mounting points 1 to 4 
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FIGURE 3. Depiction of the mounting elements included in the a) Pad model and b) Bracket model 

 
In order to avoid non-unique solutions due to homogeneity of space (translations of all four mounting points and 

the whole mirror in the same direction), the translations of the lower right pad (=pad 1) were set to zero. This also 
decreased the number of parameters to be optimized. A separate column in the parameters spreadsheet allowed 
individual on/off switching for each parameter, deciding whether it was part of the optimization process or not. For 
instance, since the direction of gravitation was known, its components in x,y,z were not defined as optimization 
parameters.  

Quantification of Mirror Shape Accuracy and Objective Function 

External loads as well as material stresses from the manufacturing process create forces in the material that can 
lead to deviations from the ideal parabolic shape. Since the reflective layer or surface is also affected, these 
deviations also have an impact on the reflection quality of the mirror. This can be quantified by angular deviations 
of the surface normal vectors. Deviations in the xz-plane (defined by the curved dimension x of the trough and the 
upwards-direction z pointing from the vertex of the parabola to the focal point) directly affect the focus quality of 
the reflector. An outward rotation of the vector compared to its ideal direction is defined as a positive slope 
deviation and an inward rotation as a negative slope deviation. The slope deviation rms value SDx allows the 
characterization of a mirror panel by a single value [30]:  

   1) 

with the local slope deviation value sdxk, the corresponding surface element area ak, and the total aperture area 
Atot of the mirror panel.  

Comparisons between two mirror panels regarding shape accuracy were performed by taking the difference of 
slope deviation values. This can either be done by subtracting their SDx values each given by (1) or by calculating 
the sum of the differences of the local slope deviation values: 

  , ,  2) 

A value of zero would only result if all local slope deviation values sdx2,k and sdx1,k were identical. Hence, 
equation 2 was ideally suited and therefore used as the objective function for the optimization process. 

Reference Case 1: Finite Element Model (Simulation) 

In order to test the developed optimization method, simulated data of mirror shape deviations was created using 
the FE-models described above applying known external displacements to the mirror mounting elements. Induced 
mirror mounting deformations from ideal were 1 mm for translational deviations and 5 or 10 mrad for rotational 
deviations. These magnitudes correspond to values measured in production line, e.g. by Pottler et al. [31]. An 
optimization using the same FE-model (but without applying the displacements) was then employed until the 
objective function was minimized and a stop criterion met by the algorithm. The final (=best) set of parameters for 
the external displacements were compared to the applied known displacements of the reference case. Convergence 
speed and accuracy of the algorithms were assessed. For this reference case, the Pad model was employed. 
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Reference Case 2: Deflectometry & Photogrammetry (Real Measurement) 

For testing the feasibility of applying the developed optimization method to actual mirror shape data, real mirrors 
of RP3 geometry were mounted on a laboratory support structure consisting of two original Euro Trough cantilever 
arms and a subjacent torque-box like metal frame, see Fig. 4. The L- and Z- brackets used as mounting elements for 
the mirrors were installed with deviations from their ideal positions and angles on purpose in order to induce clear 
shape deviations in the mirrors. A photogrammetric measurement using orientation measurement adapters (OMAs, 
see Fig. 5) was performed in order to determine the positions and angles of the brackets. The outcome was used for 
comparison with the resulting final (=best) set of parameters found by the optimization process. A non-scaling fit 
between photogrammetric data and displacements found by the optimization algorithm was performed in order to 
assimilate differences due to the used coordinate systems (fixed in the optimization model at the zero point for pad 
1). For this reference case, the Bracket model was employed in order to consider the elasticity of the mirror 
mounting brackets). 

 

  
FIGURE 4. Real and CAD image of the laboratory structure employed for the performed deflectometry measurements of RP3 

mirrors and the subsequent photogrammetry measurements of the glass brackets 
 

 
FIGURE 5. Orientation measurement adapter (OMA) for determining the position and angular orientation of the L- and Z- 

brackets used for mounting mirrors of RP3 geometry in EuroTrough collectors 

RESULTS 

Simulated Reference Data 

The results of an exemplary test case employing the FE-model of an RP3 inner mirror using only simulated 
reference data as input for the optimization process is shown in Table 1. A mesh resolution for the mirror of 
100x100 elements was chosen to increase optimization- and convergence-speed. Nine preselected and hence exactly 
known displacements were applied to the mirror mounting elements and the reference mirror shape was determined, 
see graphic (1) in Table 1. A slope deviation rms value of SDx = 3.91 mrad resulted. The two subjacent rows in 
Table 1 show the final slope deviation obtained with BOBYQA and CMA-ES, respectively. Both algorithms found a 
SDx of 3.91 mrad. The spatially resolved differences between optimization result and reference values are depicted 
in graphics (3) and (5) of Table 1 with a changed color scale ranging from -1 mrad to +1 mrad. BOBYQA met a stop 
criterion with a value for the objective function of   1.31 10  mrad, CMA-ES stopped after the 
maximum number of function evaluations with a value of   4.41 10  mrad. In this example, CMA-ES 
converged in less iteration steps (approx. 450) when compared to BOBYQA (approx. 930). An objective function 
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value of   10  mrad is reached by BOBYQA after around 85 minutes while CMA-ES needs around 450 
min. The complete optimization process took 3 hours 11 mins, 50 secs for BOBYQA and 16 hours, 24 mins, 5 secs 
for CMA-ES until a stop criterion was met.  

The individual convergences of the optimization parameters are shown in comparison in Fig. 6. BOBYQA uses 
the first 2 1  19 function evaluations to build the quadratic model and then optimizes each parameter along a 
nearly continuous path until the stop criterion is met; CMA-ES scans the parameter space more discontinuously 
covering a broader area. 

In summary, CMA-ES achieved a higher accuracy while BOBYQA reached the same objective function value in 
less time: For BOBYQA a minimum and maximum deviation of 0.02 % and 0.3 %, respectively, and for CMA-ES 
of 0.0001 % and 0.004 %, respectively, relative to the known defined values for the displacements of the simulated 
reference case were found. 

TABLE 1. Resulting slope deviation values (in mrad) for the optimization process with simulated mirror shape data as reference 
for the BOBYQA- and CMA-ES algorithms in comparison 

(1) Reference case 
SDx = 3.91 mrad 

 

 

(2) BOBYQA FEM result 
SDx = 3.91 mrad 

 

   

 

(3) Differences: BOBYQA FEM result to 
reference, equal to (2) - (1) 

(sdx) = 1.31 E-3 mrad 

(4) CMA-ES FEM result 
SDx = 3.91 mrad 

 

 

(5) Differences: CMA-ES FEM result to 
reference, equal to (4) - (1) 

(sdx) = 4.41 E-9 mrad 
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FIGURE 6. Parameter convergence plots against the number of iterations for the simulated data as reference for both algorithms: 

BOBYQA (upper graph) and CMA-ES algorithm (lower graph). Parameter values given in mrad for rotations and in mm for 
translations. 

Real Deflectometric Measurement Data 

Table 2 shows the results of applying the optimization process to real deflectometric measurement data of an 
RP3 inner mirror carried out at the QUARZ laboratory, DLR, Cologne. In graphic (1) the resulting slope deviation 
as measured with deflectometry is shown. A slope deviation rms value of SDx = 3.57 mrad was determined. In 
graphic (2) the slope deviation resulting from the FE-model is shown. The slope deviations caused by material 
stresses from the manufacturing process of the mirror are depicted in graphic (3). These were determined in the 
laboratory by measuring the mirror in as load-free a position as possible during the measurement. This corresponds 
to a vertical position of the mirror with the parabolically curved dimension along the horizon as well as with loose 
mounting, so that almost no or no relevant forces occur due to gravity or the mirror suspension. An SDx value of 
2.40 mrad resulted. The BOBYQA result (FEM result from (2) with added material stress from (3)) is shown in 
graphic (4); corresponding spatially resolved slope deviation differences to the measured reference in (5). A slope 
deviation rms value of SDx = 3.55 mrad for the inner mirror is obtained by the algorithm. The final objective 
function value is   0.38 mrad.  

An objective function value of approximately 0.5 mrad is attained after approximately 3 hours including the first 
2k+1 function evaluations for building the quadratic model in the trust region. During the following 79 hours the 
improvement happened with a significantly lower rate until the optimization process was stopped by the algorithm. 
The parameter convergence against the number of iterations is presented in Fig. 7: translation parameters (upper 
diagram), rotation parameters (lower diagram). The initial values were set to zeros and no translations of the first 
mounting point were allowed. In order to make optimization and photogrammetry results comparable, both were 
individually fitted to the ideal values of the pad positions (lower side of the pads as shown in Fig. 3 a). Since 
ANSYS internally uses a special rotation convention, the photogrammetry results were post-processed to agree with 
this convention. 

The measured mounting point deviations causing the real mirror shape deviations were in the order of a few mm 
for the translations and mrad for the rotations. The exact parameters determined with a photogrammetry 
measurement could not be reproduced in all cases, especially the rotational deviations of the brackets and the 
translational deviations in x- and y-direction. However, the z-deviation values agreed with relative deviations of -8% 
(bracket 1), -30% (bracket 2), -1% (bracket 3), and -59% (bracket 4). 
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TABLE 2. Resulting slope deviation values (in mrad) for the optimization process with simulated mirror shape data as reference 
for the BOBYQA- and CMA-ES algorithms in comparison 

 

 (1) Deflectometric 
measurement (with load) 

SDx = 3.57 mrad 

 

(2) BOBYQA optimization result 
(from FEM only), SDx = 2.39 

mrad 

 

(3) Measured slope deviations caused by 
material stresses due to manufacturing (no 

load), SDx = 2.40 mrad 

 
(4) BOBYQA optimization result 

(FEM + from material stress), 
equal to (2) + (3), SDx = 3.55 

mrad 

(5) Difference between optimization result 
and measurement (spatially-resolved, color 

scale = [-1,1]), equal to (4) - (1) 

 

 
FIGURE 7. Parameter convergence plots showing the progress of the translations and rotations applied to the mounting elements 

of the inner mirror of RP3 geometry found by the BOBYQA algorithm (Note: y-axis limits of ±10 mm for translational 
parameters, ±100 mrad for rotational parameters) 
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DISCUSSION 

The comparison of the two algorithms BOBYQA and CMA-ES using simulated mirror shape data and known 
displacement values as references proved that both algorithms were able to approximate the reference mirror shape 
and find the correct optimization parameters using zeros as starting values. However, for a single iteration step 
CMA-ES performs nine function evaluations each including a finite element analysis in ANSYS, while BOBYQA 
achieved the same accuracy (=value for the objective function) in less time. In the example presented, CMA-ES was 
able to find translational and rotational parameters with smaller relative deviation to the known reference values 
than BOBYQA. Considering that both algorithms achieved deviations from the reference values far less than 1 % as 
well as considering the amount of time required for the optimization, the BOBYQA algorithm was preferred for 
following and future evaluations. 

 For the measured slope deviation of the real mirror the presented optimization workflow was also capable of 
approximating the mirror shape. However, reproducing the mirror mounting point deviations did not work so well. 
One possible explanation is that a specific mirror shape may be caused by multiple different load configurations: 
The positions of the pads within the slot hole of the glass brackets differ from the ideal position (=mid of the slot 
hole) as soon as the brackets themselves show deviations from ideal. However, during the optimization run 
employing the finite element model, this was not a degree of freedom. Furthermore, in reality, the angular 
orientation of the pads relative to the bearing surface of the brackets might have differed from the ideal values 
(=coplanarity between pad rear side and bearing area of the brackets). Both effects were not covered by the 
employed state-of-the-art measurement technology and could have led to deviations in the obtained bracket 
positions and angles. 

Summarizing the results for the real mirror, the data obtained by the performed optical measurement with the 
intention to characterize the real situation (loads and boundary conditions of the mirror mounting) was not sufficient 
for drawing a final conclusion whether the geometrical parameters found by the optimization algorithm were exactly 
those that lead to the measured mirror shape in reality.  

As an attempt to discuss the presented method in a summarizing way regarding its validity, two aspects are 
emphasized: First, the underlying basic finite element model was already validated by Meiser using simulations and 
optical measurements [2] as well as re-validated by the author in the scope of this work and was therefore regarded 
as a trustworthy foundation for applying the presented algorithms. Second, the results presented above for 
reproducing simulated mirror shapes using well-known mounting deviations for the mirror resulted in high 
conformity for both mirror shape and mounting parameters: The applied geometrical deviations that were used to 
create the reference mirror shape were met with convincing accuracy. 

In total – bearing in mind the results for simulation-only data and the limited knowledge of real mirror mounting 
deviations - it is stated that the proposed method works. 

CONCLUSION  

It is proven that measured mirror shape data can be approximated with simulations employing optimization 
algorithms and finite element analyses. With a reference created with the finite element model itself, and applied 
structural loads, both the mirror shape and the load values (geometrical deviations) were approximated with high 
accuracy.  

Using a measured mirror shape and comparing the final set of load parameters to the ones obtained with an 
optical measurement, it was again possible to approximate the mirror shape. The obtained geometrical deviations 
causing the mirror to deform partly agreed with the measurements. As a reason for deviations, missing information 
that was not covered by state-of-the-art measurement techniques about the real situation regarding mirror mounting 
is assumed. 

As an outcome of the study, factors influencing the mirror shape accuracy in solar thermal collectors can be 
better understood. The prediction of mirror shape accuracy in collector is improved. In accordance to the findings 
obtained in previous works the influence of the substructure on which the mirror is mounted significantly affects 
mirror shape accuracy. Even minor translational deviations in the range of millimeters or rotational deviations in the 
range of milliradians can have a significant effect on the overall shape of the mirror panel. 

As yet, slope deviations caused by material stresses from the manufacturing process need to be measured, e.g., 
by deflectometry, and included in the optimization process. Future research shall address the question whether it is 
possible to leave out this additional step without losing accuracy in the determined load values. If this proves 
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successful, any mirror built in collector could be measured with regard to its shape and the optimization process 
responds with the underlying loads and boundary conditions. For good results within reasonable time, a fast 
optimization algorithm is required. By now, the time necessary for evaluating a single mirror panel is in the order of 
hours (approximately 2-20 hours, depending on the complexity of the FE-model, the computational performance, 
and the desired result accuracy). Therefore, a fast determination of load values is impossible, and, hence, a further 
speed improvement is desired. 

For the optimization runs presented in this paper a starting vector of zeros was used. An educated guess based on 
mechanical knowledge or experience with mirror shape deviations is believed to improve evaluation speed and/or 
result accuracy. Further mirror shape data like the deviation in z (direction pointing from vertex of the parabola to 
the focal line) or the slope deviation in y may be consulted for the initial guess. 
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