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ABSTRACT 
The present study is focused on applying data acquired 

from quality control systems on a finite number of airfoil test 

sections, to parametrically synthesize three-dimensional 

blade designs with dimensional deviations. The paper 

comprises a discussion on the required input data, theoretical 

considerations on the underlying blade parametrization, 

description of mathematical manipulations for transforming 

position, distance and angle measurements to the geometrical 

design parameters as well as practical applications of the 

implemented process to a closed loop test case. Evaluating 

the presented test case allows to quantify the degree to which 

random samples with dimensional deviations can be 

parametrically synthesized such that the statistical 

characteristics of the original set of samples are resembled. 

This allows to draw conclusions on the suitability of the 

chosen parametrization and to formulate practical 

implications on the statistical input data required for 

synthesizing blade geometries. The findings help to define an 

appropriate blade parametrization and provide the basis for 

probabilistically assessing turbomachinery geometries during 

the design phase through a priori regarding geometrical 

uncertainties for fluid dynamic, structural mechanics or 

coupled simulations.  

 

INTRODUCTION 

While the intended performance of turbomachinery is 

determined by the geometrical design and designated 

boundary conditions, the actual characteristics are subject to 

additional uncertainties. The uncertainties arise from random 

variations in operating conditions as well as geometrical 

deviations due to manufacturing scatter, erosion, fouling and 

gas loads, which in turn depend on the geometry. During the 

design phase of turbomachinery, these random variations are 

accounted for by introducing  empirical margins or safety 

factors to ensure safe operation at all conditions, typically at 

the cost of efficiency. In order to restrict potential penalties 

in efficiency, more realistic measures for safety margins can 

be derived by applying probabilistic methods and thus 

provide the basis for robust designs of high efficiency. Apart 

from statistically characterized boundary conditions, this 

requires the turbomachinery geometry to be fully 

parameterized throughout the probable design space, on the 

one hand, and substantial statistical data for the parameters to 

be available and applicable, on the other. 

By fluid dynamic evidence turbomachinery blades are 

defined using a finite number of airfoil sections, which are 

stacked spanwise with a defined reference point, e.g. the 

section center of gravity, aligned along a straight line or 

curve and finally lofted to arrive at a three-dimensional 

description of the surface. The single sections my either be 

constructed in a Cartesian, a cylindrical or a streamline fitted 

coordinate system. Consequently, parameterization 

techniques, blade design software, manufacturing processes 

and quality assurance systems widely rely on a sectionwise 

description as well.  

Garzon [1] investigated data from a coordinate-

measuring machine on 13 spanwise blade sections along a 

milled rotor bladed disk. It was concluded from a principal 

component analysis that geometric variability could be 

described with less than ten modes and no distinct correlation 

between geometric noise modes and single design and 

tolerancing parameters existed.  

Lange et al. [2] used three dimensional point clouds 

from optical measurements with structured light to define 

two dimensional sections, which were analyzed for typical 

http://www.gpps.global/
http://creativecommons.org/licenses/by-nc-nd/4.0/


  2 

profile parameters like thickness and camber distribution. 

Using optical data allowed for an arbitrarily fine 

discretization of the radial parameterization. As a result, 

radial correlations were obtained and independent parameters 

reduced. The advantage over using a principal component 

analysis is the physical meaning of the parameters, so that 

designs can be adapted to the findings intuitively. 

Similarly, Backhaus et al.[3] have recently presented a 

work on the characterization of a milled blisk. The 

parameterization introduced by Lange et al. was used and 

extended for algorithms to perform a more accurate  analysis 

of regions close to leading and trailing edges. By using 50 

spanwise sections for analysis and breaking the information 

down to only ten spanwise averaged sections, correlations 

between the blisk natural frequencies and analyzed 

geometrical parameters could be revealed.  

To regard blade geometrical uncertainties already during 

the design phase by means of a priori probabilistic 

evaluations, it is necessary to use existing data on 

dimensional deviations and apply it to the nominal blade 

design. In contrast to the references mentioned above, 

however, data is available for a very limited number of radial 

test sections only, which are typically defined in the design 

drawing and may be acquired by optical or tactile 

measurements for reason of quality assurance. Furthermore, 

the test sections do not necessarily coincide with the sections, 

which the airfoils are constructed on. 

 

Figure 1 Measurement planes (A,B,C) and 
Construction surface (D) 

 

Projections, transformations and interpolations are hence 

required to translate the measured dimensional deviations 

into the parametric description used to synthesis the three 

dimensional blade. Certainly, the manipulations may 

introduce inaccuracies, which grow with decreasing number 

of measured test sections and increasing complexity of the 

blade geometry. It is, however, essential to understand 

possibilities, requirements and limits of the methodology, 

before the approach can be used to provide the input for 

probabilistic evaluations starting from statistical data of an 

available database on dimensional deviations. 

METHODOLOGY 

Closed Loop test case 

In order to provide a measure for the accuracy with 

which geometrical deviations can be synthesized by means of 

the proposed methodology, a closed loop test case (cf. Fig. 2) 

was established and applied. In a first step probability density 

functions (PDF) and correlations are supplied for all 

geometrical parameters, which are supposed to describe the 

deviation from the actual geometry. Defining artificial  

deviations, instead of using actual measurement data, allows 

to eliminate uncertainties arising from the measurement 

system itself and thus to isolate the effects of the 

methodology described below.  

Based on the nominal blade design and the supplied 

statistics on the parameters, an arbitrary number of three-

dimensional blade samples with artificial, but random, 

dimensional deviations can be constructed within the 

probability space. Subsequently, virtual test data are 

generated for each realization of the samples by probing the 

geometry on defined test section. The density of probes  

along the section circumference resembles the resolution of 

the actual measurement data. 

 

Figure 2 Closed loop test case 

 

Based on the virtual test data of a specific realisation all 

transformation steps (see equations (1) – (7)) are performed 

to translate the data into the parametric formulation, which 

underlies the blade design tool. For the present study the 

parameters then were analysed. This was done for every 

single aerofoil, before PDFs and correlations derived by the 

test data were compared to input PDFs and correlations. Thus 

conclusions can be drawn on the number of test sections 

required to appropriately transform the parameters and  

resemble the underlying statistics. Also,  the error introduced 

by the transformation can be evaluated.  

In a further step, which is not part of this study, the 

three-dimensional blade including all deviations can be 

synthesized based on the limited data of the virtual test 

sections and its parameters can subsequently be analysed. 

Repeating this approach for each realization of the blade with 

subsequent statistical evaluation of the parameter yield PDFs 

and correlations of the resulting synthesized blades. 

Comparison of the resulting PDFs and correlation 

coefficients to the original data, which was initially fed into 
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the process, yields a quantitative measure for the error 

introduced by the design tool.  

This is required for an a priori probabilistic assessment 

of turbomachinery design with high robustness. 

Parameter generation of test data 

In order to statistically analyse production scatter, the 

parameterization, which underlies the profile definition, 

requires to be robust towards algorithmic evaluation. This 

means that there must exist only one parameter combination 

defining a specific geometric realisation of the blade. If 

different combinations of the parameters led to the same 

geometry, the parametrization would not be amendable to 

statistics. Therefore a definite set of parameters was chosen 

to generate the airfoils with artificial production scatter. All 

spline  related parameters, which are necessary to fully 

describe the geometries, remained unchanged for the sample 

generation and were consequently neglected for the analysis. 

The parameterization used in the present study is shown in 

Fig. 3. An overview of the parameters is additionally 

provided in table 1.  

 

Table 1 Parameterization of profiles 

Parameter  Symbol 

Chord Length c 

Thickness Leading Edge tLE 

Thickness Trailing Edge tTE 

Max. Thickness tmax 

Stagger Angle γ 

Blade Angle Leading Edge β1 

Blade Angle Trailing Edge β2 

Axial Position Leading Edge xLE 

Tangential Position Leading Edge rθLE 

Axial Position Trailing Edge xTE 

Tangential Position Leading Edge rθTE 

 

In a first step, artificial scatter was defined for each 

parameter by introducing an analytical PDF as well as upper 

and lower bounds. The assignment of PDFs to the parameters 

is summarised in table 2. 

 

Table 2 Assignment of PDF to parameters 

Probability Density Function Parameter 

Normal Axial Translation 

Tangential Translation 

Stagger Angle 

Uniform Chord Length 

Blade Angle Leading Edge 

Thickness Leading Edge 

Triangular Maximum Thickness 

Blade Angle Trailing Edge 

Thickness Trailing Edge 

 

In a second step, radial correlations were introduced. 

Thus, deviations were distributed homogeneously along 

blade span. As the correlation coefficients between 

parameters of different construction planes are close, but not 

identical to unity, additional noise was added to the artificial 

manufacturing scatter. More realistic sample geometries 

were hence obtained. 

 

Figure 3 Parameter definition in measurement 
plane (CMM): profile related (ξη)-system and 

Cartesian (xy)-system 

 

Transformation and Interpolation of virtual test data 

Transforming the virtual test data into the parametric 

description, which is used to construct the blade profiles, 

includes projection and interpolation related manipulations. 

The projection steps to transform the parameters from an 

inclined planar measurement system to a cylindrical 

coordinate system includes linear as well as non-linear (i.e. 

unwinding of coordinates) projections. For the explanations 

presented below, the projection of linear measures (e.g. 

thickness, length) will be differentiated from the projection 

of angle measures (e.g. stagger, edge angles). Formally, 

however, the single manipulation steps are widely identical.  

For interpolating the parameters onto the construction 

surface, schemes of differing mathematical order are 

available. It is worth mentioning that changing the 

chronological order of projection and interpolation yields 

different results, as the entire set of transformations is non-

linear. 

Linear measure projection 

The first projection step transforms the parameters 

provided by the virtual coordinate measuring machine 

(CMM) from the profile related into a Cartesian coordinate 

system as depicted in Fig. 3. The transformation yields 

Cartesian components x̃CMM and ỹCMM using Eq. (1) 
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where ξCMM denotes a chamber wise dimension and ηCMM a 

dimension perpendicular to the chamber line, i.e. thickness 

dimension, in the plane of measurement. The transformation 

is necessary, as the chord wise distance as well as a thickness 

measure include both components of the (xy)-Cartesian 

system, only one of which is subject to a subsequent 

unwinding step for the projection onto a cylindrical surface. 

Angle βCMM denotes the angular measure to the local 

chamber line tangent. Transforming the leading edge 

thickness tLE into the Cartesian system, would thus require to 

set ηCMM = tLE, ξCMM = 0 and to use the leading edge as 

angular measure, i.e. βCMM= β1.  

As indicated in Fig. 1, measurement planes do not 

necessarily have to be horizontally aligned with the machine 

axis, but may be inclined (i.e. rotated about y). If this is the 

case, parameters need to be transformed to a non-inclined 

plane using the angle ϑCMM between measurement surface 

and machine axis by applying Eq. (2). 


























CMM

CMMCMM

D

D

y

x

y

x
~

~

10

0cos

3

3 
  (2) 

Assuming that the construction surface is not of a 

cylindrical type with constant radius, but represents a cone, a 

projection onto a plane tangential to the cone surface is 

required as shown in Fig. 4. This is realized by using ϑCC 

which defines the angle between the machine axis and the 

plane tangential to the cone, which the airfoil profiles are 

constructed on, following Eq. (3).  
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Figure 4 Linear projection onto inclined plane 
tangential to the construction conical surface 

 

Please note, that once the measurement plane and the 

cone tangential plane are parallel, Eqs. (2) and (3) formally 

cancel each other out, such that x̃CC = x̃CMM and ỹCC = ỹCMM. 

In a last projection step, the Cartesian coordinates are 

transformed into cylindrical coordinates according to Eq. (4) 

where 𝑟�̃�𝐶𝐶 describes the radius and angle on an unwound 

cone as depicted in Fig. (5):  
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Figure 5 Non-Linear Projection onto conical 
coordinate system 

 

Finally, the distance measure in cylindrical coordinates 

is derived by using Eq. (5) 

2
~

2~~








 CCCC rxd .   (5) 

Angular measure projection 

Essentially the same manipulations are required for 

projecting angles from the measurement plane onto the 

constructions surface. An additional step, prior the ones 

described above, is however required, which transforms the 

angular measure into distance measures, which correspond to 

the Cartesian components of Eq. (1), i.e. x̃CMM and ỹCMM. 

Therefore, the adjacent and opposite leg to the angle in 

question are determined by defining a circle with a defined 

reference radius, e.g. a certain fraction of the chord length:  
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Subsequently, Eq. (2) – (4) are applied analogously to 

arrive at certain values for �̃�𝐶𝐶  and 𝑟�̃�𝐶𝐶, the legs to the angle 

in cylindrical coordinates. The angle itself is finally 

determined by using Eq. (7): 
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Alternative transformation of chord length 

Applying Eq. (1)-(7) allows to directly calculate the 

parameters on the desired construction cone. For determining 
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the chord length, however, a different approach was chosen, 

which tended to yield more precise results. It relies on 

interpolating the leading and trailing edge points from the 

measurement planes onto the construction cone. Thus the 

chord length can directly be determined and becomes 

independent of the stagger angle βS. 

Spanwise interpolation of Parameters 

Usually, the parameters are given for the spanwise 

position of the measurement planes and are unknown for the 

position of the construction surface. A spanwise interpolation 

of the analysed parameters is therefore performed by 

weighting the parameters according to their radial position 

relative to the one on the construction cone. If the 

construction surface crosses more than two measuring 

planes, which can occur the blade is analysed with a high 

radial resolution, the interpolation algorithm automatically 

choses the planes with the smallest distance to the 

construction cone in question. Linear, quadratic and cubic 

interpolations were implemented and tested. 

Chronological order of transformation steps 

As the set of transformations including projections and 

interpolation is non-linear, changing the chronological order 

of projection and interpolation yields different results. Three 

options can be differentiated: (IP) interpolation before 

projections, (PI) projections before interpolation, (PIP) 

mixed approach. When applying the mixed approach, Eq. 

(1)-(3) and (6) are solved, such that all data are given on 

parallel (inclined) planes, which are tangential to the 

construction cone. Then the data is interpolated onto the 

spanwise position, which corresponds to the accordant point 

on the construction cone. Finally, the non-linear projection 

(Eq. (4)) is performed before the parameters in the 

cylindrical coordinate system of the construction cone are 

determined (Eq. (5) and (7)). 

 

RESULTS AND DISCUSSION 

 

At first, a validation of the underlying equation set is 

done by reproducing the parameter set of an arbitrarily 

chosen blade. Differences in chronological order of 

transformation steps are discussed. Afterwards, the error 

development of reproduced parameters on each section for 

decreasing density of measuring planes is investigated. 

Finally, statistical measures of the input data set and 

reconstructed parameters are compared. 

Validation and accuracy of transformations 

For validating the above set of equations all 

transformations were applied to the virtual test data of an 

arbitrarily chosen blade with known values for the artificial  

deviations. A number of 132 radial measurement planes, 

corresponding to a distance of 0.7%span between two 

neighbouring planes, was used to minimise the influence 

resulting from the interpolation. A schematic view of the 

blade, the construction cones and measurement planes is 

depicted in Fig. 6. Please note that for reason of clarity only a 

few, representative measurement planes are drawn, instead of 

the entire set of planes used for the validation. After having 

applied all transformations to the artificial measurement data, 

the reconstructed parameters, i.e. deviations, were compared 

to the corresponding input. It is thus possible to conclude on 

the validity and accuracy of the projection. 

 

 

Figure 6 Schematic view of blade, artificial 
measuring planes (green) and construction cones 

(black) 

 

The deviations of the maximum airfoil thickness are 

shown in Fig. 7 for the nine sections (construction cones) 

underlying the airfoil design. Section 1 denotes the hub, 

section 9 the tip construction cone, respectively. All values 

are normalised using the maximum deviation of the input 

vector, i.e. the deviation in section 9. The reconstructed 

deviations result from a linear interpolation based on the 

values that were analysed on the 132 measurement planes. 

It can be seen that the reconstructed thickness deviations 

(coloured lines) closely resemble the values of the input 

deviations (black line), which indicates the general validity 

of equations (1) – (7). Close to hub (section 1) and tip 

(section 9), however, discrepancies are found, as the 

reconstructed deviations formally result from an 

extrapolation of the virtual measurement data (cf. Fig. 6). 

The tendency to mispredict deviations in the end wall regions 

rises, if non-inclined measurement planes are used and the 

hub or casing contour increasingly converge or diverge.  

Furthermore, the graph shows that the chronological 

order of projection and interpolation does hardly make a 

difference in the present case. The values calculated using 

Methods (IP), (PI) and (PIP) differ by roughly 10−4%, which 

is a consequence of the high radial resolution of 

measurement planes. Even when the radial resolution is 

significantly reduced, the influence of the 

projection/interpolation order does not change the resulting 
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discrepancies between the reconstructed deviations (without 

illustration). 

 

 
Figure 7 Influence of chronological order of 

projection (P) and interpolation (I) 

 

 

Differences are found for sections 1 and 9 only, where 

an extrapolation had to be performed. Since the discrepancies 

between the different approaches are generally small in 

comparison to the deviations in question, it can be concluded 

that the influence of the projection/interpolation order is 

negligible. All results presented below will therefore be 

based on the mixed approach (PIP).  

Fig. 8 shows the error between the input and 

reconstructed deviations according to Eq. (6) for another 

arbitrarily chosen blade sample.  

 

inputtedreconstrucP PP    (6) 

 

where 𝜀𝑃 denotes the error of a parameter P between 

reconstructed deviation Preconstructed and input value Pinput. 

Subfigure a) summarises all linear measures, subfigure b) the 

angular measures.  

Excluding sections 1 and 9 from the discussion (for 

reasons discussed above), it can be stated that the highest 

accuracy that can be expected from the transformations 

ranges around ±3µm for reconstructing thickness measures, 

±10µm for reconstructing chord length. Similarly, the errors 

in reconstructing leading or trailing edge deviations sum up 

to values of ±0.1°, while stagger angle deviations could be 

reconstructed with an accuracy of ±0.03°. The data 

consequently suggests that only differences greater than the 

values mentioned  may be interpreted in the below 

discussions. 

 

  

a) Linear measure parameter 

 

b) Angular measure parameter 

Figure 8 Error of transformation, using linear 
interpolation 

 

Influence of measurement plane density 

In contrast to the results shown this far, blades are 

usually scanned on three to five planes only during quality 

control. Therefore, the radial resolution of input data for 

reconstructing a specific blade sample is sparse compared to 

the results shown in Fig. 7 or 8. In order to quantify the 

influence of limited radial information, the artificial 

measurement planes were reduced by a factor of 2, 4, 8, 16 

and finally 32. Finally, data of only 4 virtual measurement 

planes remained for reconstructing the blade artificial 

deviations.  

Fig. 9 shows the error development for progressively 

decreasing numbers of measurement planes serving for the 

reconstruction, increasing distance Δzplanes/hLE between 
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neighbouring planes respectively. Errors are shown 

representatively for the leading edge thickness (subfigure a)) 

and the leading edge angle (subfigure b)). The illustrated data 

relied on a linear interpolation. 

  

a) Error of tLE 

 

b) Error of βLE 

Figure 9 Error development for decreasing number 
of virtual measurement planes using linear 

interpolation 

 

The greatest errors are clearly found in sections 1 and 2 

for both, the leading edge thickness and the blade angle. Both 

sections relied on an extrapolation of data, independent of the 

number of measurement planes for Section 1, and as soon as 

the number of measurement planes went below a certain 

value, which was 16 for section 2 respectively. The accuracy 

of the reconstructed deviations was consequently low. 

Looking at sections 3 to 9, however, shows that the errors 

were bound by an interval of roughly 30µm, 0.2° 

respectively. Particularly the errors of sections 3 and 5 rose 

linearly with decreasing number of input measurement 

planes, which resulted from their specific position, which 

was close to a given measurement plane. In contrast to that 

sections 4 and 6 were characterised by an alternating increase 

in error, as the associated sections were located somewhere 

in between the virtual measurement planes. The resulting 

accuracy consequently correlated to the distance between 

measuring planes and construction cone in question. 

Obviously, the deviation in leading edge thickness for 

sections 3, 5, 7, 8 and 9 could be reconstructed with an 

accuracy of roughly ±10µm, although the number of input 

data was taken from only 4 measurement planes. It was 

simply a result of the proximity of the remaining 

measurement planes to the construction cones. Sections 4 

and 6 however were found roughly half way between the 

remaining planes and consequently showed greater errors, 

once the radial resolution was reduced below 8 planes. 

It is worth mentioning that the effect of the order of the 

interpolation spline was investigated by means of analogue 

analyses as well (without illustration). Independently of the 

number of measurement planes, the influence of the 

interpolation order on the  errors between Sections 3 and 9 

was found to be insignificant. Applying a higher order 

interpolation did hardly increase the accuracy of the 

reconstructions. If the radial resolution was low however, the 

errors in sections 1 and 2 tended to overshoot for quadratic or 

cubic spline interpolations, since formally an extrapolation 

had to be performed. 

Reproduction of statistical characteristics 

The results presented above were based on the analysis 

of an arbitrary sample and revealed the general validity and 

accuracy of the transformations. For robust turbomachinery 

designs based on probabilistic samplings, however, it is not 

necessary to perfectly resemble one specific sample, but to 

reproduce the manufacturing scatter statistics adequately. In 

order to conclude on the degree to which the statistics of 

manufacturing scatter can be resembled from input data 

comparable to the one from quality control, a total of 1000 

samples with artificial dimensional deviations were analysed. 

Results for the reproduction of median values, minimal and 

maximal deviations and correlations are shown below. 

Median 

In Fig. 10 a) the error of the median  of all 1000 samples 

in reproducing the leading edge thickness is plotted. A value 

of zero consequently means that in average the deviations 

were ideally reconstructed. A negative value indicates that 

the median of the reconstructed probability density functions 

was smaller than the input median. A positive value 

corresponds to a reconstructed median that was greater than 

its input value. 

Using the information of all 132 measurement planes 

yielded median errors, i.e. accuracies, of roughly ±3µm, 

which emphasised the correctness of the underlying 

equations by means of a relevant sample size. When the 

number of measurement planes regarded for the 

reconstruction was reduced, accuracies progressively 
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decreased. If the information of only 4 measurement planes 

was used, the accuracy in reproducing the deviation dropped 

to roughly 10µm for sections 3, 5, 7, 8 and 9. Due to the 

higher radial distance of sections 4 and 6 to the existing 

measurement planes, the associated inaccuracies rose 

disproportionally. Comparing results of Sections 1 and 2 

using 4 and 8 measuring planes further illustrates the effect 

of the extrapolation of data, indicated by the constant 

gradient which was defined by the two most proximate 

measuring planes. While the errors of Sections 1 and 2 come 

to -30µm and -6.5µm for 8 planes, the sign and absolute 

values of the errors changed, when data of only 4 measuring 

planes underlay the transformation. Generally, the findings 

and quantitative numbers pointed out above analogously 

apply to the other linear measure parameters.  

a) Error of Median of tLE  

b) Error of statistical spread of  tLE 

Figure 10 Section-wise comparison of error in 
reproduced manufacturing statistics using linear 

interpolation 

Statistical spread 

While Fig. 10 a) quantified the accuracy of reproducing 

the mean value of the manufacturing scatter in leading edge 

thickness, Fig. 10 b) gives a quantitative measure for the 

reproduction of the statistical spread. The sectionwise 

discrepancy between the minimum (maximum) value of the 

initial and the reproduced deviations is plotted. Negative 

values indicate that the minim value is underestimated, 

positive values indicate an overestimation. Consequently, the 

overall spread remains unchanged in comparison to the input 

statistics, if the errors in minimum and maximum value 

agree. Does the median between input and reproduced values 

additionally change in the same manner, it means that the 

entire probability distribution has shifted (e.g. curves 

representing 4 measurement planes, sections 4 to 7). 

Consequently, the thickness of sections 4 and 6 would have 

been systematically underestimated, if a probabilistic 

sampling was performed on the basis of the synthesised 

statistics. The total statistical spread, however, was widely 

reproduced with acceptable accuracy.  

Correlations 

Probabilistically designing turbomachinery geometries 

requires the knowledge of spanwise correlations between 

different parameters or blade sections. Fig. 11 therefore 

addresses the reproduction of spanwise correlations by 

example of the stagger angle, when the number of virtual 

measurement planes is reduced.  

 

 
Figure 11 Pearson’s correlation coefficient for 
stagger angle: input (top left), 132 planes (top 

right), 8 planes (lower left), 4 planes (lower right) 

 

In the top left part of the figure, the input correlation 

coefficients according to Pearson are illustrated. It can be 

seen that the spanwise distribution of artificial stagger angle 

deviations, which were initially fed into the closed loop test 

case, were hardly correlated. It was indicated by correlation 

coefficients different from the principal diagonal, which were 
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in the range of ±0.3. If all 132 measurement planes were 

regarded for the transformations (top right) the (non-existing) 

correlations could be reproduced with reasonable accuracy. 

Once the number of measurement planes was reduced to a 

number of 8 (lower left) or 4 (lower right), spurious 

correlations developed between neighbouring sections. The 

false correlations were a direct result of the limited number 

of radial measurement planes regarded and the interpolation 

between the planes, which was required to reconstruct the 

deviations. For highly correlated input data, on the other 

hand, correlations could precisely be reconstructed even with 

a limited number of only 4 radial measurement planes 

(without illustration). 

 

CONCLUSION 

 

Feeding statistical data from quality control 

measurements back into the airfoil design process allows to 

probabilistically evaluate future blade designs with respect to 

their aerodynamic performance, structural integrity or multi-

physical properties. A methodology was therefore developed, 

validated and discussed that allows to transform geometrical 

data from a planar measurement into the parameters defining 

an airfoil geometry in a cylindrical coordinate system. In 

order to draw conclusions on the accuracy, which statistics of 

geometrical manufacturing scatter can be synthesized from 

quality control data, a closed loop test case was introduced. It 

relied on virtual measurements of 1000 three-dimensionally 

defined blade samples with artificial dimensional deviations, 

a reconstruction of each blade based on the limited data from 

the virtual measurements and a final comparison of input and 

output statistics. 

Results suggested that mean values and spreading are 

reasonably reproduced, when measurement planes are 

positioned close the surfaces, which underlie the construction 

of an airfoil section. The accuracy of reproduced dimensional 

deviations, however, can reach inacceptable values for 

sections which are not found in the direct vicinity of a 

measurement plane due to the associated interpolation. 

Consequently, deviations that were initially uncorrelated can 

develop spurious correlations, when the number of 

measurement planes underlying the reconstruction is small 

compared to the number of construction surfaces.  

Considering the above finds, it may be concluded that 

precise posteriori probabilistic evaluations of existing 

turbomachinery designs may be beyond the quality of 

statistics, which are reconstructed from quality control data 

with limited spatial resolution. Using the reconstructed 

statistics to forecast variations in aerodynamic performance 

during the blade design process, however, seems to be 

possible. 

 

 

 

 

 

NOMENCLATURE 

 

PDF probability density function 

CoG Center of Gravity 

c chord length 

t thickness 

β angle 

x, y, z Cartesian coordiantes 

rθ tangential position 

ϑ angle of construction cone 

ε error 

P Projection, Parameter  

I Interpolation 

Subscripts and Superscripts 

(..)CMM coordinate measuring 

machine 

(..)3D 3dimensional Cartesian 

system 

(..)CC construction cone 

(..)LE or (..)1 leading edge 

(..)TE or (..)2 trailing edge 

(..)max maximum 

(..)S stagger angle 

(..)reconstructed reconstructed value 

(..)input Input value 
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