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Load identification of arbitrary positon for composite
plates and shells

SONG Zhen, ZHENG Shi jie

(The Aeronautical Key-Laboratory for Smart ™M aterials and Structures,

College of Aerospace Engineering, Nanjing University ofAeronautics and Astronautics,

N anjing 210016, ~China)

Abstract: ‘A discriminance\method was-proposed to identify the element with concen-

trated load, which was judged by the geometrical relationship between the abscissa, vertical

coordinates of load point generated from genetic algorithm ( GA) and four edges of every ele-

ment. Furthermore, the load was allocated to nodes of the element by the equivalent distri-

bution principle. Finally, the location of arbitrary concentrated load was identified by finite

element analysis and the superior global search capacity of GA. Compared with the identifi-

cation methods of neural network and inverse finite element analysis method. The presented

method is able to identify the concentrated load locating at the interior of a element, and the

numerical examples show that this method has higher accuracy.

Key words: genetic algorithm; load identification; finite element method;

equivalent distribution; self-diagnosis
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A XA, yA 31
lm, Smm, :
2.3 Ho= L= 0. 14, G= 3.79 GPa, E1= E2= 21.63
GPa. 20x 20 4
, lmm  PZT (4, 4),
s (4,17),(17,4),(17,17) 1
, [3] ,
D 1
Table 1 Identification results of rectangular plate
/! %
SfIN x/ m y/ m A/ f Ax/ x Ay/y
( ) ’ ’ 2.000° 0.650" 0.650°
0.5 2.011 0.6511 0.6502 0.550 0.169 0.031
2.024  0.642 0.664 T 1.20) 123 215
, 6.000"" 0.450" 0.450°
6.000 0.4505 0.4496 0 0.111 0. 089
5.8840.458 0:460, 193 178 222
, 3.2
. 3 ) lm,
) ’ 0.1m, s 4
2 3 2
, 0.2 .
no n Ei= 108 GPa, E:= E;= 10.3GPa,
Gi= Gun= Giz= 7.17GPa,
3 Hia= b= Hiz= 0. 28.
. 1~ 3 * [aY
? * h fa) [
1,3 [34], !
2
O bR S
’ a PRI BT E
3 PZT
400 Fig.3 Grid of circular plate and the PZT location
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PZT dau= dis= 650x 10" * C/N.

Ei= E2= 66. 7GPa, FEs3= 52.6GPa, 2

Gi= 25.3GPa, Gxn= Giz= 45.5GPa, ,

M2 = 3= 0. 32, Hiz= 0. 6, X 4
ds= dn= - 185x10 " C/N, , 2
d»= 400x 10" C/N, 4
2
Table 2 Identification results of circular plate
! %

fIN x/ m y/ m f"IN 2"/ m y*/m Af/fT Ax/x” Ay/y"
15.549 0.4799 0.4700 15.55 0. 48 0.47 0.006 0.021 0
12.342 0.3201 0.4501 12.35 0. 32 0.45 0.065 0.031 0.022
16.520 0.5612 0.6779 16.58 0. 56 0.68 0.362 0.214 0.309
12.915 0.1910 0.4996 12.95 0. 19 0.50 0.270 0.526 0.080
16.547 0.7771 0.4198 16. 66 0. 78 0.42 0.678 0.372 0.048
0.52 418
0.46F
oaob T DLRARRE YOS

Ep mes R A bR Rk stk 16

Bt K/ BEARTR BB 1L >,
g
114
0.16L - ; , .y
0 100 200 300 400
AR B
5
4
Fig.4 Variation of recognition results with Fig. 5 Piezoelectric laminated shell
the age of iterations 3

3.3

14% 14

Table 3 Identification results of the composite shell

! %

IN o« y AfIE A/ o
[- 45°7/45°/ - 45745, SIN  ximm ylmm  Af/f  Ax/x Ayl

L Smm 200 108.9° 90.7
3 9 1908 107.7 91.0 100 1.10  0.33
[4] 21.4  105.5 92.5 7.00 3.12 1. 98
[4] 32" 163.4° 108.9
i 3.4 166.1 109.5 1.88 1.65  0.55
10 % 10 : 333 177 109.8 406 508 0.8
) 32" 163.4° 145.1°
[4]. 31.8  164.0 145.0 0.63  0.37  0.07

30.1 171.0 152.1 5.94 4. 65 4. 82



2228

25

[1]

[2]

[3]

[ 4]

Haywood J, Coverley P T, Staszewski W J. An automatic
impact monitor for a composite panel employing smart
sensor technology [ J]. Smart Materials and Structures,
2005, 14( 1) : 265 271.
Chandrashekhara K, Okafor A C, Jiang Y P. Estimation of
contact force on composite plates using impact—induced
strain and neural networks[ J].Composites Part B: Engr
neering, 1998, 29(4): 363 370:
[J]. , 2004, 36(\4) : 491- 495.
ZHOU W anlin, WANG Xinwei, HU Zili. On load-identifr
cation for piezoelectri¢ smart structures|J]. ActaM echant
ca Sinica, 2004, 36(4) : 49F 495.(in Chinese)
R . RBF
[J]. ,2008,25(3): 64-67.

DONG Huili, ZHENG Shijie. Load identification for a
composite laminated shell using radial base function neural
network [J]. Engineering Mechanics, 2008, 25(3): 64 67.
(in Chinese)

[J]. , 2009,
26(3) : 330-335.
ZHENG Shijie, GUO Tengfei, DONG Huili, et al. Load t

dentification of piezoelectric structures by using genetic at

[7]

[9]

[10]

[11]

[12]

[13]

[14]

gorithm and finite element analysis[ J]. Chinese Journal of
Computational Mechanics, 2009, 26(3): 330 335. (in Chr
nese)
Hagan M T, Demuth H B, Beale M H.
, . : ,2002.
Hagan M T, Demuth H B, Beale M H. Neural network de
sign[ M]. Translated by DAI Cai. Beijing: China Machine
Press, 2002. (in Chinese)

[M].

[J]. , 2000, 22(5): 17-19.

WANG Shufa, WU Yueqin, LI Zhuogiu. Finite element irr

verse analysis of load identification for intelligent struc

tures[J]. M echanics in Engineering, 2000, 22( 5): 17 19.

(in Chinese)

Gaul L, Hurlebaus S. Identification of the impact location

on a plate using wavelets[ J]. Mechanical Systems and Sig

nal Processing, 1998, 12( 6) : 783 795.

Meo M, Zumpano G, Piggott M. Impact identification on a

sandwich plate from waveé propagation responses| J] . Conr

posite Structures, 2005, 71(3 4) : 302-306.

Gual LyHutlebau's S. Determination of thé im pact force on

a plate by piezoelectric film sensors[ ]}~ Archive of Applied

Mechanics, 1999, 69( % 10) : 69F 701.

Hu-N; Fukunaga H, Matsumoto S. An efficient approach

for identifying impact force using embedded piezoelectric

sensors| J]. International Journal of Impact Engineering,

2007,34(7) : 1258 1271.

ZHENG-Shijie, WANG Xinwei, CHEN Wanji. T he formu

lation of a refined hybrid enhanced assumed strain solid

shell element and its application to model smart structures

containing distributed piezoelectric sensors/ actuators| J].

Smart Materials and Structures, 2003, 13(4): N43 N50.
[J]. )

2004,26(4) : 321-324.

ZHENG Shijie. The comprehensive investigation of eight

node piezoelectric solid element [ J]. Piezoelectrics and

A coustoptics, 2004, 26(4) : 321-324. (in Chinese)

[JI. ,2004,21(2): 164 168.

ZHOU Wanlin, WANG Xinwei. Inverse finite element a

nalysis of load on piezoelectric thin plate smart structure

[ J]. Chinese Journal of Com putational M echanics, 2004, 21

(2):164-168. (in Chinese)



