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Abstract

Irregular honeycomb structures occur abundantly in nature and in man-made products, and are an active area of
research. In this paper, according to the optimization of regular honeycomb structures, two types of irregular hon-
eycomb structures with both positive and negative Poisson’s ratios are presented. The elastic properties of irregular
honeycombs with varying structure angles were investigated through a combination of material mechanics and
structural mechanics methods, in which the axial deformation of the rods was considered. The numerical results show
that axial deformation has a significant influence on the elastic properties of irregular honeycomb structures. The
elastic properties of the structure can be considered by the enclosed area of the unit structure, the shape of the unit
structure, and the elastic properties of the original materials. The elastic properties considering the axial deformation
of rods studied in this study can provide a reference for other scholars.
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1 Introduction

Honeycomb structures have many excellent character-
istics, such as a higher elastic modulus [1], higher shear
modulus [2], and higher energy absorption [3—6]. There-
fore, negative Poisson’s ratio materials are widely used
in aerospace [7, 8], automobiles, ships [9, 10], and other
fields. Zhang et al. [11] studied a hierarchical regular
hexagonal honeycomb structure. Mukhopadhyay and
Adhikari [12] found that the elastic modulus of irregu-
lar honeycombs was highly influenced by the structural
irregularity in auxetic honeycombs. Yang and Deng [13]
reviewed the development of materials and structures
with a negative Poisson’s ratio and the prospect devel-
opment of porous materials. Lan et al. [14] analyzed a
thin-walled honeycomb structure and investigated the
effects of its structural and material parameters. Upreti
et al. [15] studied honeycomb sandwich composites with
a hexagonal honeycomb core and found that deforma-
tion decreased with increasing face sheet thickness. Thus,
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honeycomb structures have always been of profound
interest to the research community.

Compared with traditional regular structures, irregu-
lar structures are more widely used in engineering appli-
cations owing to their better compressibility [16, 17]
and higher buckling [18, 19]. Other important research
areas related to the study of different honeycomb struc-
tures are their thermal and acoustic properties [20-23].
Therefore, much research has been carried out to pre-
dict the elastic properties of irregular honeycombs [24,
25]. Deng and Yang [26] investigated the behaviors of
functionally graded structures in three different types
of elastic moduli. In the numerical results, it was found
that Poisson’s ratio exhibits appreciable effects on bear-
ing capacity, which indicates that static properties can
be improved by optimal design of cell shape material
distribution and computational methodology. Hu et al.
[27] studied the Poisson’s ratio of re-entrant honeycombs
using numerical and structural methods. Huang et al.
[28] presented a novel zero in-plane Poisson’s ratio hon-
eycomb designed for large out-of-plane deformations
and studied the relationship between in-plane stiffness
and geometric parameters. Wang et al. [29] analyzed the
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elastic modulus and Poisson’s ratio of the re-entrant aux-
etic cellular structure in two principal directions. Bubert
et al. [30] fabricated a skin supported by an accordion
honeycomb and analyzed the in-plane equivalent elastic
moduli in two directions without discussing the modulus
in the third direction. Li et al. [31] studied the dynamic
crushing response of irregular honeycomb structures and
found that the propagation velocity of the stress wave is
different in different honeycomb structures. Liu et al. [32]
analyzed the effect of Poisson’s ratios on the crashwor-
thiness of in-plane honeycombs. Therefore, honeycomb
structures [33], especially irregular structures [34], have
wide research prospects.

In this study, the equivalent elastic modulus and Pois-
son’s ratio of an irregular honeycomb in the o1 and oy
directions are derived using Castigliano’s second theo-
rem, and the internal bending moment, axial defor-
mation, and Poisson’s ratio of the original material are
considered. Finally, the results in this paper are verified
with the results reported in Ref. [24], and the effects of
different structural shapes and axial deformation of rods
on the elastic properties are analyzed. The results show
that when considering the axial deformation, the abso-
lute value of Poisson’s ratio is lower than that without
considering the axial deformation, and the variation in
the structural shape has a slight influence on the elastic
properties.

2 Irregular Honeycomb Structure

Figure 1 shows two types of regular structures: (a) and
(b) are regular honeycomb structures with both positive
and negative Poisson’s ratios. Figure 2 shows two types of
irregular structures: (a) and (b) are irregular honeycomb
structures with both positive and negative Poisson’s
ratios.
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3 Irregular Honeycomb Structures with Positive
Poisson’s Ratio

Figure 3 shows irregular honeycomb structures loaded in

two different directions, where o7 and o7 are uniformly dis-

tributed loads in two mutually perpendicular directions.

3.1 Elastic Modulus in the o1 Direction

Figure 4 shows the structural parameters and force analysis
of rod AB, where b is the thickness of the unit structure, ¢
is the depth of the unit structure, /; and / are the lengths
of the inclined cell walls with inclination angle 6 and the
length of the vertical rod, respectively. The moment M; of
rod AB can be expressed as

_Plll sin 6;

M
! 2

, 1)
where Py =o(h+l1sin61)b is the force in the o
direction.

From the standard beam theory [33], the deflection §45
of rod AB can be expressed as

n lf sin 61

2
12E1 @)
Axial force F’ along rod AB is
F' = p;cosb. (3)
Axial deformation Al can be expressed as
F'L 011
Al = _plCOS 11, (4)

T EA~  Ebht

d
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a Regular honeycomb structure

Figure 1 Regular structures

b Regular negative Poisson’s ratio structure
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a Irregular honeycomb structure b Irregular negative Poisson’s ratio structure

Figure 2 Irregular structures
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a Stress along the o, direction b Stress along the o, direction

Figure 3 Applied tensile stresses in the (a) o1and (b) o directions

where E is the elastic moduli of the original materials, Similarly, the total deformation & of rod BC along the o1
and the total deformation &1 of rod AB along the oy direc-  direction can be expressed as follows:
tion is

3 win? 2
B . B pilysin“6y  picos®Oarly
pil3sin?0;  pycos? b1l 82 = dpc sinfy + Al cos 6 = 12E1 Ebt

12E1 Ebt (6)
(5)

81 = 8apsinb; + AlcosHy =
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Figure 4 Irregular structure diagram and force analysis of rod AB
Combing Egs. (2)—(6), the strain &; parallel to the o7
direction is given by
81+ 62 oy
€1 = = » (7)
l1cosOy +1lycosBy I3 cosO1 + Iy cosOy
where
Bsin%26; cos?6,];
=b|(h+ 1 sin6y)| L
y=b|(+hsin 1)< e T B
Bsin20, cos? 6yl
+(h + Iy sin 6 2 + .
(2 + b sinby) ( 12E] Ebt ®
Figure 5 Force analysis of rod BD
Thus, the elastic modulus Ejy; in the o7 direction can be
expressed as follows:
(I1 cos 01 + [ cos ) where
Eyy = . )
Y w = o9(l1 cos 01 + I3 cos 0y)b,
1=b8 /12, (11)
3.2 Elastic Modulus in the o, Direction

To derive the expression of the transverse elastic modulus,
stress o7 is applied, as shown in Figure 3(b). Figure 5 shows
that the deflection of rod BD consists of two parts: bend-
ing deformation and rotational deformation. The bending
deformation 85,5 caused by the moment M in the o3 direc-
tion can be expressed as

3
S1
WCOSU\ =
= (22 o,

3EI

(10)

My = wsj cota.

Because the rotation angles of the three rods connected
to point B are identical, the rotation angle ¢ of joint B can
be written as

_ Mih b
T L+ L 6EI

(12)

Thus, the deformation 85, of the cell wall with an inclina-
tion angle « in the o, direction is given by:
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Sovr = ¢( o1 (13)

- ) cosa.
sin o

Therefore, the total deformations of rod BD and rod FH
in the oy direction are

3
wcosa Mily 1 s
828D = <(Sma) >c05a+ oA (sinla)cosot,

3EI I + Iy 6EI
(14)
3
wcos S (Smﬁ>
SvarH = 3 cos B
Mily Iy $2
— | = cos 8.
I3+ 14 6EI \sin B (15)

Now, the axial deformations of rod BD and rod FH in the
o9 direction can be expressed as

wsi

Alypp = Tor sina, (16)
wsy

Abry = Tht sin 8. 17)

The deflections 8,zp and 8,Gr of rods AB and GF (Fig-
ure 6) in the oy direction can be expressed as

Figure 6 Force analysis of rod GF
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8vaB = IZ‘IT cos 61, (18)
l4W 3
(l T CoS 04)14
SyGF = At - V% Cos by (19)

12E1

The axial deformation of rods AB and GF in the o, direc-
tion can be expressed as

sin 91 11
Aly = ll+lebt sin 01, (20)

sin 044

law
L3+l sin 0.

Aly = (21)

Thus, the total deformation ;5 of the structure in the o9
direction can be expressed as

82 = 8y28p + 8varn + Abepp + Alorn

+ 8vaB + SvGE + Aly + Al (22)
while Eq. (22) can be rewritten as follows:
8y = we, (23)
where
3
cosar (L) sicotaly Iy (¢ 51
¢= K 3EI ) oS, 6El (sina) cos
3
COSﬁ(smﬂ) sycotaly I S
+( 3EI )COSﬁJr I3+ 1s @(sinﬂ)cosﬂ
<111+l C0501>l ;
+@sma+asmﬂ+ Tcos 1
A n
(l i c0s04>l vy +lz sin 0101
12E cos by + bt sin 61
L
5iL sin G414
+ Ebi sinfy |,
(24)
Strain &5 in the o4 direction can be obtained as
82
&2 = . -
h+s1+sy+1l1sin@; + lgsinby
_ we
~ h+s1+sy+lisin6 + lysin6,’ (25)
where w = oy(l; cos6; + Iy cos6y)b; thus, the elas-

tic modulus in the oy direction of the structure can be
expressed as
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E _Oz_h—l—Sl + 83 + 1 sin 6y + l4 sin 6, 96
W= = (l1 cos 61 + I cos 02 by - (20)

3.3 Poisson’s Ratio vq3
Poisson’s ratios were calculated by taking the negative
ratios of strains normal to and parallel to the loading direc-
tion. Poisson’s ratio v13 of the unit structure can be defined
as

&2

Vig = ——,

81 27)

where €1 and gy are strains in the o7 and oy directions,
respectively, due to the load in the o direction. In addi-
tion, &1 can be obtained from Eq. (7) and &y can be
expressed as
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3.4 Poisson’s Ratio v,

Poisson’s ratio of a structure for loading in the oy direc-

tion can be expressed as
al

V21 = v (31)

)

where ¢ and ¢} are the strains in the o7 and o3 directions,

respectively. €} can be obtained from Eq. (23) as

wo
h+s1+sy+ 1 sin€) + Ly sin 6y’

&) = (32)
where w = oy(l; cos6y + Iy cosBy)b, and 8/1 can be
obtained as

;o SvaB1 +8vBc1 wg'

1= _11 cosf; + Iy cosfy _11 cos 6 + I cos By’
(33)

81+ 85
f2= Chds; 4+ sy +11sin6; + lysin@y (28)  where 8,451 and dypc1 are the deformations in the o;
direction due to the load in the oy direction
where
. 12 sin 0; cos 0 i
{ 8] = bapcosy + Alsinfy = 1’1113 s‘fzglf"s 9‘ - 29)
8y = 8GF cosby + Alsin 6 = S0 pala Sin 95 cosfy
The Poisson’s ratio of a structure in the o7 direction can L 0.\ 3 0.\
be expressed as / Ll €O801)0 h+h €0S%2)h
P =—-————72 sinf; + sin 6
12E1 12E1
8" +85) (I cos 0y + I cos O Lo L ..
Vig = ( 1 2>( 1 1 : 2 2) : ) 1141_12 sin 61 1142-12 sin 6y
(81 + 82)(h + 81 + 53 + [ sin By + I3 sin 3) e s 01 + > cos 6y
(30) (34)

a Stress along the o, direction

Figure 7 Tensile stresses along the (a) o1and (b) o directions
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b Stress along the &, direction
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a Force analysis of rod AB

W
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b For?:e analysis of rod GF

Figure 8 Force analysis of rods AB and GFf in the oand o directions, respectively

Thus, Poisson’s ratio vy of a structure in the oy direc-
tion can be expressed as

@' (h + s1 + sy + I sin 0y + I3 sin 03)
Vo1 = .

@(l1 cosby + Iy cos6) (35)

4 Irregular Honeycomb Structure with Negative
Poisson’s Ratio

Figure 7 shows the irregular honeycomb structures

loaded in two different directions. o7 and oy are uni-

formly distributed loads in two mutually perpendicular

directions.

4.1 Elastic Modulus in oqDirection

Figure 8 shows the force analysis of rods AB and GF in
the o1 and o9 directions, respectively. E£ is the elastic
modulus of an irregular structure with a negative Pois-
son’s ratio and has the same value as an irregular struc-
ture with a positive Poisson’s ratio. The elastic modulus
Ei in the o7 direction can be obtained as described in
Section 3.1:

(l1 cos 61 + I cos 6)

E = 36
1 y (36)
where
Bsin%6; cos?0,;
=b|(h—1lsin6)| 2
v [( Lsim 1)< REl T Emt

Bsin20,  cos? 0yl
h—lysin6y) [ 2 .
+h = bsin 2)< 126 Ebt -

4.2 Elastic Modulus in the o5 Direction

The elastic modulus of structures with a negative Pois-
son’s ratio can be obtained as described in Section 3.2.
Thus, the strain go] in the oy direction can be obtained as
follows:

1)
" h4s1 48y —1lysin6; — lysinfs
_ we
T h4s1+5sy— L sin®; — lysinfy’

€21

(38)

where w = 04 (l; cos 01 + I cos67)b.
Thus, the elastic modulus of Eé in the oy direction can
be expressed as

091 h+s1+sy—1l1sinf; — lgsinfy

B=_= , (39
2 e (l1 cos 01 + I cos 02) by (39)
where
3
— Cosa(si‘:nloz) sycotaly [ S1
- <3EI Cosa+ ll+12 a<sina>cosa

3
COSﬁ(siifﬁ) sy cotaly Iy S
T C‘”“m@(smﬁ)mﬂ

I 3
(11+12 cos@l)l1

+ % sina + % sin 8 + T3E cos 01
Iy o, 13 Il .
LiL Cos 4) 2 1 sinoil
2 1T 0
12E] cos bty + bt sin 61
A sin 9414
JEE RO 94} .
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4.3 Poisson’s Ratio v,

To derive Poisson’s ratio for an irregular structure, the
mechanics formula is calculated to obtain Poisson’s
ratio in the o7 direction:

(41)

where €] and &/ are strains in the o7 and oy directions,
respectively, due to the load in the o7 direction. v’12 is
Poisson’s ratio in the oy direction, &] can be obtained
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Equivalent elastic modulus
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Figure 10 Elastic modulus £;with variation of angle 6 in the o7

from Eq. (7), and €} can be expressed as direction
8// + 8//
ey = e —, (42)
h+s1+ sy —Ilpsin@y — I3sin 63
where 87 and 8} can be expressed as
s =38 0; + Alsin6; = p113 sin 61 cos 6y + p1ly sin 6y cos;
1 = 0AB COSU] sinby = 5 ;251 . Ebt ’ (43)
8] = 8gr cosbs + Alsinfy = P2a STZL?ICOS 4 4 pola Sl%,% cos by
Thus, Poisson’s ratio v}, of a structure in the o1 direc-  where
tion can be expressed as
I 3 Iy 3
(ﬁ cos@1)11 (ﬁ 00592)12
Vo (51’ + Sg) (1 cos 1 + I cos B7) ' ¢ = i 212E] sinf; + 1+ 212E[ sin 6,
12 (61 + 82)(h + s1 + so — [y sin 6y — I3 sin B3) ; L
44 —1—sin 6; —2— sin Oy
(44) + hHZEht cos 6 + thleT cos 6,.
(46)

4.4 Poisson’s Ratio v5,
Poisson’s ratio 1/21 of a unit structure in the oy direction
can be obtained from Section 3.4, as follows:

5 Results and Discussions
In this study, the geometric configuration of the unit

vh = _ ¢/ (hts1 45— bsiny — l3sin 93)’ (45) Structure with a fixed enclosed area is defined, as shown
@(l cos 61 + I cos 07) in Figure 9.
0.03m - 0.03m-
0.03~/3m - 0.08m)
0.03v3m+
0.04m -

a Positive Poisson’s ratio structure
Figure 9 Structure parameter geometry with the same enclosed area

b Negative Poisson’s ratio structure
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Figure 11 Elastic modulus £, with varying 6;angle in the o, direction
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Figure 13 Poisson’s ratio with varying 67 angle in the o, direction
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Figure 12 Poisson’s ratio vq, with varying 6;angle in the o direction

Figure 9 shows two structures: a positive and a nega-
tive Poisson’s ratio structure, which are analyzed with
the same enclosed area, where b = 0.01 m, ¢ = 0.01 m,
the original material is aluminum, and the elastic modu-
lus is 70 x 10° Pa. To obtain the elastic properties, the
enclosed area of the structure is fixed in this study, so
the variation in 0; can only influence the structure shape.
According to the structure in Figure 9, when the value
of 67 is 30°, 34.3°, 40.9°, 45°, and 49.1°, 6, becomes 90°,
75° 60°, 53.8°, and 49.1°, respectively, and the irregular
structure becomes symmetrical when 6; = 6y = 49.1°,
which has the same structure as the regular honeycomb
structure.

5.1 Elastic Properties of Structure with Positive Poisson’s
Ratio

The equivalent elastic modulus of the positive Poisson’s
ratio structure due to changes in 6; is shown in Figure 10,
where E is the equivalent elastic modulus in the o direc-
tion, Ey is the equivalent elastic modulus of the regular
structure obtained from Ref. [24], and Ej, is the equiva-
lent elastic modulus without considering axial deforma-
tion of rods. It can be seen that when 0; = 6, = 49.1°
(structure becomes regular), the equivalent elastic mod-
ulus reaches the maximum value, and Ej, has the same
value as E,. Because the structures are identical when
01 = 0y = 49.1°, the correctness of the results obtained in
this study is verified. When the axial deformation of the
rods is considered, the elastic modulus in the o7 direction

1.2x10°

)
=
o L
g 8.0x10 E,
% ——F,
g 6.0x10° |-
i
4.0x10° . . . . . . .
30 343 409 45 491 538 60 75 90
Angle of 6,(" )

Figure 14 Elastic modulus £} with varying 6angle in the o direction

is lower than that without considering the axial deforma-
tion of the rods. When 6; changes, the values of the elas-
tic modulus of the regular structure are higher than those
of the irregular structure.

Figure 11 shows the equivalent elastic modulus of the
positive Poisson’s ratio structure due to changes in 6; in
the o direction. E, is the equivalent elastic modulus of
the regular structure obtained from Ref. [24]. E, is the
equivalent elastic modulus calculated without consider-
ing the axial deformation in the oy direction. When the
01 angle is 49.1° (structure becomes a regular structure),
the equivalent elastic modulus reaches the maximum
value and Ejy has the same value with E,; this proves the
validity of the calculation results of this study. With the
increase of structural irregularity, differences between E,
and Ej, decrease gradually. It can be seen that structure
shape and axial deformation have a significant influence
on elastic modulus.

Poisson’s ratio in the o7 direction with variation in
01 is shown in Figure 12. v, is the Poisson’s ratio of the
regular structure obtained from Ref. [24]. vyy, is the
Poisson’s ratio without considering axial deformation
in the o7 direction. When the 6, angle is 49.1° (structure
becomes regular), vis, has the same value as v, and the
results obtained from Ref. [24] are the same as the values
obtained in this study; this verifies the correctness of the
obtained results. It can be seen that when 6; is lower than
49.1°, Poisson’s ratio gradually decreases. Axial deforma-
tion has a significant influence on Poisson’s ratio, and
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Figure 15 Elastic modulus £} with varying 6;angle in the o, direction
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Figure 17 Poisson’s ratio with varying 6;angle in the o direction
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Figure 16 Poisson’s ratio with the variation of angle 6 in o direction

when the 6; angle is 49.1°, the Poisson’s ratio of the struc-
tures reaches the minimum value.

Figure 13 shows the variation of v»; with different struc-
tural shapes in the o3 direction. v is the Poisson’s ratio of
the regular structure obtained from Ref. [24]. v31y is the
Poisson’s ratio without considering the axial deformation
in the oy direction. When the 6; angle is 49.1° (structure
becomes regular), v21, and v, have the same value; this
verifies the validity of this study. It can be observed that
cell angle 6; influences v;. Poisson’s ratio considering
axial deformation is lower than that without considering
axial deformation, and positive Poisson’s ratio structures
reach the maximum value in 49.1 °.

5.2 Elastic Properties of Structure with Negative Poisson’s
Ratio

The equivalent elastic modulus of the positive Poisson’s
ratio structure due to changes in 6; is shown in Figure 14,
where E, is the equivalent elastic modulus of the regular
structure obtained from Ref. [24], E}, is the equivalent
elastic modulus of the irregular structure without con-
sidering axial deformation, and Ej is the equivalent elas-
tic modulus of an irregular structure considering axial
deformation. It can be seen that £ and E;, have the same
value when 0; = 6, = 49.1°, which verifies the correct-
ness of the results in this study, and the equivalent elastic
modulus of the structures reaches the maximum value at
01 = 49.1°. When the 0; angle changes, the elastic modu-
lus decreases with an increase in structural irregularity.

1.0x10"

8.0x10°

6.0x10°

4.0x10°

Equivalent elastic modulus

2.0x10°

0.0

30 343 409 45 49.1 53.8 60 75 90
Angle of 6,(" )

Figure 18 Equivalent elastic modulus of two structures in the oyand

o directions

Figure 15 shows the equivalent elastic modulus of the
negative Poisson’s ratio structure due to changes in 6; in
the oy direction. E}’, is the equivalent elastic modulus of
the regular structure obtained from Ref. [24]. Eéy is the
equivalent elastic modulus calculated without consid-
ering axial deformation in the oy direction. When the
01 angle is 49.1°, the equivalent elastic modulus reaches
the maximum value and Ej is the same value with the
result reported in Ref. [24]; this verifies the correctness
of the results obtained in this study. The elastic modulus
considering axial deformation is lower than that with-
out considering axial deformation, and the difference
between them reaches the maximum value when 0; =
49.1°. Whether or not the axial deformation of the rod is
considered has a great influence on the equivalent elastic
modulus.

The Poisson’s ratio of the negative Poisson’s ratio struc-
ture in the o1 direction is shown in Figure 16. v is the
Poisson’s ratio of the regular structure obtained from Ref.
[24]. v},, is the Poisson’s ratio without considering the
axial deformation in the o7 direction. v’12 is the Poisson’s
ratio considering the axial deformation in the o7 direc-
tion. When 0; = 6, = 49.1°, the Poisson’s ratios of the
structure reaches the maximum value and v}, has the



Wang and Deng Chin. J. Mech. Eng. (2021) 34:51

same value as v}, verifying the correctness of the results
obtained in this study. The consideration of axial defor-
mation has a negligible influence on Poisson’s ratio in the
o1 direction. When the 6; angle is lower than 49.1°, v’m
increases with an increase in the 0; angle, and when 0; is
higher than 49.1°, v}, decreases with an increase in the
01 angle.

Figure 17 shows the variation in vp; with different
structural shapes in the oy direction. VJ/, is the Poisson’s
ratio of the regular structure obtained from Ref. [24]. v},
is the Poisson’s ratio without considering the axial defor-
mation in the o, direction. When the cell angle 6; is 49.1°,
vy, and V/12y reach their minimum values. The value of
V/12y without considering axial deformation is the same as
the results of Ref. [24] at an angle of 49.1°. Figure 17 also
shows that the Poisson’s ratio considering axial deforma-
tion is higher than that without considering axial defor-
mation, and the difference between them reaches the
maximum value when 6; = 49.1°.

Figure 18 shows the equivalent elastic moduli of the
irregular structures in the o7 and o9 directions. Ei, Eqy,
Ey, Evy, E}, E},, Ejand Eéy are the equivalent elastic mod-
uli obtained from Figures 10, 11, 12, 13, 14, 15, 16 and 17.
It can be seen that the equivalent elastic moduli in the o
direction is higher than those in the o7 direction. When 6;
=0 = 49.1°, the equivalent elastic moduli in the oy direc-
tion reach the maximum value, and Ej, is the same value
with Eqy. The axial deformation of rods has a significant
influence on the equivalent elastic moduli. The equiva-
lent elastic moduli in the o7 direction have insignificant
variation when 6; varies.

Figure 19 shows the Poisson’s ratio of the irregular
structures in the o7 and oy directions. v12, V12x, V21, V2145
Vig VigeVap and vy are the equivalent elastic moduli
obtained from Figures 10, 11, 12, 13, 14, 15, 16 and 17.
Notably, the value of vo1, is higher than the rest. The
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Figure 19 Poisson’s of two structures in the o7 and o directions
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absolute value of the Poisson’s ratio in two structures
reaches the maximum value. Moreover, vi2, V12, and v},,
v}, have similar values, respectively. Whether or not the
axial deformation is considered has little influence on the
Poisson’s ratio of the structure.

6 Conclusions

In this study, two types of irregular honeycomb struc-
tures were studied using material mechanics and struc-
tural mechanics methods. Considering axial deformation
of rods, the elastic properties of irregular structures with
different structure shapes were studied. Compared with
the results reported in Ref. [24], the results were in good
agreement.

The results show that when the enclosed area of the
irregular honeycomb structure is fixed, the equivalent
elastic modulus and Poisson’s ratio of the structure will
vary with varying structure shape. The 6; angle has a
significant influence on the equivalent elastic modulus.
When the structure is regular, the absolute value of the
elastic modulus and Poisson’s ratio in the o9 direction
reaches the maximum value, and the Poisson’s ratio in
the o7 direction reaches the minimum value. The elastic
properties of the structure considering axial deforma-
tion are higher than those without considering the axial
deformation. Therefore, the elastic properties of irregu-
lar structures can be achieved by the axial deformation of
the rods, structural shapes, and original materials.
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