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Introduction
Wing morphing can drastically improve the mechanical and 

aerodynamic performance of the aircraft [1-3].  Flexible skin is 
very important to design morphing structures. The study of cell 
structures for flexible skin is of practical importance and has been a 
subject of interest for engineers and researchers.

In the past few decades, all kinds of cellular structures 
with positive and negative Poisson’s ratio have been proposed 
for flexible skins for its lightweight and high stiffness, such us 
conventional hexagonal honeycombs with positive Poisson’s ratios 
[4-9] and negative positive Poisson’s ratios [10-21]. However, non-
zero Poisson’s ratio can unavoidably limit their applications on 
one-dimensional deformations. So, a lot of cellular structures with 
zero or close to zero positive Poisson’s ratios have been studied by 
researchers [22-26]. In the previous study, researchers employed 
the theoretical analysis, finite element methods, and experiments 
to study the elastic properties, including elastic moduli and shear 
moduli.

However, the flexible skins can inevitably contain cracks during 
service, which has bad effects on the mechanical properties of 
the flexible skins. However, there are few kinds of literature on 
the effects of the cracks on the mechanical properties of cellular 
structures.   So, in this paper, the finite element method is used 
to study the elastic properties of a cracked cellular with close to  

 
zero positive Poisson’s ratios proposed by the authors [26]. Some 
effective moduli are obtained in this study.

Geometrical Model

Figure 1: The unit cell of the structure.

Figure 1 shows the unit cell of the proposed structure. The unit 
cell possesses parallel aligned vertical beams and trapezoidal beams 
between the vertical beams. The detailed geometry of the unit cell 
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Abstract 
The elastic properties of a cracked cellular structure of close-to-zero Poisson’s ratio with trapezoidal beams are studied by the finite element 

method in this paper. The effects of the crack length and crack angle on the non-dimensional equivalent modulus, including elastic moduli in the 
x-direction, y-direction, and the shear moduli are analyzed. The numerical results indicate that the degree of reduction in the non-dimensional 
equivalent modulus due to the crack depends on the crack angle and length.
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can be determined by the following parameters in Table 1. The 
following non-dimensional geometrical parameters are also defined 
to study the elastic properties of the structure: /th h l=  (height-to-
length ratio of the trapezoidal beam), /tt t l=  (thickness-to-length 

ratio of the trapezoidal beam), /tg g l=  (spacing-to-length ratio of 
the trapezoidal beams), /hsl lµ =  (horizontal sub-beam proportion 
ratio along x-direction), /v tt tη =  (vertical beam to trapezoidal 
beam thickness ratio ), /tb b l=  (cell depth-to-length ratio).

Table 1: Detailed geometry parameters of the unit cell.

Name Symbol

Length in the x-direction of the trapezoidal beam l

Height in the y-direction of the trapezoidal beam th

The thickness of the trapezoidal beam tt

Length in the x-direction of each horizontal sub-beam   hsl

Pacing in the y-direction between two adjacent trapezoidal beams tg  

Is the thickness of the vertical beam vt  

Is the height in the y-direction of the vertical beam vl  

Full-scale models of 20x20 unit cells with a central crack is 
shown in Figure 2. As shown in Figure 2, the length of the crack is 
2a, and the inclined angle of the crack is θ .

Figure 2: The geometry of the full-scale structure with a central 
crack.

Finite Element Modeling
A three-dimensional model is created in the commercial soft 

package ABAQUS. 8-node shell elements are used in this study. 
In this paper, the non-dimensional geometrical parameters were 
fixed as 1h = , 0.1t = , 1g = , 1η = . The non-dimensional equivalent 
elastic modulus in the x-direction, y-direction and shear modulus 
is defined as / , / , /x y xyE E E E G E  respectively. The effects of the 
crack length and crack angle on the non-dimensional equivalent 
modulus are studied. The moduli E and Gxy are then obtained as 
the ratios between the averaged stresses and the imposed strains. 
The homogenized stresses are calculated by averaging the reaction 

forces along the direction of the imposed displacement over the 
boundary. The boundary conditions are listed in Table 2.

Table 2: Boundary conditions on the FE models.

Boundary Ex Ey Gxy

Left Side 1 2 3 0u u u= = =   Free 1 2 3 0u u u= = =  

Right Side
1u imposed=   

2 3 0u u= =  
Free

2u imposed=  

1 3 0u u= =  

Upside Free
2u imposed=     

1 3 0u u= =  
Free

Downside Free 1 2 3 0u u u= = =   Free

Results and Discussion
The typical deform shapes of the cracked structure are shown 

in Figure 3.

Figure 3: Typical deform shapes of the cracked structure :(a) 
loading in the y-direction, (b) loading in the x-direction, (c) loading 
in in-plane shear.
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The effects of the crack length on the non-dimensional 
equivalent modulus

In this part, the inclined crack angle is fixed at 90°. The crack 
length ratio /a W is selected to be 0.125,0.25,0.375,0.5,0.625, 

where W is the half width of the structure. Figure 4 shows the 
effects of the crack length on the / , /x yE E E E  and  /xyG E .

As we can see from Figure 4, crack length has a great effect 
on the non-dimensional equivalent modulus. All three equivalent 
modulus decrease with the increase of the crack length.

Figure 4: Effects of the crack length on the non-dimensional equivalent modulus: (a) /xE E  ,(b) /yE E   ,(c) /xyG E

The effects of the crack inclined angle on the non-
dimensional equivalent modulus

In this study, the crack length ratio /a W  is fixed at 0.5. The 
inclined crack angle θ  is selected to be 0 ,15 ,30 ,45 ,60 ,75 ,90      

. Figure 5 shows the effects of the crack inclined angle on the 
/ , /x yE E E E and /xyG E .

It can be seen in Figure 5, /xE E decreases with the increase 
of the inclined angle of the crack while /yE E  increases with the 
increase of the inclined angle of the crack. However, it is complicated 
for /xyG E . /xyG E firstly, decreases with the increase of the inclined 
angle when θ it is less than 60°. When 60θ >   /xyG E increases 
with the increase of the inclined angle.
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Figure 5: Effects of the crack inclined angle on the non-dimensional equivalent modulus: (a) /xE E  ,(b) /yE E   ,(c) /xyG E

Conclusion
In this paper, the finite element method is used to study the 

elastic properties of a cracked cellular structure of close-to-zero 
Poisson’s ratio with trapezoidal beams. The effects of the crack 
length and crack angle on the non-dimensional equivalent modulus, 
including elastic moduli, are analyzed. From the numerical example, 
we can see that the equivalent modulus decreases with the increase 
of the crack length, while the effect of the crack inclined angle on 
the equivalent modulus is complicated.
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