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The cuttlebone-like structure is a complex porous bionic structure with asymmetric sinusoidal
S-shaped wall structure connecting laminar septa, and studies have shown that the cuttlebone-like
structure has light weight, high strength and excellent energy absorption capability. It has become
an important research to investigate the mechanical mechanism of cuttlebone-like structure and to
design a bionic structure beyond nature structure based on it. In order to investigate the mechanical
properties of the static compression and shearing processes of the cuttlebone-like structure, this
paper establishes theoretical formulas and analyzes the influence of dimensionless parameters such
as height-to-thickness ratio A, period-to-thickness ratio £ and amplitude to period ratio 1 on the
compression and shearing processes with the help of ABAQUS finite element software.The parameter
sensitivity analysis method was used to compare the important influence degree of each dimensionless
parameter on the mechanical properties of the structure and to determine the relative optimal
parameters of the structural mechanical properties under compression and shearing. Based on the
relatively optimal parameter of the cuttlebone-like structure, the cross-sectional geometry of the
structure is improved to build a new cuttlebone-like structure.The experimental results showed that
the new cuttlebone-like structure with revised cross-section improved the mechanical properties of
the cuttlebone-like structure.The study results are of theoretical guidance to enhance the mechanical

properties and geometric design of cuttlebone-like structures.
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I. INTRODUCTION

With billion years of natural evolutionary selection,
each creature in nature has its own unique characteristic-
s.Scholars have been inspired by various creatures in na-
ture and have built bionic structures. Jiang et al[l] ana-
lyzed the microstructural characteristics of beetle sheath
wings by observing the cross-sectional microstructure of
beetle sheath wings and designed a porous structure
formed by the crossover of transverse hollow tubes and
longitudinal hollow tubes. Ma et al[2] investigated the
microstructure of shell pearl layer and found that it is
a multi-level ”brick-mud” structure with alternating cal-
cium carbonate and organic matter, which has the me-
chanical properties of high strength and high toughness.
Meyers et al[3] investigated the beak structure of the tou-
can and found that this beak consists of a foam-like in-
ternal sandwich structure and an angular shell, which
is similar to the traditional composite sandwich panel

structure and has excellent characteristics of light weight
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and high strength. The bionic structures have excel-
lent mechanical properties and 3D printing technology,
also known as Additive Manufacturing, provides techni-
cal support to realize the manufacturing and processing
of bionic structures[4-12], which make bionic structures
have a wide range of research directions and application
prospects in various fields such as aerospace, architecture,

marine, and medical[13-19].

Scholars[20—-23] have found that the internal structure
of cuttlebone consists of parallel layers, and the inter-
layer core structure is a porous structure consisting of
asymmetrically twisted S-shaped walls. It is due to this
special structure that cuttlefish can resist large hydro-
static pressures in deep-sea environments(100-400m) and
ensure their survival. Therefore, the structure of cuttle-
fish bone has been increasingly studied in depth. Mao et
al[24] proposed a design of a cuttlebone structure based
on the study of cuttlebone, and also developed a core

structure similar to cuttlebone by 3D printing. The ex-
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perimental results showed that the designed structure has
the characteristics of light weight, high strength, and high
energy absorption capacity. In summary, the cuttlebone-
like structure based on the cuttlebone structure is a core
structure with excellent mechanical properties.

In this paper, of the

cuttlebone-like wall structure under compression and s-

the theoretical analysis

hearing is carried out by small deformation theory, and
the variable parameter analysis of the cuttlebone-like
structure under compression and shearing is carried out
by using the finite element software ABAQUS. Inspired
by the cuttlebone-like wall structure, this paper devel-
oped a new cuttlebone-like core structure by 3D print-
ing, and analyzes the mechanical properties of the new
cuttlebone-like core structure under compression and s-
hearing with the help of finite element and experimental
methods. The results of the study provide a reference for
the theoretical study and structural design of cuttlebone-

like structures.

II. MECHANICAL PROPERTY ANALYSIS OF
CUTTLEBONE-LIKE STRUCTURE

A. Basic parameters

Mao et al.
CT) scan tomography to obtain fully complex cuttlebone

[24] used X-ray microcomputer(Micro-

structures. In order to design simple structure, Mao et al.
[24] simplified the structural characteristics of the cuttle-
bone structure to a sinusoidal S-shaped wall structure,
and the designed dimensional parameters were propor-
tional to the values of the natural cuttlebone structure.
This paper delves into the influence of structural features
and design parameters on the structure. The schematic
diagram of the structure is shown in Figure 1 (the cross-
sectional area and height of the wall structure remain
unchanged to ensure that the total volume of the wall

structure remains the same).

Referring to the numerical magnitude of the natural
cuttlefish bone structure obtained from the study of Mao
et al. [24], we set the parameter thickness h = 0.33mm,
the period-to-thickness ratio & = % = 9 ~ 18, the
height-to-thickness ratio A = % = 30 ~ 60, the am-

1 2 3 4 5

plitude to period ration = % = 15> 15 15 15 15 density

p= 0.18g/crr137 modulus of elasticity £ = 1420MPa and
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Poisson’s ratio v = 0.3 (as shown in Fig.1).
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FIG. 1: Schematic diagram of structure and cross-section.
a) Straight wall structure; b) Symmetrical S-wall structure;
¢) Asymmetric S-wall structure. P, A, h and L respectively

represent period, amplitude, thickness and height.

To identify the different asymmetric S-shaped wal-
| structures, they are named according to the ratio of
amplitude to period between the top and bottom. For
example, S4-S2 means Nupper : Mower = 15 : 15 = 4 : 2
asymmetric S-shaped wall structure model, S2-S2 mean-
S Nupper : Mower = 1—25 : 1—25 = 2 : 2 symmetric S-shaped
wall structure model, and SO-SO denotes the straight-wall
structure model. The S3-S1,53-S2,54-S1,54-S2,54-S3,S5-
S1,5S5-S2 structures are cuttlebone-like structures.

Referring to the cross section of the straight wall struc-
ture in Fig.1a, the basic equation for establishing the mo-
ment of inertia of an area around the x-axis by taking a
half-cycle is I, = fs y2dS, where dS = %dy is the dif-
ferential region, x and y are the reference axes, and the
y-axis is orthogonal to the x-axis. Therefore,

[Ny

5P,  PK
L 27T

2

I, = (1.1)

where P is the period of the sine curve and h is the thick-

ness representing the perpendicular to the y direction.
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Similarly, themoment of inertia of an area around the

y-axis is

T hP3
I :/ ha?de = (1.2)

96

»lu

Since the period P is much larger than the thickness h,

I, < I, the structure is prone to bending and buckling

around the x-axis direction. When the number of periods

is m, the moment of inertia of an area of the straight-

walled structure is

mPh?
12

Io = (1.3)

Referring to the cross section of the symmetric S-
shaped wall structure in Fig.1b, y; = A - cos%ﬂx, Yo =
A- cos%’rz +n,dS = g(arccos Y57 — arccos 4 )dy, estab-
lishing the equation for the half-cycle moment of inertia

of an area around the x-axis as

I, :/deS
s

P
:/S ;yQ(arccos yT — arccos %)dy

h
P, Y
= [ Tyrh- LAV
/0 7Ty( arccosA) y+
—h

A
P —h
+ / (—y? arccos Y — arccos g)dy—l—
h ™

A A
A
P, y—nh
— —A)d
+/Aih(7ry arccos =— )dy
_ PhA*  PAR* PK?

. 14
4 + s + 16 (14)
Similarly, the moment of inertia of an area around the

y-axis is

P
, s
I, = / hatds = " (1.5)

z 96

When the amplitude A is larger, I, is larger than I,
and the local structure is buckling around the y direction.
When the amplitude A is small, I, is lower than I,,, and
the structure is easy to bend around the x-axis. When
the number of periods is m, the moment of inertia of an

area of the symmetric S-shaped wall structure is

AmPAR?

mPh3
T

When the amplitude P of the wall structure takes 0,

the symmetric S-shaped shaped wall structure degener-

I, = mPhA? + (1.6)

ates to a straight wall structure, and its moment of inertia
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3 . . .
of an area becomes mIZ" . Since the moment of inertia

of an area of the symmetric S-shaped wall structure is
different from that of the straight wall structure around
the axis, the coefficients of the equations for the moment
of inertia of an area of the degraded symmetric S-shaped
wall structure differ from those of the straight wall struc-
ture. Therefore, this paper increases the discount factor
ko to obtain the equation of moment of inertia of an area
of the symmetric structure around z’ axis approximately

as (ko is the discount factor)

mPhA%2  4A4mPAR? mPh?
+ + .

I =
0 k‘o 7Tk‘0 12

(1.7)

B. Theoretical development and finite element

analysis of structures under compression

In order to investigate the relationship between the
compressive capacity and each parameter of S-shaped
structures under compression. With the help of the Eu-
lerian critical buckling equation mentioned by Mao et al.
[24], a linear buckling theory model formulation for the

cuttlebone-like structure was developed.
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FIG. 2: Study of linear buckling of wall structures under com-
pression. a) Schematic diagram of cuttlefish-like bone struc-
ture and buckling of wall structure under compression. b)
Finite element and curve fitting of symmetric S-shaped wal-
1 structural buckling. c) Finite element and curve fitting of
cuttlebone-like wall structural buckling. d) Finite elemen-
t and curve fitting of the S4-S2 wall structural buckling for
different values of £. & and )\ respectively represent the period-

to-thickness ratio and height-to-thickness ratio.
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From the above, when the amplitude A is larger,
I, > I,, the symmetric S-shaped structure is locally
buckling around the y-axis direction. When the ampli-
tude A is small, I, < I, the symmetric S-shaped struc-
ture is bending and buckling around the x-axis direction
as in Fig.2a.

The basic Eulerian critical buckling equation is estab-
lished as
w2 Ely
CEL?
Eq.(1.7) is substituted into Eq.(2.1)

Fbulk:ing = (21)

2 2
Fouiking 7 Emly  7w°F

B -~ kL2B 7]ngIB
mlg
mE

L2mnP
mPhA2 | 4mPAR?2 | mPh3
ko + TkQ +7

Obulking =

2 1 A2 4 A 1
T E(o e T h t19)

L2
k=

, (2.2)

where Fyuiring is the critical buckling load; opuiking is
the critical buckling compressive stress; E is the material
modulus of elasticity; Iy is the moment of inertia of an
area(which depends on the geometry of the section); k is
the correction factor; B is the area of the section(B =
m - h- P); and m is a positive integer.

Considering the effect of the period P of the x-axis
on the critical buckling stress, Eq.(2.2) is changed to E-

q.(2.3)

ol

2 1 P2 A 4 P 1
i E(*f*g*l—rkoﬁ +ﬁ)

(2.3)

Obulking —

Since the height-thickness ratio £ = ), the period-

n
thickness ratio % = ¢, the amplitude to period ratio
% = 7, and the correction factor % = k1, the substi-
tution into Eq.(2.3) yields
T2 BE2?
k12

A7 EEn m’E
kA2 12kgA2”

(2.4)

Obulking =

Considering the asymmetric S-shaped structure, simpli-

fying the first two terms of Eq.(2.4) and distinguishing

the parameters of the upper and lower section 7 values,

the result is

T B (apper + Nigwer) | T°E
2ko A¢ 12koA2”

where ko is the correction factor, ¢ is a real number,

(2.5)

Obulking =

Nupper 15 the upper amplitude period ratio, and Mower

is the lower amplitude period ratio.
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To verify the reasonableness of the formula, the lin-
ear buckling results of the simulated wall structure in
ABAQUS were compared with the theoretical curves. As
shown in Fig.2b,c,d, the results basically match. Com-
paring Fig.2b,c, it is found that the cuttlefish-like bone
wall structure has a better compression resistance com-
pared to other wall structures. Observing Fig.2c,d, it is
found that when the height-thickness ratio A is greater
than 60, the wall structure is in integral buckling and
the buckling compressive stress is inversely proportional
to the A, proportional to the n of the upper and low-
er section(Nypper/tower) and &; when X is less than 60,
the wall structure exhibits local buckling for larger buck-
ling stresses, but no longer satisfies the theoretical equa-
tion. The above results verified that the amplitude to
period ratio Nupper /lower of S3-S1,53-52,54-51,54-S2,54-
S3,55-5S1,55-S2 structures, the height-thickness ratio A of
30 ~ 60, and the period-thickness ratio £ of 9 ~ 18 can
increase the bending stiffness of the wall structure and
improve the overall structural compressive capacity.

To further analyze the effect of different parameters
on the compressive capacity of the structure, the three-
dimensional compression model (size 30mm x 30mm X
15mm) was established as in Fig.2a and the mechanical
properties of the structure were analyzed by Abaqus soft-
ware. Fig.3a compares the curves of the simulated and
experimental[24] results for the S0-S0, S2-S2, and S4-S2
structures of £ = 15 and A = 45, and Figure 3b,c respec-
tively show the specific compressive strength of the struc-
tures of { = 15 and A = 45 at different 7,,per/10wer under
finite element and experimental[24]. The comparison of
finite element and experimental results are basically con-
sistent, which verifies the accuracy of the finite element
results. Fig.3d shows the magnitude of the compressive
strain energy of the structure of £ = 15 and A = 45 at
different nypper /iower values. Combined with Fig.3c,d, it
is found that the S4-S2 structure in the cuttlebone-like
structure has a large compressive strength and energy ab-
sorption capacity at the same time. Therefore, Fig.3e,f
provides a more in-depth analysis of the effects of dif-
ferent ¢ and A on the compressive strength and strain
energy of the S4-S2 structure. As in Fig.3e, the compres-
sive strength of S4-S2 structure decreases continuously as
A increases, and the S4-S2 structure has the maximum
strain energy at A = 45. As shown in Fig.3f, the S4-

S2 structure has the maximum compressive strength at
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FIG. 3: Study of the mechanical properties of structures under compression. a) Compressive stress-strain curves for the three

models S0-S0,52-S2,54-S2. b,c) Compressive strength of various symmetric S-shaped and asymmetric S-shaped structural

models under finite element and experimental[24]. d) Compressive strain energy of various symmetric S-shaped and asymmetric

S-shaped structural models under finite elements. e,f) Compressive strength and strain energy of S4-S2 model with different

& and A values under finite elements. h, A, P, 0., and E. respectively represent the thickness, amplitude, period, specific

compressive strength, and compressive strain energy.

& =12 and the S4-S2 structure has the maximum strain
energy at £ = 15.

Combining the formula with the finite element, the
analysis results show that increasing the 7ypper iower and
& will increase the bending stiffness of the wall structure
and make the wall structure change from overall buck-
ling around the x direction to local buckling around the
y direction; when the n,,per/iower and & is too small, the
wall structure degenerates into a straight wall structure
with less bending stiffness and the bearing capacity de-
creases; when the 7ypper /1ower and § is too large, the cor-
rugated local thickness of the wall structure is too thin
to buckle and the bearing capacity decreases. The analy-
sis results also show that as 7,,per/1ower INCTEASES, it Will
reduce the bending stiffness of the wall structure; when
Nupper /lower 18 t00 small, the bending stiffness of the wall
structure will be too large, be prone to material damage,
and decrease the load-bearing capacity of the structure;

when 7ypper /1ower 18 too large, the bending stiffness of the

wall structure will be too small, be prone to structural
damage, and decrease the load-bearing capacity of the
structure. In summary, the effects of different parame-
ters on the structure were analyzed under compression.
For further analysis, we will further analyze the shearing

properties of the structure.

C. Theoretical development and finite element

analysis of structures under shearing

In addition to the excellent compression resistance, the
excellent shearing resistance of the cuttlebone-like struc-
ture is also an important feature. The following section
will mainly study the relationship between the shear-
ing strength and each parameter of the cuttlebone-like
structure under shearing. Firstly, a schematic diagram

of structural shearing is established as Fig.4a.
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FIG. 4: Linear deformation analysis of wall structures un-
der shear loading along the y-axis. a) Schematic diagram of
shearing of cuttlefish-like bone structure and shearing defor-
mation of wall structure along y direction. b) Finite elemen-
t’s and experimental[24] shear stress-strain curves for three
models of S0-S0,52-S2,54-S2 under shearing along the y-axis
direction. c,d) Finite element and theoretical curve fitting of
linear deformation of symmetric S-shaped wall structure and
cuttlebone-like wall structure under shearing along the y-axis

direction.

To analyze the shearing deformation of the structure a-
long the y-direction, the shearing deformation equation is
established with reference to the principle of D’Alembert
principle[25] as

El,

Substituting Eq.(1.7) into Eq.(2.6) yields

F  Emly A E
T = — =

B KL’BL  jpLB°

m]o
E
T LZmhP €
m(7shPA2+ S-h2P A+ 15 h3P)
1 P2 A% 4 PA 1
_EGowr t e ne T 1) o7
- L2 € ( . )
kiz

Since the height-thickness ratio % = ), the period-

thickness ratio % = ¢, the amplitude to period ratio
% = 7, and the correction factor If—o = kq, the substi-

tution into Eq.(2.7) yields

€, AL 1  Ee

TG T ke

(2.8)
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where F is the shearing load; 7 is the shearing stress;
K is the stiffness; A is the shearing displacement; ¢ is
the shearing strain; E is the modulus of elasticity; I is
the moment of inertia of an area(which depends on the
geometry of the cross-section); k is the correction factor;
B is the cross-sectional area; L is the plate height(B =
m - h- P); and m is a positive integer.

Considering the asymmetric S-shaped structure, sim-
plifying the first two terms of Eq.(2.8) and distinguishing
the parameters of the n of upper and lower section, the
result is

_ B apper + Miower) _
2ko A2 ’

where ky is the correction factor, 7ypper is the upper am-

(2.9)

plitude to period ratio, and 7wer is the lower amplitude
to period ratio.

A three-dimensional shearing model (size 20mm x
17.5mmx15mm) is created as in Fig.4a. Fig.4b compares
the finite element and experimental®* curves of SOCSO,
S2CS2 and S4CS2 models under the shearing along the
y-axis direction. The results show that the linear stage
of the structure before shearing failure is basically con-
sistent(the simulation object is an ideal shear model, so
the structure loses the shearing bearing capacity after
failure, but the uneven material in the experiment leads
to a certain bearing capacity after failure), which verifies
the accuracy of the finite element results. As shown in
Fig.4c,d, the simulation results of the structure in the
linear shearing deformation stage basically meet the the-
oretical formula, and it is found that the cuttlebone-like
structure has better shearing resistance than other struc-
tures. In order to analyze the influence of different pa-
rameters on the mechanical properties of the structure,
Fig.5a,b are the specific shearing strength and shearing s-
train energy of the structure of £ = 15 and A = 45 under
different 7,pper/iower Dy the finite element. It is found
that the S4-S2 structure in the cuttlebone-like structure
has large shearing strength and energy absorption abili-
ty. For further analysis, Fig.5c,d considers the influence
of different £ and A on the shearing strength and shear-
ing strain energy of S4-S2 structure. As shown in Fig.5c,
the shearing strength of S4-S2 structure decreases with
the increase of A, but the shearing strain energy increas-
es. As shown in Fig.5d, the shearing strength of S4-S2
structure increases with the increase of £, and the shear-

ing strain energy is the largest in £ = 12. Combined with
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FIG. 5: Study of the mechanical properties of structures under shearing. a,e) Shearing strength along the y and x-axis for

various symmetric S-shaped and asymmetric S-shaped structural models under finite elements. b,f) Shearing strain energy

along the y and x-axis for various symmetric S-shaped and asymmetric S-shaped structural models under finite elements. c,g)

Shearing strength and strain energy along the y and x-axis for S4-S2 structural models with different A in finite elements. d,g)

Shearing strength and strain energy along the y and x-axis for S4-S2 structural models with different £ in finite elements. h,

A, P, 05, and E; respectively represent thickness, amplitude, period, specific shearing strength, and shearing strain energy.

the theoretical formula and finite element method, the
results show that increasing the 7,,per/iower and & can
increase the shearing stiffness of the structure and im-
prove the shearing capacity of the structure. When the
Nupper Jlower a0d € are too small, the shearing stiffness
of the structure is insufficient, and the shearing capacity
of the structure decreases; When the nypper/iower and §
are too large, the structure and the connection surface
are prone to material damage, resulting in a decrease in
the shearing capacity of the structure. The results still
express that the increase of A will reduce the shearng s-
tiffness of the structure and weaken the shearing capacity
of the structure; when A is too small, the shearing stiff-
ness of the structure is too large, the structure is prone
to material shearing failure, and the shearing capacity of
the structure decreases; when A is too large, the shearing
stiffness of the structure is insufficient, and the shearing
capacity of the structure decreases.

In addition to the shearing analysis of the structure
along the y-axis direction, the shearing capacity of the
structure under shearing along the x-axis direction is al-
so studied. According to the specific shearing strength

and shearing strain energy of the structure with different

Nupper Jlower DY the finite element in Fig.5e.f, it is found
that the cuttlebone-like structure of S3-S1, S3-S2, S4-
S1, S4-S2 types have relatively excellent specific shearing
strength and shearing strain energy. Combined with the
above, the S4-S2 structure is selected as the invariant to
further analyze the influence of £ and A on the shearing
capacity of the structure along the x direction. As shown
in Fig.5g,h, the S4-S2 structure has the maximum shear-
ing strength and shearing strain energy at A = 45 and
¢ = 12. Combined with the research[26] and the finite el-
ement results, when the 7,pper/10wer and & are large, the
stiffness of the section along the x direction decreases and
the shearing capacity is weak; when the nyp,per /iower and
& are too small, the structure and the connection surface
are prone to material damage, and the shearing capacity
is weak; when the A value is large, the shearing capacity
of the cross section along the x direction is weak; when
the A value is too small, the structure and the connection
surface are prone to material damage and the shearing

capacity is weak.
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IIT. DESIGN AND ANALYSIS OF NEW
CUTTLEBONE-LIKE STRUCTURES

Based on the above analysis, when £ is 15 and A is
45, the S4-S2 structure has relatively excellent mechan-
ical properties. Therefore, on the basis of S4-S2 struc-
ture, the new cuttlebone-like structure is improved, and
the mechanical properties are analyzed by finite element

method as shown in Fig.6.

FIG. 6: Design and finite element analysis of new cuttlebone-
like structures. a) S4-S2 type wall structure and new
cuttlebone-like wall structures schematic diagram under com-
pression and shearing. b) Comparison of compressive and s-
hearing strength between S4-S2 structure and new cuttlebone-
h, A, P, 0 and L re-
spectively represent thickness, amplitude, period, angle and
height.

like structures under finite element.

It can be seen from the above that structures increases
the stiffness by increasing the section modulus, so as to
improve the compressive and shearing resistance of the
structure. The section is improved to elliptic(where the
0 value can change the shape of the ellipse) as shown
in Fig.6. In order to ensure that the improved struc-
ture has the same volume and section area as the o-
riginal structure, the section thickness is Nypper/iower =
2 w2

. s represents the arc length of the ellipse
center line[27, 28]). S4-S2 structure takes thickness
h = 0.5mm, upper section amplitude A,pper = 2, low-
er section amplitude Ajoper = 1, period P = 7.5mm,
height L = 22.5mm. New cuttlebone-like structures
takes section upper angle 0,,per = 90,60, 30, lower sec-
tion angle Ojpper = 90,60,30, upper section thickness
hupper = 0.3,0.28,0.24mm, and lower section thickness
hlower = 0.4,0.38,0.34mm.

cuttlebone-like structures are the same as those of S4-

The parameters of new
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S2 structure. The three-dimensional compression mod-
el(size 45mm x 45mm x 22.5mm) and three-dimensional
shearing model(size 25mm x 25mm x 22.5mm ) were es-
tablished, and the mechanical properties of the struc-
ture were analyzed by finite element method as shown in
Fig.6b. In order to facilitate the identification of differ-
ent new structures, it is named according to the angle
between the upper and lower section. For example, 890-
090 represents a model of Oypper = 90 and Gjpper = 90
structure. It is found in Fig.6b that the compressive
strength and shearing capacity along the y direction of
new cuttlebone-like structures are greatly improved com-
pared with those of the S4-S2 structure. Although the
shearing capacity along the x direction will decrease, it

is still 2 to 3 times larger than that in the y direction.

In order to further study the mechanical properties
of the new cuttlebone-like structure under compression
and shearing, the experimental model was obtained by
SLA880 3D printer and the compression and shearing
experiment were completed by MTS electronic univer-
sal testing machine. The experimental material used
C-UV9400E photosensitive resin, material density p =
1.15g/crr137 elastic modulus £ = 2700MPa, Poisson’s ra-
tio v = 0.3. It is found that the 6;,,6, of the structure
has little effect on the overall structural deformation and
the Oypper end will have a great influence on the struc-
tural deformation. Therefore, this paper selects S4-S2,
090-690, 860-090, 660-690 as the deformation diagram of
the experimental comparison, as shown in Fig.7. Fig.7a
shows the compression experimental results. Both S4-52
and 690-090 structures show local buckling at the upper
section. 660-090 structure shows global buckling simi-
lar to shearing deformation, and #30-090 structure shows
global bending buckling. It can be seen from the stress-
strain curves that the compressive capacity of the struc-
tures decreases continuously after buckling, and 660-690
and 060-060 structures have more excellent compressive
capacity than the S4-S2. Fig.7b shows the shearing ex-
perimental results in the y direction. The deformation
stage consists of three stages from material deformation
to failure stage, of which #60-690, #60-060, §30-090 and
030-630 have better shearing capacity along y direction
than S4-S2 structure. Fig.7c shows the shearing experi-
mental results in the x direction. The S4-S2 structure is
characterized by the overall fracture failure of the mate-

rial at the section of the larger amplitude, and the 6890-
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Model 660-690 Model 630-690

FIG. 7: Analysis of mechanical properties of new cuttlebone-like structures under experiment. a) The compressive stress-strain

curves and experimental results of S4-S2 structure and new cuttlebone-like structures under compression. b) The shearing

stress-strain curves and experimental results of S4-S2 structure and new cuttlebone-like structures under shearing along y-

axis. ¢) The shearing stress-strain curves and experimental results of S4-S2 structure and new cuttlebone-like structures under

shearing along x-axis.

090, 060-090 and 630-090 structures are characterized by
shearing buckling to the fracture failure of the material
at the section of the larger amplitude. It can be seen
from the stress-strain curves that the material fracture
failure of the structure after reaching a certain deforma-
tion, and #60-690, 060-060 and 0#60-630 structures have
more excellent shearing capacity along the x direction
than the S4-S2. Based on the experimental results un-
der compression and shearing, the proposed new 660-690
structure has better compression and shearing resistance
than all structures, and its compressive stress, shearing
stress along y direction and shearing stress along x direc-
tion are respectively increased by 7.9%, 32.8% and 14.9%
than S4-S2 structure.

IV. DISCUSSIONS AND CONCLUSIONS

In this paper, the numerical simulation method is used
to study the mechanical properties of the compression
and shearing process of the cuttlebone-like structure.
Combined with the theoretical formula and the numerical

simulation results, the mechanical mechanism is analyzed

by parameter sensitivity analysis method, and the influ-
ence of geometric parameters on the mechanical prop-
erties is analyzed. Combined with the research results,
designed new cuttlebone-like structures were verified by
finite element and experiment, and the following conclu-

sions were obtained :

(1)The effects of dimensionless parameters such
as amplitude-period ratio, period-thickness ratio and
height-thickness ratio on structural mechanical proper-
The rationality of the

theoretical model and the parameter range of the struc-

ties are analyzed theoretically.

ture is preliminarily verified, which provides a theoretical

basis for the analysis of the cuttlebone-like structure;

(2)This paper analyzes the mechanical properties of
the structure under different amplitude to period ratio,
period to thickness ratio and height to thickness ratio
by finite element method. The research results verify
that the cuttlebone-like structure can ensure the effec-
tive compression and shearing stiffness and significant-
ly improve the compression and shear resistance of the
structure relative to the straight wall structure and sym-

metric S-shaped wall structure. It was determined that
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the S4-S2 structure of the cuttlefish-like bone structure
with zi as 15 and lambda as 45 has relatively excellent
mechanical properties;

(3)The analysis results show that the mechanical prop-
erties of some new types of cuttlebone-like structures
under static compression and shearing are better than
those of the S4-S2 shaped cuttlebone-like structure. The
mechanical properties of the new 660-090 structure were
absolutely improved compared with those of the S4-S2
shaped cuttlebone-like structure, in which the compres-
sive stress, shear stress in y direction and shear stress in
x direction were respectively increased by 7.9%, 32.8%
and 14.9%;

(4)The research results provide a reference for the im-
provement of the mechanical property and the geomet-
ric configuration design of the cuttlebone-like structure.

However, further research is still needed for the expansion

d0i:10.20944/preprints202204.0286.v1
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and application of the cuttlebone-like wall structure, and
more in-depth exploration is still needed for the multi-
layer structural mechanics principle of the cuttlebone-like

structure.
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