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Abstract (in Czech)

Clanek se zabyva vlivem chyb véheni na metodu staticke identifikace. Prezentovastbda
statické identifikace umaitije ukit tuhostni parametry ramovych &hpadovych konstrucki z
méieni posunuti a nateni stgniki dané konstrukc& lanek se zagfuje na odstradni vlivu
chyb nefeni na vysledky prezentované metody.
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1. Introduction
Stiffness identification [1] results from equation
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wheref; is a column vector gkth applied loadK is stiffness matrix of solved structure in the
global coordinate system and it is function of umkn stiffness parameteks According to
[1] it is possible to rewrite (1) to
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For the frame structure (Fig. 1) the dimensionsnatrix A are 714x528 and the number of
unknown stiffness parameters= 528 [1].

Fig. 1. Solved frame structure.



2. Construction of solution

If there exists no solution that exactly satisf(@ we can only construct some pseudo-
solutions [2]. They will satisfy (2) approximateim some sense, e.g. we require the
minimization of vector norm of residufl —f||. The solution that minimize&l—f|| is

k=(aTAJ ATt 3)

where ATA)'AT is Moore-Penrose generalized inverse of ma#ixThe relation between
solution of (10) and measurements errors was exain(iRig. 2). The correct solution would
be horizontal line at level 0%.

The relation between solution and measurements errors
10— T T T ¥ T T T T T
< A *  Errors 1%
A Errors 0.1% |
O  Errors 0.01%

,

-8} A % i
3 W
-10 : : : : : : : : :

50 100 150 200 250 300 350 400 450 500
Elements of vector k

Deviation [%] from actual stiffness parameters
o
T

Fig. 2. Therelation between solution of (3) and measurements errors.

3. Regularization of problem

Tikhonov regularization [3] is common method usedregularization of ill-posed problems.
For overdetermined system (2) there is method dalieear least squares. It seeks to
minimize the residual
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where |[|.|| is the Euclidean norm. However ma#ixan be ill-conditioned and the exact
solution can’t be found. In order to give prefererio a particular solution with desirable
properties, it is possible to add the regularizaterm

k= £+ (5)

whereT is Tikhonov matrix. In many cases, this matrixclsosen as the identity matrix,
giving the preference to solutions with smallermsr The explicit solution can be found



k=(ATA+TTT)J AT (6)

Effect of the regularization can be tuned via sadl@ matrixI" (tj. I =aE). ForI' = 0 the
problem reduces to unregularized least square methpovided that (AA) ™.

There are many possibilities how to construct @ndrlov matrix. Diagonal Tikhonov matrix
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were used.
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Fig. 3. Possihility to find more accurate solution using Tikhonov regularization.



Existence of suitable diagonal and tridiagonal ©ikbv matrix for solution (6) was examined
[4]. Searching was carrying out on constructionhwkhown stiffness parameters and this
information was used to set up the convergenceriit

Fig. 3 shows promising results using simple Tikhomoatrix as a regularization term on
measurements with errors.

3. Actual and old (known) parameters

There was a need of known actual stiffness parameiethe previous example of the
Tikhonov regularization. It is possible to overritheés handicap. It is possible to assume that
there exists some solution from a previous measemésror from assembly drawings which
gives approximate values for convergence critdRi@lation between actual parameters and
old parameters shows Fig. 4.

Relation between actual and known parameters
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Fig. 4. Relation between actual parameters and known (old) ones.

4. Possibilitiesto improveresults from Tikhonov regularization

It is possible to find unknown parameterandp in tridiagonal Tikhonov matrix. The results
are still not accurate enough. Fig. 5. shows, ihet possible to improve previous results.
This is done by locking down the good stiffnessapagters (compared to the known old
parameters), e.g. stiffness parameters < 5%, atichiaption of the corresponding parts of
matrix A from eq. (2) to get better results. Compsrce criteria is old (known) stiffness
parameters.



Improvements into Tikhonov regularization (deviation)
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Fig. 5. Improvements (deviation)

It is possible to show results in way similar tg.H. (Fig. 6.).

Improvements into Tikhonov regularization (values)
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Fig. 6. Improvements (values)

Fig. 5. shows reduced stiffness parameters emadrddrval < -10%, 5% > of actual values for
error in the meassurements 0.1%. Therefore thishadeis still not acceptable for real
applications.



Conclusions

Problem to minimize impact of measurements ermiffness reconstruction of 3D frame is
very difficult as described above. There exist sgvéechniques how can be this impact
lowered. The possibility to use Tikhonov regulatiaa was examined.

This topic need further inspect and it is necessarfind suitable solution that will provide
realistic demands for the errors in meassurememid acceptable accuracy of the
reconstructed parameters.
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