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Fig. 1  Schematics of the grid sandwich structure and the cell
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Table 1 The deflections u /L of the top face layer calculated with the 3 methods

n 2 4 6 8 10 12 14 16 18 20
FEM 0.0081 0.0407 0.0949 0.1707 0.2680 0.3870 0.5275 0.6895 0.8732 1.0779
ref.[ 22] 0.0110 0.0440 0.091 0.176 1 0.2752 0.3962 0.5393 0.7043 0.8914 1.1005
present 0.0108 0.0432 0.0972 0.1728 0.2700 0.3889 0.5293 0.691 3 0.874 9 1.080 1
124 —O— present
1.0
0.8 1
~
<> 0.6
0.4
0.2 1
0.0
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Fig. 2 The deflection curves of the cantilever grid sandwich beam
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Table 2 The effect of the relative thickness of top and bottom face layers on maximal

deflection u,,,,,, of the grid sandwich beam
/L 0.02 0.04 0.08 0.10 0.20
L present 1.076 1 1.079 7 1.081 8 1.083 1 1.094 1
u}'ll\d»
’ FEM 1.078 0 1.077 7 1.072 9 1.067 6 1.010 8

R 3 M XIS R X AR J2 R i KAE w0 BOSETR

Table 3 The effect of the relative thickness of webs on maximal deflection u,,,, of the grid sandwich beam

t3/L 0.02 0.04 0.08 0.10 0.20
L present 1.080 1 1.079 7 1.076 5 1.073 1 1.024 0
u max
’ FEM 1.074 6 1.077 7 1.075 1 1.072 6 1.046 3

R4 AR JE B XA R SRR R A w0 BIFEIR

Table 4 The effect of the relative thickness of the core on maximal deflection u . of the grid sandwich beam

H/L 0.5 1 2 3 4 5
L present 2.159 1 1.079 7 0.539 3 0.358 8 0.268 3 0.213 8
u’»'max
’ FEM 2.153 6 1.077 7 0.538 20 0.358 40 0.267 64 0.215 86

R 2~FR AN T b T RIZAX R BE , R AR S T J3E A1 e AR X JBE JBE 6T A Al oJe J= 22
DEREIRKRAE u,,,, BUREMALANGR 2 Froi b B SRIZ AN PR RS M A 2 B S fie KA i A
NAIASOTTESA BROCTTETT R AR L R FRIZAXT S BE AR M I 2 268 I e R AEL A 32
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Fig. 3 The effect of the relative length on maximal Fig. 4 The effect of the temperature difference on maximal
deflection u,,,,,, of the grid sandwich beam deflection u, ,, of the grid sandwich beam
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Equivalent Micropolar Thermoelastic Analysis of
Thermal Bending for Grid Sandwich Beams

ZHANG Rui' ,  SHANG Xin-chun'
(1. National Center for Materials Service Safety, University of Science and
Technology Beijing, Beijing 100083, P.R.China;
2. Department of Applied Mechanics, School of Mathematics and Physics,
University of Science and Technology Beijing, Beijing 100083, P.R.China)

Abstract: The thermal bending of the grid sandwich beam was considered to be equivalent to
the deformation of the micropolar thermoelastic beam under thermal load, and the control e-
quations of thermal deformation for the equivalent micropolar thermoelastic beam were estab-
lished based on the plane micropolar thermoelastic theory, with the expression of the thermal
displacements given. The material parameters of the equivalent micropolar thermoelastic beam
were obtained with the cell energy equivalence method. The example cantilever grid sandwich
beam’ s thermal bending deformations calculated according to the proposed analytical equiva-
lent micropolar beam model and the numerical ANSYS FEM were compared. The results from
the proposed analytical method are perfectly close to those from the numerical mothod, which
validates that the equivalent micropolar thermoelastic beam is a simple and effective model to

simulate the thermal deformations of grid sandwich beams.

Key words: grid sandwich beam; thermal bending; micropolar thermoelasticity; homogeniza-
tion method
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