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1 INTRODUCTION

The quantification of the quality of a structural dynamical model remains a major
issue today; with regard to the comparison with an experimental reference, numerous
methods have been developed! 2, in order to adjust the stiffness and mass properties of
dynamic models based on free- or forced-vibration tests. The final result is an updated
structural model which, evidently, cannot reproduce the behavior of the family of actual
structures under consideration perfectly. In order to deal with these sources of errors, we
follow quite a different approach than the classical probabilistic methods?. The numerous
sources of uncertainties as well as modeling errors are described using the concept of Lack
Of Knowledge?. The structure being studied is defined as an assembly of substructures £
in which the connections can be viewed as special substructures. The LOKSs are defined on
the substructure level: the basic LOK mg is a scalar internal variable which quantifies the
substructure’s LOK state. The LOK theory is herein developed with particular emphasis
on two aspects: the meaning of what we call a structural model with LOKSs, with its
impact on the prediction of the structural response, and the reduction of the basic LOKs
using additional information.

2 BASIC LACKS OF KNOWLEDGE

We associate with each substructure E of an actual structure €2 a LOK variable mg
defined over an interval whose bounds my; () and my (0) are formally defined as follows:

(1= m(6) K < Ks < (1 4+ mi(6) Ko )

Kpg designates the stiffness matrix of the FE model being used. Kg is the stiffness
matrix of an actual structure belonging to the family under consideration. In this formal
expression, the inequalities can be considered to hold for the eigenvalues associated with
these matrices. In practice, these inequalities are expressed using the strain energies.
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The quantities m;; () and my (6) are scalar internal variables of Substructure E, which

constitute the basic LOK. For each substructure, the LOK mpg lies within the interval
[—myg;my;], and the bounds of this interval are characterized by probabilistic laws whose
nature (Gaussian, uniform, ...) is defined a priori.

3 STRUCTURAL MODELING WITH LOKS

Let us recall that we are considering only LOKSs of the stiffness type. The basic LOKs
are assumed to be known, and so is the FE operator A used to calculate the response 3
of the structure over the time-space domain: 5 = A (KE; E e Q); {Kg, E € Q} should
be viewed as parameters. One assumes that the previous relation holds for any actual
structure belonging to the family under consideration if the stiffness matrices are replaced
by the actual stiffnesses: s = A (Kg; E € ). As the relation between the actual stiffness
and the FE stiffness is established through the basic LOKs (1), we are defining an envelope
of the actual responses. Let us consider a scalar quantity of interest a = a(s) where @
is a given operator. Let us define Aaoq = @« — @ where @ = a(s). For the quantity of

interest a, one defines the following envelope of the possible actual responses:

—[Aagoal(0) < [Admod] < [Aay,q](0) (2)
For instance, [Aa; ](0) is determined from the problem:
Aot y=  _ max  a(AKgEeQ)-a (3)
EeQ

Consequently, Aa;" ; can formally be expressed as Aot = Z* (mJEr, myg; B € Q), hence:
(Aol (0) = ZF (mif(0), mg (0); E € Q) (4)

mod
The resolution of Problems (3) and (4) is not very difficult, especially if the basic LOKs
are small, in which case linearization procedures can be used.

4 IDENTIFICATION AND REDUCTION OF THE BASIC LOKS

Let us consider a structural model with LOKs giving for the quantity of interest o the
bounds [Aa ](0), [Aa, 4](0). From the distributions of these bounds, we can define
the interval I, ,(P) as the smallest interval such that P(Aamed € Iaa,, 4 (P)) is greater
than a given percentage P. The bounds of this interval Iaq, ,(P), denoted Aa,, ,(P)
and Aa  (P), constitute what we call the effective LOK on the quantity of interest a.
Regarding the family of actual structures, one can determine two values Aag (P) and
Aaf(P) which, for a given probability P, contain P% of the values of the experimental
quantity of interest Acey,. Then one can compare the experimental data with the values
given by the LOK model; in order the LOK model to be determined conservatively, we

say that the basic LOKs must be such that:
Aag,(P) < Aag,4(P) and Aal(P) < Aoy 4(P) (5)

exp mod

2



P. Ladeveéze, G. Puel and T. Romeuf

The main idea behind the reduction process of the basic LOKs is that the greater
the amount of experimental information available, the more likely one is to reduce the
basic LOKs. This principle requires an initial description, which may be coarse but must
necessarily be overestimated, of the basic LOKs for each substructure. A set of initial
basic LOKs (m;°(6), mz°(6))geq, such that all the constraints (5) are verified for the
experimental data available, is obtained. In our present approach, which is conservative,
the reduction process consists in using this additional relevant experimental information
to reduce the level of LOK one substructure at a time. Let us consider a particular sub-
structure E*. The problem is to determine a basic LOK (mg.(6), mf.(0)) smaller than
the initial LOK (mg”(0), m.(#)), under Constraint (5) associated with the experimental
information chosen. Since the reduction is carried out one substructure at a time, the
verification of Constraint (5) is not sufficient to guarantee realistic results in all situa-
tions. Therefore we build worst-case estimates of [Aa;t ,](0) and [Aca;, 4](6), denoted

mod

[Act () and [Aa; ¥*')(0), such that the associated effective LOKs verify:

mod mod

Ao, (P) < Aa W™ (P) and Aat (P) < Aaf W' (P) (6)

exp mod exp mod

5 STUDY OF AN INDUSTRIAL CASE

Now, let us present the application of our method to an actual industrial structure:
the Syldab satellite support, developed by the EADS Group, which is capable of carrying
two satellites simultaneously (Figure 1). Free-vibration measurements with 260 sensors
were carried out by IABG on behalf of DASA/DORNIER under contract with CNES.
The model proposed by EADS represents both the support itself and a cylindrical pay-
load which simulates the presence of a satellite resting on the support. As the initial
measurements had shown that it was essential to take into account the deformation of
the ground under the support, it was modeled very simply using 3 torsional springs, one
translational spring and a rigid-body constraint for all interface nodes between the ground
and the support. The final model consisted of 27,648 DOFs and 9,728 elements.

Payload (Group g1)

Connection (Group g2)

SYLDA 5 (Group g3)

——— Ground (Group g4)

Figure 1: Photograph of the Syldab support Figure 2: The associated Syldab model

First, the model was adjusted using the method described in 2, based on the first 12
modes. The problem was then to determine the remaining LOKs. In order to do that,
the structure was divided into 4 main groups of substructures, as described in Figure 2.
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The reduction process was initiated by setting a prior: initial overestimated LOK levels
(mz %, m%°%) (and their corresponding laws). The experimental information consisted of
the eigenfrequencies of measurements on the actual structure, which are considered as
the extreme values that would be obtained if several similar structures had been tested.
Table 1 indicates the order in which, and the data with which, the reduction was carried
out, just as the results of the process. These results confirm the good quality of the
adjusted model of the support (g3) and of the model of the connector (both within a few
%), whereas the oversimplifications in the model of the ground resulted in a high LOK.
In order to evaluate the quality of the results of the reduction process, one can calculate
the effective LOK for Mode 1 which was unused and compare it with the corresponding

experimental values in Table 2: the results obtained with the other modes are consistent.

Groups Experimental data LOKs: laws | LOKs: ranges | LOKs: statistical moments
g3 (Aw; 5,(0.99), Awj ,(0.99)) | Gaussian | [-0.016;0.000] [ = —0.008 / o = 0.003
gl (Awg £,(0.99), Awf ,(0.99)) | Gaussian [0.000; 0.144] pw=0.072 /o =0.028
g4 (Awg £,(0.99), Awg ,(0.99)) | uniform [0.000; 0.521] pw=0.261/0c=0.150
g2 (Aw3f (0.99), Aws_ (0.99)) | uniform | [-0.060;0.000] | = —0.030 / o =0.012

Table 1: Reduced basic LOKs (p: mean value / o: standard deviation)
D+ A oa | B AW, | @ [ @+ Awin, [ ©F + Awig
1 1.01103 1.02103 1.02103 1.05103 1.06103

Table 2: Comparison of 99%-values for Mode 1
6 CONCLUSION

The Lack-Of-Knowledge theory enables one to quantify the uncertainties on the sub-
structure level using quantities of interest defined over the whole structure. The reduction
process presented here enables the determination of the basic LOKs for each substructure
starting from a priori assumptions on their bounds. In order to do that, the experimental
data are considered to be information which reduces the LOK on the structure. These
investigations constitute a first step toward a general method of reduction of the LOKs.

REFERENCES

[1] J. E. Mottershead and M. I. Friswell. Model updating in structural dynamics: a
survey. Journal of Sound and Vibration, 167(2):347-375, 1993.

[2] P. Ladeveze and A. Chouaki. Application of a posteriori error estimation for structural
model updating. Inverse Problems, 15:49-58, 1999.

[3] G. L. Schuéller. Computational stochastic mechanics - recent advances. Computers
and Structures, 79:2225-2234, 2001.

[4] P. Ladeveze, G. Puel, and T. Romeuf. On a strategy of reduction of the lack of
knowledge (LOK) of a structural dynamics model. In Proceedings of IMAC XXII,
Dearborn, Michigan, January 26-29 2004.

4



