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Abstract—At present the study of mechanical properties of
new quasi-honeycomb sandwich structure’s core research,
ignored the thickness of quasi-honeycomb cell wallthat is,
when establish finite element model of the structure, pick up
the same thickness of quasi-honeycomb cell wall of modeling;
While in practice, the hexagonal hypotenuse of the
quasi-honeycomb unit cell should be double. In response to
this problem, in consideration of the unit cel thickness
conditions, re-derive the effective elastic constants of new
guasi-honeycomb sandwich structure’s core and compared
with those of hexagonal honeycomb sandwich structure, and
the results show that both equivalent dastic moduli are
approximately equal, but the quasi-honeycomb sandwich
structure is endowed with higher equivalent shear modulus
and lower equivalent body densty, thusthetotal structure
mass can be effectively reduced.

Keywords-Sandwich  structure; Quasi-honeycomb;
equivalent elastic constants; numerical smulation.

[.  INTRODUCTION

With the rapid development of today's industrial
equipment technology (such as high-grade numerical
control machine) and transportation (e.g., aerospace
aircraft, high-speed locomotives, ships), the design and
preparation for high performance engineering materials
has been put forward higher requirements, such as: light
weight, high strength, high toughness, more functional
applications, etc.[1-4] In addition, as it depends on the
development of new typed high-precision manufacturing
technology, the manufacturing cost is fairly high. In this
case, to improve the design or innovate the configuration
of the present matured honeycomb sandwich structure’s
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core is of significant innovation and engineering
application value. Therefore, Dr. Li Xiang, from the
perspective of bionics and innovation of configuration,
raises the concept of new quasi-honeycomb sandwich
structure[5], proposed that by optimizing the arrangement
of hexagon and trapezium unit cell, to construct a brand
new new quasi-honeycomb sandwich structure[6-10].

II. MECHANICAL EQUIVALENT MODEL OF
QUASI-HONEYCOMB SANDWICH

STRUCTURES

According to the Gibson’s unit cell theory,selecting
the most basic hexagon and trapezium composition unit
of honeycomb sandwich as the cell unit. The structure and
geometry relations of the cell unit (later referred to as unit
cell) are shown in figure 1.
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Fig.1. Structure and physical dimension of
quasi-honeycomb sandwich unit cell

To analyze its equivalent mechanical performance, the
simplified model of cell unit is built[5], as is shown in
figure 1, under the premise of considering the flexibility
of the cell wall. The thickness of | equals 2t .Using
force balance principle, the material mechanics beam
bending theory and knowledge of the conservation of
mass, the equivalent mechanical parameters of the
honeycomb sandwich layer are presented, as is shown in
figure 2.
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Fig.2 Force diagram of part cell of quasi-honeycomb core

III. SANDWICH EQUIVALENT ELASTIC
CONSTANTS IN X DIRECTION DERIVATION

As shown in Figure 1(a), according to the force

equilibrium conditions:
M = % Plsinqg (1)
P =s A =S (h+lsing)b )
M —node bending moment of quasi-honeycomb
core, N'm;
P, —external force of quasi-honeycomb core, N;
A —sectional area of quasi-honeycomb core in x
direction derivation, m*;

b —height of quasi-honeycomb core, m.

according to beam flexure theory, the flexibility of
AB:

PI’sing
W =——— 3)
12E,|
let | = % b(2'[)3 (inertia  moment) into
equation(3):
W = PI’sing @
' BEDt’

according to Hooke's Law,extensional capacity of
panel AB is:

S . P, cosq

I
d =epl =—21 = — (5)
R = 2bt  E,
S X
SINE is the line strain of panel AB,
S
P cos
= 5 C0sq is the positive stress.
2bt
Simultaneously, extensional capacity of panel BC is:
S P. h
d, =egch=—2%1=2— 6)
E bt E

S

According to Hooke's Law,equivalent strain€_, in x
direction derivation:

DI, _ wsing +d, cosq +d,

e, =—= (7
o | cosg +h
Let equation (4),(5) into equation (7):
_ P(I’sin*q +4t’l cos*q +8t*h) ®

& 8EJt* (I cosq +h)
Simultaneously, equivalent strain€,, in y direction

derivation:
o _D _Weosq-dsing _Rsinqeosql(I*- 4¢)
7 ly h+lsinq 8E.b(h+Ising)t’
)




According to the definition of Poisson’s ratios,
equivalent Poisson’s ratios of quasi-honeycomb core in x

direction derivation N :

2 :% _asqth, singjocsy1- 4°/1%)
YTe| e, Tsmqtb srqradq 47+ T
(10)
whereb = h/I

According to the definition of elastic modulus,
equivalent elastic modulus of x direction of hexagonal

cell of honeycomb sandwich core E_:

& costh, 1
£ ==

e, sing+ si'g+es’q” 48 /17 +h” & /17
(11)
Simultaneously, equivalent Poisson’s ratios of

quasi-honeycomb core in y direction derivation N o'

_§ _smb,  smuql-4'/P)
Ve "o, wab @igritg £/F45 £/P)

(12)
S t' sing+b., 1

Cell size of t I h
core(mm) 0.05 5 10
Sandwich E.(GPa) | N, re

material(aluminum) 70 0.26 | 2780kg /M’

According to the formula (14) we can obtain the
equivalent elastic constants of the aluminum
quasi-honeycomb,and compare with the
honeycomb,shown in table 2

E.. (MPa) E, n, n, | G,M

(MPa) Pa)
New 1.159 1.159 | 0.996 | 0.996 | 0.0134
old 0.162 0.162 | 0.999 | 0.999 | 0.0404

E, =2 =5
o
(13)
equivalent elastic modulus of y direction of hexagonal
cell of honeycomb sandwich core ECy :

where b =h/l , t —thickness of the

h —width of hexagonal cell of honeycomb sandwich
core, | —the short edge length of hexagonal cell of

honeycomb sandwich core, ( —angle between the
hexagonal short side and the horizontal side,

Es —elastic (Young’s) modulus of core’s material,

core,

E., —equivalent elastic modulus of X direction of

hexagonal cell of honeycomb sandwich

EC

y

core,
—equivalent elastic modulus of Y direction of

hexagonal cell of honeycomb sandwich core, chy
—equivalent shear modulus of core on the XY plane,
Nee V, —equivalent Poisson’s ratios of core.

The sandwich panel’s sandwich is aluminum
honeycomb, made of 2024 aluminum alloy material. Its

yield strength is 758 MPa, density ist ( = 2780kg / n,
other data is shown in table 1.

Table 1 : Size parameters of quasi-honeycomb sandwich
panel for the structure

e I’ cosg+b  cos’g+sin’q” 4t /17 +b” & /17

Table 2: Comparison between honeycomb and
quasi-honeycomb

IV. CONCLUSIONS

The study presented in this paper is aimed at the
equivalent mechanical properties of quasi-honeycomb
core. Using sandwich plate theory and the Gibson
formulas, in consideration of the unit cell thickness
conditions, re-derive the effective elastic constants of new
quasi-honeycomb sandwich structure’s core,compared
with those of hexagonal honeycomb sandwich
structure. The results show that the mechanical properties
of the sandwich structure of the new quasi-honeycomb
superior mechanical properties of conventional
honeycomb sandwich structure.
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