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Abstract. Parameters selection plays an important role in the model updating and a good
parameters selection improves the efficiency of model updating. The sensitivity and the significance
method are widely used for parameters selection. The theory and application are researched. A real
structure was selected to research the parameters selection. The result shows these two methods can
all be used in the simple structure and the significant method is more convenient for use in large
finite element model. However, a new experiment design method is required to reduce the sampling
space for significance method using in too many parameters condition.

Introduction

The traditional parameters selecting methods are mainly based on the experience of engineers in
the process. It’s affected heavily by the subjective factors[1], and there is no numerical standard for
parameters which should be selected or not. Many methods of parameters selecting were researched
in the past years. The sensitivity analysis and significance analysis methods were used widely for
the parameters selecting. The sensitivity analysis method is based on the structure responses partial
differential to the parameters, and the partial differential values can show the sensitivities of
structure responses with the parameter changes [2]. As the parameters changing, the statistic method
was used to calculate the effects on the structure response in the significance analysis. Firstly, the
sampling point’s responses should be computed in the sampling space [3-5].

Comparing the two methods, the theory of the sensitivity analysis method is easy to understand,
and the updated parameters have clear physical sense[6]. However, the differential effects between
various parameters were not considered as the partial differential just at one certain point which
may cause the objective function optimization in local range. In the other hand, the significance
analysis method gives the effects of responses in the whole variables space which is more sensible
than the sensitivity method [7].

In the background above, an experimental structure was selected to research the differences of
the two methods in the theory and application fields. Choosing the modal frequencies as the
objectives, the best application conditions were pointed out in order to update the finite element
model.

Theory of Parameter Selecting
Sensitivity Analysis

There are two ways to get the sensitivity matrix. One is the direct derivation method by exact
system equations, the other one is the finite difference method.

Direct Derivation Method. Based on the vibration theory, the eigen-equations can be written as
the follows:
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[K] and [M] are the represent the stiffness matrix and mass matrix of the structure, f, isthe rth

eigenvalue , { o }is the 7¢h mode shape.
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As the orthogonality of the eigenvectors, the mode shapes can be normalized by the mass matrix.
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The derivation of the Eq.1 and Eq.2 were calculated, the following formulas can be gotten.
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The first order sensitivity of frequencies to the parameters can be archived with the symmetric of

the stiffness matrix and mass matrix[8-9].
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The direct derivate method with the vibration equations is applicative in the discrete system or
simple continuous structure. In the complex and large structure, it’s really hard to formulate all the
equations which will lead the direct derivate method invalid.
Finite Difference Method. Using p to represent the design parameters of the structure, the mode
frequency vectors {f} can be defined as the implicit function of parameters p. With the parameters
slight changes, the first order Taylor series expansion of the 74 mode frequency {/’} can written as

the follow formula[10]:
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As the large number of finite element model, it’s difficult to get the partial difference of the mass
and stiffness matrix. The first order finite difference sensitivity of natural frequency can be
calculated by the ANSYS software, as shown in the Eq.7.
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The matrix form of the parameter sensitivity is shown in the Eq. 8.
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n is the number of the parameters which are need to be updated, m is the number of selected
eigenvalue.

Significance Analysis

The experiment design must be executed before the significance analysis.

Experiment Design.The central composite design is the most widely used in various sampling
space design method [11-13]. Firstly, 2" of sampling points were constructed by the orthogonal tab.
Only one point experiment needed in the center position (0, 0... 0), as no uncertain factor in
numerical simulation. Then, two symmetric points were selected as sampling points in each factor
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axis with £a distances; there are 2m points selected with m factors [14].
The total number of central composite design sampling points is:

N=2m+1+2m )]

Significance Analysis. The F-inspection method of statistic was used for significance analysis.
The parameters which affect heavily on the structure response were selected with the F-value
hypotheses testing. The calculating method of F-value based on statistic is shown in the Eq. 10 [15].

_ SSE(x,,%5,...,X,,_) = SSE(x,,X,,..,X,,)
SSE(x,,%,,..,x,,) (k—m—1) (10)

SSE(x,,X,,...,x, ;) 1s the error square of regression model which concludes m-1 independent
variables, while SSE(x,,x,,..,x,) 1s the error square of regression model which concludes m

independent variables, £ is the number of the independent variables in the regression model.
If the significance level is selected as 0 ,then:

P{F,>2F _,(Ln-m-1)}=0 (11)

F; can be calculated from the Eq. 10, F, , represents the critical value of F hypotheses,(1,

n-m-1)represent single variable and n-m-1 freedom, P is the possibility.
The variables have important effect on the response when P<0 . In opposite, the variables are not
significant to the response as P>0 .

The Application of Parameters Selecting
Sensitivity Analysis

The geometry model and the numbering components of frame structure are all shown in the
Fig.1.

Fig. 1 The Geometry Model and Components of the Frame
The initial parameters of the frame finite element model are shown in the tablel.

Tab.1 The Initial Parameters of the Frame Model

Parameters  length  width  height elastic modulus EI density p possion ratio
Value 2.50m  0.6m  0.08m 206GPa 7800Kg/m’ 0.3
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Fig. 2 The Frequency Sensitivity of the Density
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Fig. 3 The Frequency Sensitivity of the Elastic Modulus

There are three components composed the frame structure in the figurel and its geometry
dimension is accurate relatively. The elastic modulus E; and density p; of the frames were selected as
six parameters to be updated. In order to avoid the aimless and improve the efficiency, the
sensitivity analysis was executed to provide the advice for updating parameters selecting [9].

The first and second mode frequency sensitivities to the density and elastic modulus were
calculated with the 1% increase on the initial of the density and modulus value. The results are
shown in the Fig.2 and Fig.3.

In the Fig.2, the first order frequency is sensitive to the density p | and the second order frequency

is sensitive to the density parameter p jand ps3. In Fig.3, it’s shown that the first and second

frequencies are all sensitive to the elastic modulus EI;. With the sensitivity result, the parameters
El, p 1and p ;3 were selected as the updating parameter of the model.

Significance Analysis

In the significance analysis, the elastic modulus (EI1, EI2 and EI3) and density (p1, p2 and p3) of
the three components are selected as updating parameters. As the little error of density, the range 1
+5% is defined as the density value range. The elastic modulus value range is 1 =20% while it
may have large error existent. The range of parameters’ value is shown in Tab.2.

Tab.2 The Range of Elastic Modulus and Density

parameters EIl EI2 EI3 pl p2 p3

min values 1.648 1.648 1.648 7.41 7.41 7.41
middle values 2.06 2.06 2.06 7.8 7.8 7.8

max values 2.472 2.472 2.472 8.19 8.19 8.19

The unit of the symbol EI; and p; are Gpa and 10°kg/m’ separately in Tab.5.

The experiment sample was designed with six parameters based on the central composite method.
The values of the sample were calculated in the finite element model and the sample points are
shown in the Tab.3.

Tab.3 The Contents of Sample Points

Sample space Number of the sample
(+1,£1,41,4+1,£1.41) 2°
(0,0,0,0,0,0) 1
(+1,0,...,0)~(0,0,...,£1) 2x6

In Tab.3, values H represent the min value and the max value of the parameters and zero is the
middle value of parameter which can be found in the Tab.2.There are 77 sample points and sample
values which are not shown in the papers due to space limitations

The parameters and its interference significance is studied with the 77 sample data gotten by
experimental design. The significances of first and second order frequency (f1 and f2) are shown in
the Fig.3.
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Fig. 4 The Significance of Parameters

In the Fig.4, the literal dashed line location is @a=0.05. The elastic modulus (EI1,EI2,EI3) and
density (pl,p2,p3)parameters are significant to the first and second natural mode frequencies(f1 and
f2). At the same time, it can be seen that some interference parts are not significant to the
frequencies. The efficiency can be improved with the insignificant parts removed.

Conclusions

The sensitivity method based on the Tayor series expansion has the advantages of simple
principle and high operability. But the sensitivity matrix is calculated in the certain value point
which needs to be calculated repeatedly in the update process. The sensitivity analysis will waste
lost of time in large finite element model with too much iterations. Comparing with the sensitivity
method, the significance method based on the statistics in the full parameters space is more sensible
for parameters select. The interferences between parameters were also taken into consideration in
the significance analysis. The significance method is available in the large structure model without
the need of repetition. However, too many parameters will lead a large number of sample space
points and it’s important to use a new experiment design.
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