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Introduction

The determination of stiffness parameters for complex materials such as fiber-reinforced
composites is much more complicated that for isotropic materials. Conventional methods of
determination of stiffness parameters of composite materials are based on the direct
measurements of strain fields. Boundary effects, sample size dependencies and difficulties in
obtaining homogeneous stress and strain fields are some of the serious problems. Because of
this, indirect methods have recently received increasing attention. One of such indirect
method is based on measurements of the dynamic behavior of composite plates and
application of the numerical-experimental identification technique [1].

While the use of the polymer and fiber reinforced polymer materials was rapidly
growing in the last years, it became apparent that the classical techniques for measuring the
material properties did no longer satisfy the needs [2]. Many problems arose, due to the
microscopically heterogeneous character and the high degree of anisotropy in these materials.
Simultaneously due to the evolution of computer science, numerical techniques for solving
problems in solid mechanics became more and more widespread [2]. During the last decade
investigations to develop a new technique for material identification, the so-called mixed
numerical-experimental technique, started [3].

Numerical-experimental identification methods mainly are wused in structural
applications [1-9]. For example, Mota Soares et al. [1] identified the elastic properties of
laminated composites by using the experimental eigenfrequencies. The stiffness parameters
were identified from measured natural frequencies of the laminated composite plate by direct
minimization of the identification functional. Similar approach in order to identify the
stiffness properties of the laminate composites was also used by other authors (Araujo et al.
[10], Frederiksen [11]).

In the present study instead of direct minimization of the criterion it is proposed to use
the method of planning of experiments. The main advantage of this method is significant
reduction of the number of computations of the criterion. The response surface
approximations are obtained using the information on the behaviour of a structure in the
reference points of the experiment design. The finite element modeling is performed only in
the reference points. The functional to be minimized describes the difference between the
measured and numerically obtained parameters of the response of structure. By minimizing
the functional the identification parameters are obtained. Previously this method was used in
the solution of the optimal design problems of laminated composites and sandwich plates [12-
14] and also for the identification of mechanical properties of laminates [15].
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Parameters of identification and criterion

The numerical-experimental method proposed in the present investigation consists of the
following stages. In the first stage the physical experiments have been performed. Also the
parameters to be identified, the domain of search and criterion containing experimental data
have been selected. In the second stage the finite element method has been used in order to
model the frequency response of the structure. The results of the finite element solution of the
eigenvalue problem have been employed as numerical experimental data. The finite element
calculations have been performed in the reference points of the variables to be identified. The
experiment design points have been determined using the method of design of experiments. In
the third stage the numerical data obtained by the finite element solution in the reference
points have been used in order to determine a simple functions using response surface method
for calculation of the eigenfrequencies. In the fourth stage on the basis of the simple models
and experimental data of the measured eigenfrequencies the identification of the material
properties is performed. For this a corresponding functional is minimized using a
conventional method of non-linear programming.

Parameters of identification

The proposed numerical-experimental approach is used for identification of the elastic
properties of laminated composite plates. For this the experimental data of the measured
eigenfrequencies have been used. It is assumed that the plate dimensions (see Fig. 1), plate
mass and the layer stacking sequence is to be known. The plate is composed of transverse
isotropic layers with principle material directions 1-2-3, where 1 is the fiber direction and 2,3
are the directions transverse to the fiber direction. In general the ith layer of the laminated
plate is oriented at an arbitrary angle S. The angles of the layers assumed to be fixed.

Fig.1. Unidirectional reinforced laminated composite plate.

The parameters to be identified are the elastic constants of a single layer in the laminated
composite plate. These five parameters of a transverse isotropic layer are

Eq, E>=E - two Young’s modulus,

G1,=G13 - shear modulus,

V2= V13 - Poisson’s ratio,

G2 - shear modulus in the plane of isotropy.

The vector of parameters x to be identified can be chosen in a different ways [15]. The major
problem in parameter estimation is ill condition caused by unknown variables having
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substantially different order of magnitude. For example, Young’s modulus and Poisson’s ratio
cannot be directly selected as components of vector x without proper scaling.

In this study it is proposed to use two different methods of scaling. In Frederiksen [18]
the scaling by longitudinal modulus E; was employed and in addition a fixed scaling factor
was chosen. Similar scaling and reparametrisation was employed in [15], where additional
scaling by the first experimental frequency allows reducing the number of unknown variables
from five to four. Thus, material parameters of single layer can be expressed in terms of
dimensionless variables ¢; [1]

a,=4-4(E,/E))
a,=1+(E,/E)1-2v,)-4(G,/E)a,

1
a,=1+(E,/E)1+6v,)-4(G,/E)a, @)
Qs = 4(G23 + G12 )ao /E1
Here
E
ay = 1- V122 Fj (2)
Now the parameters to be identified x are defined through non-dimensional quantities ¢
x(l):[xl’xz’xa’x4]=[az’asiawas] (3)

Let the experimental eigenfrequencies be designated by ®,, ®,,...,®,, where [ is the number of
measured eigenfrequencies f (®, = 2xf). The value of I is typically taken between 7 and 15.

The corresponding numerical eigenfrequencies f; for the set of given material parameters «;
are represented by o,,o,,...,0,. Let us consider the scaling parameter C, which is chosen
through the relation

== (4)

where o, = Cw, = 2nCf, is the first numerical eigenfrequency calculated with the prior

selected longitudinal Young’s modulus E.

The second set of identification parameters is defined by the stiffness 4. The vector
of parameters x(y) to be identified is given by [15]

x(2) = [xl’xZ’xi‘s’xA’xS]: [All’ AZZ’A12’ A44’ AGG] (5)
Here
1-v,E, | E, 1-v,E,lE, 1-v,E, | E,
A44 = G23 A66 = GlZ = G13

These parameters practically are to be on compatible scales. However, in order to obtain the
engineering constants from in addition a system of three non-linear equations should be
solved. ldentification procedure can be formulated either using the vector of unknown
variables x or x).

Identification functional and minimization problem
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In the first case of formulation of the identification problem the vector x;, is employed and is
defined by equation (3). The functional to be minimized is the deviations between the
measured @ and numerically calculated ® frequencies [1].

oty - e =D )

It is seen that criterion (6) is a non-linear function of the parameters of identification x(). The
identification of the material properties x( is performed on the basis of information obtained
by the measurements of the 7 lowest frequencies. The identification problem is formulated as
follows [1]

min®(x,,) (7)

Subject to
g(x)=a,>0 or EI/E >1 (8)
B8-a,-3a,—-,)

g,(x) = -
1601 | %% [4—0{2)
| 8- 2a, | 4
[2a,, -1/2(8 -, —3a, — )]
8 1__054—053 [4—052)
| 8-2a, | 4
|(a —053)| 4
= & + >0 or LEIE —|v,|>0 11
g4(x) ‘(8—2&2)‘ 4_a2 1 2 |V12| ( )

a™<a <a™; i=2345 (12)

>0 or G,L/E >0 9)

g,(x)= >0 or G,IE>0 (10)

max

Here o™, o™ are the lower and upper side constraints, respectively. The upper and the

lower limits of the parameters of identification are chosen different for each numerical
example of identification.

In the second formulation of the identification problem the vector x(,) is employed and
the functional to be minimized is as follows [15]

D (x,) = 3w e _[";‘fx(”)]) (13)

Here w'® are weights for identification functional using the second set of variables. Again

constrains for upper and lower bound are used and in addition constrains for positive
definiteness of elasticity matrix are employed

gl(x(ZJ) =4, > 0 8 (x(z)) =4, > 0 gs(x(z)) =A4,4, - A122 >0
8. (x(z)) = A44 >0 85 (x(z)) = Ase >0 (14)
Experiment
Experiments have been performed on unidirectional carbon/epoxy laminate. Plates were
tested for vibrations in order to measure eigenfrequencies and corresponding modes.

Experiments were performed with free boundary conditions on all edges of the plate in order
to exclude influence of boundary conditions to the results of identification.
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Natural frequencies of the test plates were measured using a scanning laser and a PC
to store the data. The specimens were hung from one of their corners using a rubber band,
simulating free boundary conditions along the plate’s edges (see Fig. 2.). The plate was
excited using a loudspeaker located behind it. The loudspeaker was connected to an amplifier
and the frequency was varied using a frequency supplier. Response of the plate is measured
by the scanning laser and stored on a PC. To enable a better scanning the specimens were
painted in white. A typical test procedure is as follows: the plate is excited continuously and
the laser measures its response while it is located on one fixed point. The data stored on the
PC is used to perform a Fast Fourier Transform (FFT) technique yielding the experimental
eigenfrequencies of the plate. Then the experimental results are compared with the predicted
frequencies, which were calculated by the finite element code employing the initial guess
values of elastic constants, for example, from static tests. Such preliminary finite element
calculations are necessary to be sure that all experimental frequencies are recorded in the
range. The mode shape associated with each natural frequency is then measured by scanning
the specimen with the laser in lines parallel to its edges (the distance between two consecutive
parallel lines can be adjusted by the user, according to the mode shape number, to yield the
required accuracy), while being exited at one of its eigenfrequencies. The data is then stored
on a PC. Using the MATLAB code the data is converted to yield the mode shape of the
vibrating plate at one of its natural frequencies.

Rubber thread Laser lens

Loudspeaker Specimen

Fig.2.Vibration experiment of carbon/epoxy plates.
Method of Experiment Design
Let us consider a criterion for elaboration of plans of experiment, which is to be independent
on the mathematical model of the object. Initial information for elaboration of the plan is the

number of variables » and the number of experiments k. The main principles in the proposed
approach are as follows [12]
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1) the number of levels in the domain of experiments for each variable is equal to the
number of the experiments and for each level only one experiment is performed,;

2) the reference points (points of experiments) in the domain of experiments are
distributed as regular as possible.

The plan of experiment is characterized by the matrix of the plan B;;. The domain of the
experiments is determined as X, e[x;”‘”;xTaXJ. Thus, in this domain the reference points,
where the experiments must be performed, are calculated by the expression
i min I max min
XV =x +ﬁ(xj —x’ XB[/‘_I) (15)
Herei=1,2,..,kand;j=1,2,..,n
The details of this procedure and corresponding program PLANEX were described in [12].

Approximation of Response Surface

Information about the behaviour of the object can be obtained by the physical experiment or
by the computer solution in the reference points. This information can be represented as a
table of data, where the response function y(x) of the object is to be in relationship to the
variables *1X2:X:  The goal is by using the data of experiments (in our case data are
obtained by the Finite Element solution in the reference points) to obtain the relation y(x) in
the mathematical form or so called equation of regression. The details of this procedure and
corresponding program RESINT were described in [12].

Software developed for the identification procedure

In the first stage of identification procedure the experiment design is selected. For this
program PLANEX (see Fig. 3.) or software (see Fig. 4.) developed using Compaq Visual
Fortran programming language can be used.

The second stage is Finite Element solution. A 22 x 22 regular mesh (968 Finite
Elements) is considered in order to achieve appropriate accuracy for at least 20 first
eigenvalues of the laminated plate with FFFF (all edges free) boundary conditions. A
triangular Finite Element of laminated thick plate with a shear correction [17] is selected.
Finite Element code and corresponding software was developed using Compaq Visual
Fortran programming language (see Fig. 4.).

When Finite Element solution is done results are written into data files, which can be
used to build a mode shape for corresponding eigenfrequency. Appropriate software using
Compaq Visual Fortran is designed (see Fig. 5.).

In the third stage of identification procedure the data of the numerical simulations is
used to determine the response surfaces. For this program RESINT is employed. The
elimination diagram for the first frequency of the plate UD1 is shown in Fig. 6.
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Fig. 3. Creation of experiment design by program PLANEX.

Identification

Number of reference points I 55 Longitudinal elastic modulus E1 171ed
Flate's langht I 0.2075 MM b

Flate's witlth I nrp7s  Transversal elastic modulus E2 I 9520 11 628
Flate's thickness I 0002 Longitudinal Poisson's ratio w12 I 0.z 0.45

|
|
Mumber of eigenvalues I 30 Transwersal Poisson's rafio v23| 0.3 I 0.3
|
|

MNumber of finite elements X I 29 Longitudinal shear modulus G12 I 5 7520 7 7520
direction
MNumber of finite elements I 20 Transversal shear modulus G23 I 552l 8529

direction

Density 1535

Wode shape visualizer

Resultfile upt e
&+ Generated material properies « 0n

Resintfile o

" Custom material properties o Off o1 mds Cancel |

Mode shape file

Fig. 4. “Input data table” of the software for identification procedure.

The last stage of identification procedure is minimization of the identification functional. It is
performed using mathematical library of Compaq Visual Fortran.
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Fig. 5. “Mode shape visualizer” of the software for identification procedure.
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Fig. 6. Diagram of elimination generated by RESINT.

Identification examples

Identification of the elastic constants of unidirectional carbon/epoxy laminated plates from the
measured eigenfrequencies was performed in two ways. In the first approach the identification
was carried out by the first set of identification parameters (4) and for the second - the second
set of identification parameters (5) was employed.

For the identification three carbon/epoxy plates were manufactured and tested. Fiber
volume content of the present carbon/epoxy laminate is about 60%. Nominal thickness of the
plates was #=2 mm. Geometric dimensions of all specimens are presented in Table 1.
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Table 1. Geometric dimensions and density of plates for vibration tests

Plate No. a, mm b, mm h, mm p, kg/m’
ubD1 207.5 207.5 2.000 1535
ubD3 205 205 1.969 1598
ubD5 205 205 1.960 1589

Experimental eigenfrequencies f,** and eigenmodes are presented in Table 2. Since all

frequencies experimentally were not observed, frequencies are ranged according to the finite
element solution employing the initial guess values of elastic constants obtained from the
static tests. In the second column corresponding vibration modes (m, n) are given, where m is
number of nodal lines in the direction of axis 1 and » is number of nodal lines in the direction
of axis 2. Note that axis 1 denotes a fiber direction and axis 2 denotes a transverse direction. It
is seen that all frequencies were not observed in the experiment. For example, for the plate
UD1 in the range of first 19 numerical frequencies only 12 experimental frequencies were

measured.

Table 2. Experimental frequencies f,* [Hz] and modes

Moda(m,n) | UDI UD3 UDS
4(1,1) 97 98.2 98
5 (2,0) 123.8 126 127
6(2,1) 237.4 237 238
7(3,0) 341 345.6 350
8 (3,1) 458 457 458
9(0,2) 502.6 498 496
10 (1,2) 541.2 536.5 533
11(2,2) 653 654 649
12 (4,0) - - :
13 (4,1) - 780 -
14 (3,2) - 863 858
15 (5,0) - 1125 -
16 (4,2) 1168 - -
17 (5,1) - 1242 -
18 (0,3) 1381 1368.5 1355
19 (1,3) 1413 1401.6 1391

20 (2,3) 1512 1506.5 1487
21 (5,0) - - -
22 (3,3) - - -

Determination of the elastic constants using the first set of identification parameters

The experiment design with four variables (n = 4) and 35 reference points (kK = 35) was
selected. The initial value of the Young’s modulus £ [15] and the upper and lower limits of

the identification parameters of corresponding plate are taken as follows
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up1 | EuEn GG, [GPa] v, UD3 E, G, G, [GPa] v,
Min___| Max Min | Max
E} 171 E; 170
E, 9.6 11.6 E, 10.1 11.1
G, =G, 5.25 7.25 G, =G, 5.5 6.6
Gy 6.5 8.5 Gy 5.3 6.5
Vi 0.2 0.45 Vip 0.2 0.45
UD5 E E, G, G, [GPa] v,
Min | Max
E° 170
E, 10.6 11.6
G, =G, 5.8 6.8
Gy, 4.0 5.2
Viy 0.2 0.45

The lower and upper bounds of identification parameters are recalculated by equation (1).
Using the expression (15) the values of all four identification parameters are calculated in the
35 reference points. In each reference point the finite element solution of the eigenvalue
problem for the first 30 frequencies was obtained.

The data of the numerical simulations were used to determine the response surfaces.
For this the RESINT program [12] was employed. The elimination diagram for the first
frequency of the plate UD1 is shown in Fig. 6. The simple model for the first frequency of the
plate UD1 is given by the expression with four terms

y1(X) = 98.7 - 2.05z; - 7.1625 - 4.42z3 (16)

z;=-161 +42.8x1 z;=-30.1 +34.4x; z3=-18+ 17.3x3

Similar models as expression (16) have been obtained also for the other frequencies. For the
identification only the “best” experimental eigenfrequencies have been selected.

Minimization of the functional (6) subject to constraints (7-11) was performed using
mathematical library of Visual Fortran. Results of the identification are given in Table 3.

Table 3. Mechanical properties obtained by the identification (1% set)

UDI UD3 UD5
E,[GPa] 171.05 | 172.88 | 171.37
E,[GPa] 1044 | 10.95 11.2

G,=G,[GPa]| 6.07 6.35 6.35
G, [GPa] 7.71* 5.82 457

v, 0.477* | 0337 | 0.233

It is of interest to compare the experimental eigenfrequencies with the calculated frequencies
(see Table 4), where the elastic properties obtained by the identification are used. Residuals
were calculated by the expression
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It is seen that differences between the experimental and numerical frequencies using elastic
properties obtained by the identification are very small. Mostly residuals do not exceed 1%.

Table 4. Flexural frequencies f; [Hz] and residuals A; (%) for plates UD1, UD3, UD5 (1% set)

Moda UD1 UD3 UD5
(m,n) | Exp FEM | A (%) | Exp FEM | A (%) | Exp FEM | A (%)
4,1 | 97 97.14 | -0.144 | 982 | 98.18 | 0.020 08 08 0.000
5(,0) | 1238 | 1242 | -0.323 | 126 | 1257 | 0.238 | 127 | 126.9 | 0.079
6(2,1) | 237.4 | 2344 | 1.264 | 237 | 2369 | 0.042 | 238 | 236.9 | 0.462
7(30) | 341 | 3422 | -0.352 | 3456 | 346.3 | -0.203 | 350 | 349.5 | 0.143
8(3,1) | 458 454 | 0.873 | 457 | 458.9 | -0.416 | 458 460 | -0.437
9(0,2) | 502.6 | 502.6 | 0.000 | 498 | 499.8 | -0.361 | 496 | 496.1 | -0.020

10(1,2) | 541.2 | 539.4 | 0.333 | 5365 | 537.4 | -0.168 | 533 | 533.3 | -0.056

11(2,2)| 653 650 | 0.459 | 654 | 651.2 | 0.428 | 649 | 648.4 | 0.092

12 (4,0) - - - - - - - - -

13 (4,1) - - - 780 | 787.2 | -0.923 - - -

14 (3,2) - - - 863 | 862.6 | 0.046 | 858 | 857.2 | 0.093

15 (5,0) - - - 1125 | 1126 | -0.089 - - -

16 (4,2) | 1168 | 1167 | 0.086 - - - - - -

17 (5,1) - - - 1242 | 1228 | 1.127 - - -

18(0,3)| 1381 | 1377 | 0.290 | 1368.5 | 1370 | -0.110 | 1355 | 1359 | -0.295

19 (1,3) | 1413 | 1408 | 0.354 | 1401.6 | 1402 | -0.029 | 1391 | 1390 | 0.072

20(2,3)| 1512 | 1503 | 0.595 | 1506.5 | 1499 | 0.498 | 1487 | 1487 | 0.000

Determination of the elastic constants using the second set of identification parameters

The experiment design with five variables (» = 5) and 36 reference points (kK = 36) was
selected. The upper and lower bounds of the identification parameters are taken as follows
and are recalculated by equation (5). Using the expression (15) the values of all five
identification parameters are calculated in the 36 reference points. In each reference point the
finite element solution of the eigenvalue problem for the first 30 frequencies was obtained.

UDL E, G, G, [GPa] v, UDS E E, G, G, [GPa] v,
Min Max Min Max
E/[GPa] 168 174 E/[GPa] 168 174
E,[GPa] 9.5 11.5 E,[GPa] 9.5 11.5
G, =G, [GPa] 5.2 7.2 G,, = G, [GPa] 5.2 7.2
G,,[GPa] 4 8 G,,[GPa] 4 8
Vi 0.2 0.45 Vi, 0.2 0.45
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Employing procedure described in previous paragraph simple models for eigen-
frequencies are obtained and minimization functional has been solved. From the results
obtained by minimization (Table 5) elastic properties of plates has to be derived from
equation (5) using non-linear programming.

Table 5. Identification parameters obtained by the minimization (2" set)

UD1 UD5
x, =A4,[GPa] | 1725 | 171.7
x,=A4,[GPa] | 1072 | 11.24
x,=A4,[GPa] | 4.658* | 2725
x,=A,[GPa] | 7.458* | 4.521%
x,=A4,[GPa] | 6250 | 6.362

Since some discrepancies have been found in the identification of the Poisson’s ratio v,, and
the transverse shear modulusG,, it is proposed to use set of accepted Poisson’s ratio v,,.
Identified elastic constants are presented in Table 6.

Table 6. Mechanical properties obtained by the identification (2™ set)

UDI Yz
0.30 0.32 0.34 0.35
E,[GPa] 171.54 171.40 171.26 171.19
E,[GPa] 10.66 10.65 10.64 10.64
G, [GPa] 7.458" 7.458" 7.458" 7.458"
G, = G,[GPa] 6.250 6.250 6.250 6.250
v, 0.30 0.32 0.34 0.35
UD5 it
0.30 0.32 0.34 0.35
E,[GPa] 170.69 170.55 170.40 170.32
E,[GPa] 11.17 11.16 11.15 11.15
G,,[GPa] 4521 4521 4521 4521"
G, = G,[GPa] 6.362 6.362 6.362 6.362
V., 0.30 0.32 0.34 0.35

For the comparison of the experimental eigenfrequencies with the calculated frequencies (see
Table 7) Poisson’s ratio v,, value is 0.34. Residuals were calculated by the expression (17).
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Table 7. Flexural frequencies £, [Hz] and residuals A; (%) for plates UD1, UD5 (2" set)

Moda UD1 UD4

(m,n) Exp FEM A (%) Exp FEM Ai (%)
4(1,1) 97 98.4 1.44 97.5 97.88 0.39
5(2,0) 123.8 125.4 1.29 125 125.4 0.32
6 (2,1) 237.4 237.4 0.00 236 236.3 0.13
7 (3,0) 341 345.4 1.29 344 345.4 0.41
8(3,1) 458 459.1 0.24 457.5 457.9 0.09
9(0,2) 502.6 503.0 0.08 497 498.7 0.34
10 (1,2) 541.2 540.7 0.09 537.5 536.4 0.20
11 (2,2) 653 654.2 0.18 650 649.9 0.02
12 (4,0) - 682.5 - 682.5 682.5 0.00
13 (4,1) - 787.0 - 784 785.9 0.24
14 (3,2) - 866.1 - 866 861.3 0.54
15 (5,0) - 1124 - 11245 1124 0.04
16 (4,2) 1168 1178 0.86 - 1174 -
17 (5,1) - 1227 - - 1226 -
18 (0,3) 1381 1378 0.22 1365.5 1367 0.11
19 (1,3) 1413 1410 0.21 1402.5 1399 0.25
20 (2,3) 1512 1508 0.26 1504 1496 0.53

Conclusions

The present method of identification based on planning of experiments can predict the major
elastic properties of the laminated composite plate specimens. Some discrepancies have been
found in the identification of the transverse shear modulus G,,, which is not very sensitive to
the eigenfrequencies of the thin plates. This parameter must be identified from the experiment
on the thick plates.

The main advantage of the method of identification proposed in the present paper is
significant reduction of the computational efforts in order to calculate the numerical
frequencies, which are presented in the functional to be minimized. Another advantage of the
identification method used is that the elastic constants are determined only from vibration test
using a plate sample. The proposed method can be used as a non-destructive method in order
to determine the elastic constants of unidirectional laminated plates. For corresponding
procedure user-friendly software was developed using Compaq Visual Fortran. Every stage
of identification procedure can be done step by step using simple windows. During
identification procedure it is possible to evaluate mode shapes and corresponding eigen
frequencies exploiting Mode Shape Visualizer made employing Compaq Visual Fortran.
Proposed software allows to employ the identification method in order to determine the elastic
constants of laminated plates in user convenient way.
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Rucevskis S. OgleklSkiedras kompozitmateriala elastigo ipasibu identifikacija

Raksta tiek apskatita metode kompozito materialu mehanisko ipasibu noteikSanai. Lai spétu nodrosindt
konstrukcijas augsta standarta droSibu, materialu ipasibam ir jabut precizi noteiktam. Darba tiek aprakstita
skaitliska eksperimenta planosanas identifikdcijas metode kompozito materialu elastigo ipasibu noteiksanai.
Metode ir balstita uz kompozito materialu platnu dinamiskajiem eksperimentiem un Galigo Elementu metodes
aprékiniem. Saja darba tiesas minimizdcijas metode elastigo ipasibu noteikSanai ir aizstata ar skaitliska
eksperimenta planosanas metodi. Galvena S$its metodes prieksrociba ir ievérojama nepieciesamo aprékinu
samazinasana. Galigo Elementu metodes aprékini tiek veikti tikai skaitliska eksperimenta planosanas metodes
ieguitajos punktos. Minimizacijas funkcionals apraksta starptbu starp eksperimentali iegitajiem un skaitliski
aprekinatajiem parametriem. Materiala elastigas ipasibas tiek iegiitas minimizéjot So funkcionali.

Ruchevskis S. Identification of elastic constants of carbon/epoxy composites plates

This paper deals with the method of the determination of mechanical properties of composite materials. In order
to ensure high reliability of the structure the actual mechanical properties of the material must be accurately
predicted. In this work it is proposed to use the numerical-experimental identification method. The method is
based on measurements of the dynamic behavior of composite plates and Finite Element simulations. In the
present study instead of direct minimization of the criterion it is proposed to use the method of planning of
experiments. The main advantage of this method is significant reduction of the number of computations of the
criterion. The finite element modeling is performed only in the reference points. The functional to be minimized
describes the difference between the measured and numerically obtained parameters of the response of
structure. By minimizing the functional the identification parameters are obtained.

Pyuesckuc C. Hoenmuguxayus mexanuueckux coiicma y2iepoonozo KOMno3uma.

B 0annoii pabome paccmampusaemcs memoo onpeoeneHus MexXaHU4ecKux Xapakxmepucmux KOMNO3UMHO20
mamepuana. [na mozo umobOvl obecneuumv GblCOKYIO HAOEHCHOCMb KOHCIMPYKYUU, COOMBEMCMEYIOuVIo
CManoapmam, MexaHuvecKue C80UCmea Mamepuana O0Nx#CHbl Obimb onpedeneHvl Hauboree mourno. B pabome
ONUCHIBAEMCA NPUMUHEHUE IKCHEPUMEHINATLHO — YUCL08020 Memoda udeHmuduxayuu. Memoo ocnosan Ha
OUHAMUYECKOM IKCHEpUMeHme NAACMUHbL U3 KOMNOSUMHO20 MAMEPUANId U npUMuUHeHuem Memood KOHEeYHbIX
anemenmos. Bmecmo npamoti mumumusayuu Kpumepus 8 pabome UCHONb3YemMcd Memood NAAHUPOBAHUA
aKcnepumenmos. Inagnoe 00CMOUHCMEO OaHHO20 Memoda — 3HAYUMENHOe COKpaujeHue KOoauuecmsd
sbiyucienull kpumepus. Pacuémel Memooom KOHEUHbIX 3INeMEeHmo8 NpOU3EOOAMC MONbKO Ol MOoYeK
NONYYEHHbIX MeMOOOM NIAHUPOSAHUS IKCHEPUMEeHmMos. DPYHKYUOHAN MUHUMU3AYULI ONUCHIBAemCs pasHuyell
MeAHCOY IKCNEPUMEHMATHBIMU OAHHLIMU U OAHHBIMU, NOLYYEHHbIMU NYyMéM ebluucienull. Hoenmugurayonmvle
napamempbol HAX00AMCsA NYyMém MUHUMUZAYUYU QYHKYUOHATA.
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