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Influence of Geometric Parameters on Mechanical Response of
Concentric Cylinders with Centrosymmetric Lattice
Dejun Jia1, Fanchun Li, Zhijie Liu, Yuan Zhang
(School of Ship and Ocean Engineering, Dalian Maritime University, Dalian, 116026)
Abstract: A design method of centrosymmetric lattice structure is proposed. The centrosymmetric
lattice is applied to the lightweight design of concentric cylindrical structures. Combining
homogenization method and finite element method, the advantage of centrosymmetric lattice
concentric cylinder in reducing the maximum stress is verified, and the stress distribution of
centrosymmetric lattice concentric cylinder is more uniform along the circumference; two kinds of
centrosymmetric lattice solids are selected, and the parametric method is used to study the
influence of three parameters on the static response of a centrosymmetric lattice concentric
cylinder under axisymmetric surface pressure.The results show that the maximum stress of the
central symmetric concentric cylinder is less than that of the parallel array lattice cylinder under
axisymmetric surface pressure;the stress distribution of the cylinder under axisymmetric load is
periodic along the circumference, and the stress distribution of the concentric cylinder is more
uniform than that of the parallel array lattice while the centrosymmetric lattice is applied to the
lightweight design of concentric cylinder; the maximum stress increases with the increase of
inside thickness and decreases with the increase of outside thickness; the increase of lattice section
size will reduce the stress of outside and lattice of concentric cylinder, while the maximum stress
of inside is less affected by the size of lattice section.
Keywords: Centrosymmetric Lattice; Concentric Cylinders; Lightweight design; Axisymmetric
load.
1 Introduction
With the increasing demand for lightweight design of components in many industries and the
continuous development of metal additive manufacturing technology, in recent years, lightweight
structures including metal lattice structures have been widely used in aerospace, medical devices
and other mechanical engineering related fields[1]-[15].The application of lattice structure in
lightweight design of parts can not only reduce the structural quality of components, but also
adjust the geometric size and distribution of lattice structure in parts according to the specific
design requirements, so as to change the equivalent elastic modulus and structural stiffness of
components, so as to change the mechanical response of parts. In particular, in the field of
aerospace, combined with additive manufacturing technology, the application of lattice in the
lightweight design of aircraft structure and parts can greatly reduce the structural mass of aircraft
and increase the effective carrying of aircraft[16]-[18].
In order to make the lattice structure have better mechanical properties, scholars have carried
out a lot of research on lattice structure performance analysis, optimization design and
manufacturing technology[19]-[21]. The above research work studies the lattice structure from
different aspects, and provides technical reference for the optimization design of lattice structure.
However, the lattice structures mentioned in these studies are usually obtained by parallel arrays
rather than structure adaptive. [22]-[25] and other studies applied the self-adaptive lattice in the
1
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lightweight design of the structure. In addition, compared with the parallel array lattice, the
structural adaptive lattice has better structural integrity in irregular lightweight area, which can
effectively reduce the structural imperfection and further eliminate the stress concentration.
Compared with the irregular structure, such as the compressor impeller, the revolution
structure has regular geometric shape. However, if the parallel array points are used in the
lightweight design of this kind of revolution structure, when the axisymmetric load is applied, the
stress and deformation of the structure will be uneven along the circumference. In this case, an
obvious asymmetric deformation will occur in the structure, which makes the stress distribution
more uneven[16]-[18].
Centrosymmetric lattice can be a kind of adaptive lattice for revolution structure.
Centrosymmetric lattice is a kind of lattice structure, which is obtained by arranging a single
lattice element around a fixed axis at an equal angle. When a revolution structure, such as a
compressor impeller, is subjected to an axisymmetric load or a load with the characteristic of
uniform distribution along the circumference of the revolution structure, if the centrosymmetric
lattice is used instead of the parallel array lattice for lightweight design, its stress distribution and
deformation distribution are relatively uniform.
Since centrosymmetric lattice is a special form of structural adaptive lattice, some design
methods for structural adaptive lattice can be used in lightweight design of revolution structure.
However, because there is no specific consideration of the particularity of centrosymmetric lattice
structure compared with the general structure adaptive lattice structure, the lightweight design
method of centrosymmetric lattice structure considering the particularity of revolution structure
may have better performance. In addition, there are few researches on the parametric design of
adaptive lattice structure, especially on the revolving structures. However, this kind of research
can evaluate the influence of lattice structure parameters on the mechanical response of
lightweight structure, and provide technical reference for structural optimization design.
Based on the current research status, this paper proposes a design method of centrosymmetric
lattice for revolution structure, and evaluates the advantages and disadvantages of
centrosymmetric lattice relative to parallel array lattice in lightweight design of revolution
structure based on homogenization method. Then, two kinds of centrosymmetric lattice structures
are selected and applied to the lightweight design of concentric cylinders. Based on parametric
design and finite element method, the influence of lightweight area percentage and lattice size on
stress response of concentric cylinder after lightweight design is discussed, which provides
technical reference for lightweight design of revolution structure.
2. Mechanical response analysis of parallel array and centrosymmetric lattice based on
homogenization method
As shown in Figure 1, the centrosymmetric lattice has been applied to the lightweight design
of revolution structures[17]. Zhang redesigned a simple cubic lattice structure to make it a
self-adaptive lattice of revolution structure, and applied it to the lightweight design of concentric
cylinder and compressor impeller. When the centrosymmetric lattice is applied to lightweight
design of concentric cylinder, the maximum radial stress and circumferential stress can be
effectively reduced by 6% - 20%.

Figure 1 Lattice compressor impeller
In addition to the lattice used by Zhang, there are 11 kinds of lattice structures commonly
used in structural lightweight design as shown in Figure 2. These lattices have excellent
mechanical properties, which can make the structure have the designed structural stiffness and
equivalent modulus while realizing the lightweight design of the structure [26].
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Figure 2 Eleven kinds of lattice
In order to study the advantages and disadvantages of centrosymmetric lattice structure
compared with parallel array lattice structure in lightweight design of revolution structure, two
different types of lattice need to be applied to the same typical body of revolution in the
lightweight design of structure (such as concentric cylinder). The mechanical response of the
revolving body structure with two kinds of lattice for lightweight design is analyzed under the
action of uniformly distributed load along the circumference. Because the single column of lattice
structure is smaller than the revolution structure, if the lattice structure is directly applied to the
lightweight design of revolution structure according to the actual geometric appearance, and

modeling and finite element analysis are carried out, the number of nodes in the finite element
model will be higher in the calculation process, and there will be more unnecessary nodes in the
non lightweight area. In this case, the finite element calculation process takes too long. Yang et
al[27]-[28]. introduced the homogenization method to equivalent the lattice structure. Under the
premise of ensuring the required calculation accuracy, the mechanical response of lightweight
lattice structure can be evaluated more quickly. In this section, a similar method is used to
homogenize the lattice structure to obtain the equivalent elastic modulus of the lattice structure.
Then, the homogenized material is applied to the lightweight design of concentric cylinder
combined with finite element method, and the mechanical response of concentric cylinder under
axisymmetric load is analyzed.
Based on the homogenization method of Yang[27]-[28], the orthotropic linear elastic
characteristics of a single lattice can be obtained approximately.
This section considers loads in six directions, namely, loads in three tensile directions (x, y, z) and
loads in three shear directions (XY, YZ, XZ), as shown in Figure 3. The corresponding
macroscopic strain is applied in each direction, and the reaction force of the representation volume
element (RVE) interface is used to obtain the stiffness matrix, and then the required engineering
constants can be obtained.

Figure 3 Directions in an element
Firstly, the mechanical equation under tensile load in x direction is considered. For
orthotropic materials, the following relationship exists:
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 x ,  y ,  z ,  xy ,  yz and  xz are the stress in each direction, Dij are the

coefficient in the stiffness matrix (i, j = 1,2,3,4,5,6),
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in each direction. If the strain in the X direction is fixed to
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to 0, the first column of the stiffness matrix can be obtained
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Considering that the lattice structure is usually periodic in geometry, the volume of RVE is
assumed to be

 0, Lx   0, Ly    0, Lz  . Here,

Lx

,

Ly

and

Lz

are the lengths of rve in x, y

and z directions. In the plane normal to the x-axis, enforce

u x  Lx , y, z   u x  0, y, z    Lx
u y  Lx , y, z   u y  0, y, z 

(3)

u z  Lx , y, z   u z  0, y, z 
In the plane normal to the y-axis, enforce

u x  x, Ly , z   u x  x, 0, z 

u y  x, Ly , z   u y  x, 0, z 

(4)

u z  x, Ly , z   u z  x, 0, z 

In the plane normal to the z-axis, enforce

u x  x, y, Lz   u x  x, y, 0 
u y  x, y, Lz   u y  x, y, 0 

(5)

u z  x, y, Lz   u z  x, y, 0 
In addition to these periodic conditions, it is necessary to restrict the rigid body motion in the
calculation process. Here, enforce

u x  a point with x  0   0
u y  a point with y  0   0

(6)

u z  a point with z  0   0
There are alternatives to these periodic boundary conditions. Unless there exist enough
symmetries, these alternatives lead to boundary effects. On periodic structures, periodic
boundary conditions should be used.
To compute macroscopic stresses, the forces on the top faces are integrated. Consider
The force in the x-direction at the face x  Lx is integrated.
the face area.

x .

 x is obtained by normalizing with

 y and  z are obtained similarly. The entries for D11 , D21 and D31 in the stiffness

matrix are easily obtained. By repeating the steps for all the other load cases, all the entries for the

stiffness matrix are obtained. The stiffness matrix is inverted to obtain the compliance matrix
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Finally, the engineering constants Ex , E y , Ez , Gxy , G yz , Gxz ,

 xy ,  yz and  xz are

computed from the relationship
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The corresponding material modulus of the homogenized lattice is shown in Table 1. The
lattice here is made of titanium alloy.
Table 1 equivalent elastic modulus (Pa) and Poisson's ratio of the material corresponding to the
homogenized lattice
Lattice No.1

Ex

3.6409×109

Gxy

2.39×109

 xy

0.33092

Ey

3.6409×109

Gyz

2.39×109

 yz

0.33093

Ez

3.6409×109

Gxz

2.39×109

 xz

0.33093

Lattice No.2

Ex

2.2599×109

Gxy

2.1154×109

 xy

0.39791

Ey

2.2592×109

Gyz

2.1154×109

 yz

0.39877

Ez

2.2584×109

Gxz

2.1154×109

 xz

0.39863

Lattice No.3

Ex

8.7993×109

Gxy

5.2281×108

 xy

0.099347

Ey

8.7991×109

Gyz

5.2281×108

 yz

0.099586

Ez

8.7989×109

Gxz

5.2281×108

 xz

0.099584

Lattice No.4

Ex

4.1222×109

Gxy

2.2151×109

 xy

0.30893

Ey

4.1223×109

Gyz

2.2151×109

 yz

0.30884

Ez

4.1224×109

Gxz

2.2151×109

 xz

0.30885

Lattice No.5

Ex

8.9329×109

Gxy

5.7912×108

 xy

0.10215

Ey

8.9329×109

Gyz

5.7912×108

 yz

0.1022

Ez

8.9328×109

Gxz

5.7912×108

 xz

0.1022

Lattice No.6

Ex

5.8763×109

Gxy

1.7556×109

 xy

0.2346

Ey

5.8763×109

Gyz

1.7556×109

 yz

0.23461

Ez

5.8763×109

Gxz

1.7556×109

 xz

0.23461

Lattice No.7

Ex

4.2452×109

Gxy

2.2307×109

 xy

0.40526

Ey

4.2452×109

Gyz

1.4089×109

 yz

0.094748

Ez

3.7472×109

Gxz

1.4089×109

 xz

0.094749

Lattice No.8

Ex

4.7235×109

Gxy

2.4573×109

 xy

0.39203

Ey

4.7236×109

Gyz

1.489×109

 yz

0.23569

Ez

1.3276×109

Gxz

1.489×109

 xz

0.23569

Lattice No.9

Ex

4.3837×109

Gxy

2.2955×109

 xy

0.30023

Ey

4.3837×109

Gyz

2.2955×109

 yz

0.30022

Ez

4.3837×109

Gxz

2.2955×109

 xz

0.30023

Lattice No.10

Ex

6.1154×109

Gxy

1.747×108

 xy

-0.058042

Ey

6.1155×109

Gyz

2.5092×109

 yz

0.33888

Ez

5.9664×109

Gxz

2.5092×109

 xz

0.33889

Lattice No.11

Ex

2.7312×109

Gxy

1.7232×108

 xy

-0.38018

Ey

2.7313×109

Gyz

3.078×109

 yz

0.5487

Ez

3.6422×109

Gxz

3.078×109

 xz

0.54873

Because the homogenized material has the properties of orthotropic composites, therefore, if
the lattice structure is applied to the lightweight design of concentric cylinder in the way of
centrosymmetric array, the equivalent elastic modulus of the material has the same value along the
circumference. The concentric cylinder with parallel array lattice for lightweight design has
different elastic modulus along the circumference. The distribution of elastic modulus of
concentric cylinder with centrosymmetric lattice is equal along the circumference. On the
circumference of the same radius, the value of elastic modulus in the radial direction is the value
of Ex. For the concentric cylinder with parallel array, the radial elastic modulus of the material is
different at the same radius, the variation of the value with the angle is shown in Figure 4. Here,
Figure (a) shows the change of material radial elastic modulus with angle at the same radius of the
concentric cylinder with parallel array lattice which is lightweight designed by using lattice No.1,
and Figure (b) shows the change of material radial elastic modulus with angle at the same radius
of the concentric cylinder with parallel array lattice which is lightweight designed by using lattice
No.3,

(a)
(b)
Figure 4 Change of material properties of concentric cylinder with parallel array lattice with angle

After defining the material properties of the concentric cylinder, in order to define the
constraint conditions in the finite element analysis, a quarter cylinder is selected as the analysis
object in this section. The circumferential displacement of the two sections of the concentric
cylinder is zero, and a radial surface pressure is applied to the outer cylinder surface. Figure 5
shows the maximum stress and displacement of a concentric cylinder under 1 000 Pa surface
pressure. The maximum values of stress and displacement of concentric cylinder after
homogenization of centrosymmetric lattice structure, and the maximum values of stress and
displacement of concentric cylinder after homogenization of parallel array lattice structure are
shown respectively. It can be found from the data in Figure 5 that the maximum structural stress of
concentric cylinder under radial surface pressure is less than that of concentric cylinder with
parallel array lattice in lightweight design. Among them, in the maximum stress of concentric
cylinder designed with No.3, No.5, No.10 and No.11 lattice, the structural stress of uniform
cylinder with parallel array lattice is significantly higher than that of uniform cylinder with
centrosymmetric lattice.
On the other hand, it can be seen from Figure 5 (b) that the relationship between the
maximum displacement and the maximum stress of two kinds of concentric cylinders designed
with centrosymmetric lattice and parallel array lattice for lightweight design is slightly different:
In some cases (No.1, No.2, No.4 lattice is used for lightweight design), the maximum
displacement of concentric cylinder structure with centrosymmetric lattice is higher than that of
concentric cylinder structure with parallel array lattice; in some cases (No.6, No.7, No.8, No.9
lattice is used for lightweight design), the maximum displacement of concentric cylinder structure
with centrosymmetric lattice is slightly close to that of concentric cylinder structure with parallel
array lattice. In particular, when No.3, No.5, No.10 and No.11 lattice are applied to the lightweight
design of concentric cylinder, the maximum displacement of concentric cylinder with parallel
array lattice is significantly higher than that of concentric cylinder with centrosymmetric lattice.
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Figure 5 Maximum stress and maximum displacement
Figure 6 and 7 shows the structural stress and displacement nephogram of concentric cylinder
with centrosymmetric lattice and concentric cylinder with parallel array lattice, which are
respectively designed and homogenized by using the 11 kinds of lattice in Figure 2. It can be seen
from Figure 6 that the stress distribution of the homogenized concentric cylinder with
centrosymmetric lattice is uniform along the circumferential direction and increases along the
direction pointing to the center of the circle. In addition, it can be seen from the displacement
distribution that the displacement distribution of the concentric cylinder with parallel array lattice

for lightweight design is not uniform along the circumferential direction under the action of
uniformly distributed load. In this case, the concentric cylinder will produce a non axisymmetric
deformation. This phenomenon will further aggravate the uneven distribution of concentric
cylinder materials. If the motion state of concentric cylinder or revolving body with other
structural forms is fixed axis rotation, the structure will produce an eccentric load due to its
unbalanced mass in the process of fixed axis rotation, which will aggravate the vibration of the
structure and further increase the unbalanced load of the structure. Therefore, compared with the
parallel array lattice, the stress distribution and mass distribution of the structure are more
conducive to the structural safety when the centrosymmetric lattice is applied to the structural
lightweight design.
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Figure 6 Stress distribution (Pa)
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Figure 7 Displacement distribution (m)
3 Finite element analysis and structural performance evaluation of two concentric cylinders with
centrosymmetric lattice
It can be seen from the second section that compared with the concentric cylinder with
parallel array lattice, when the centrosymmetric lattice is applied to the structural lightweight
design of concentric cylinder, the concentric cylinder can have a more uniform stress distribution
and displacement distribution when only subjected to axisymmetric load. In Section 2, the
homogenization method is used to analyze the static response of the lattice concentric cylinder. In
this section, the centrosymmetric lattice concentric cylinder will be modeled directly instead of
using the homogenization model to replace it. Then, the solid element with intermediate nodes is
used to mesh the concentric cylinder, and the finite element method is used to analyze its static
response under axisymmetric load. Here, we select two kinds of lattice commonly used in
structural lightweight design, and apply them to the lightweight design of concentric cylinder. In
the lightweight concentric cylinder, each column in the selected lattice is treated with variable
section. Figure 8 (a) shows the concentric cylinder of centrosymmetric lattice with No.3 lattice for
lightweight design, and Figure 8 (c) shows the concentric cylinder of centrosymmetric lattice with
No.1 lattice for lightweight design. In order to impose boundary constraints on the finite element
model, the quarter cylinder model will be selected in this section, and the models obtained are
shown in Figure 8 (b) and Figure 8 (d) respectively. In addition, a path in Figure 9 (a) is selected
to study the radial stress variation on the path under axisymmetric load. Figure 9 (b) shows the
constraint and load of a quarter centrosymmetric lattice concentric cylinder under the action of
axisymmetric plane pressure.

(a)

(b)

(c)

(d)
Figure 8 Lightweight lattice cylinder

(a)

(b)
Figure 9 Specified stress path and loads

3.1 Static response analysis of centrosymmetric lattice concentric cylinder structure with No.3
lattice for lightweight design
Considering that the percentage of lattice structure in the concentric cylinder will affect the
structural response of the concentric cylinder, this section parameterizes the thickness of the inner

non lattice part (denoted as "inside") and the outer non lattice part (denoted as "outside") of the
concentric cylinder. Figure 10 shows the maximum stress and displacement of the inside, the
outside, and the the centrosymmetric lattice concentric cylinder with different inside thickness and
different outside thickness under the axisymmetric pressure. In this case, the lattice form of
concentric cylinder is No.3 lattice.
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Figure 10 Maximum stress and displacement of a centrosymmetric lattice cylinder of No.3
It can be seen from Figure 10 (a) that the maximum structural stress of concentric cylinder
with centrosymmetric lattice appears in the metal lattice region, and the maximum stress first
decreases with the increase of inside thickness, and then increases with the increase of inside
thickness. The maximum stress of the outside decreases with the increase of the inside thickness,
and the maximum stress of the inside first decreases with the increase of the inside thickness, then,
when the inside thickness exceeds 0.5cm, the maximum stress of the inside increases with the
increase of the inside thickness. When the thickness of the outside increases, the maximum stress
of the inside, the maximum stress of the inside and the maximum stress of the lattice region
decrease with the increase of the thickness of the outside. It can be seen that for the concentric
cylinder with centrosymmetric lattice, the influence of the outside thickness on the maximum
stress is significant. In addition, it can be seen from Figure 10 (b) and Figure 10 (d) that the
maximum displacement of concentric cylinder with centrosymmetric lattice will decrease with the
increase of outside thickness or inside thickness, which is also consistent with the objective reality.
In addition, in order to study the force transfer effect of the lattice structure between the
outside and the inside of concentric cylinder, this section calculates the difference between the
maximum stress of the outside and the maximum stress of the inside, the difference between the
maximum stress of the outside and the maximum stress of the lattice structure, and the difference

between the maximum stress of the inside and the maximum stress of the lattice structure (Figure
11 (b)). Besides, this section also calculates the difference between the maximum stress values of
the innermost and outermost concentric cylinder homogenization models corresponding to the 11
lattice listed in Section 2 under axisymmetric pressure (Figure 11 (c)).
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Figure 11 Stress difference
It can be seen from Figure 11 (a) and Figure 11 (b) that with the increase of the thickness of
the inside of the concentric cylinder with centrosymmetric lattice structure, the difference between
the maximum stress of the lattice structure and the maximum stress of the inside, the difference
between the maximum stress of the lattice structure and the maximum stress of the outside will
gradually increase, and the maximum stress of the outside is obviously higher than the maximum
stress of the inside. It can be seen that increasing the inside thickness can reduce the force transfer
effect of lattice structure. When the thickness of the inside is 0.1 cm, the maximum stress of the
outside is lower than that of the inside; when the inside thickness is between 0.2-0.5 cm, the
difference between the maximum stress of the outside and the maximum stress of the inside will
increase with the increase of the inside thickness; then, when the inside thickness exceeds 0.6 cm,
the difference between the maximum stress of the outside and the maximum stress of the inside
will decrease with the increase of the inside thickness.
It can be seen from Figure 11 (c) and Figure 6 that for the homogenized 11 kinds of lattice
concentric cylinders, the maximum and minimum structural stress are usually distributed in the
outside and the inside of the cylinder, respectively, and the difference between the maximum and
the minimum is between 1300 Pa and 1700 Pa. This result is in good agreement with the static
response of the non-uniform concentric cylinder with centrosymmetric lattice by solid modeling

and finite element analysis. In order to observe the stress distribution of concentric cylinder with
centrosymmetric lattice more intuitively, this section outputs the stress distribution diagrams of
four kinds of concentric cylinder with centrosymmetric lattice, which have different inside
thickness and outside thickness are lightweight designed by using lattice No. 3. In this section,
four types of centrosymmetric lattice concentric cylinders with thicker inside and outside (Figure
12 (a)), thicker inside and thinner outside (Figure 12 (b)), thinner inside and thicker outside
(Figure 12 (c)) and thinner inside and outside (Figure 12 (d)) are selected. According to the stress
distribution of each concentric cylinder, when the thickness of the inside increases, the external
surface pressure transferred to the inside of the concentric cylinder is limited. Therefore, the larger
the thickness of the inside of the concentric cylinder, the larger the area of low stress in the inside.
In addition, the thickness of the outside of the concentric cylinder will have a significant impact
on the stress distribution of the concentric cylinder: the greater the thickness of the outside, the
greater the low stress area of the outside. However, because the outside bears the external load
directly, the minimum stress in the low stress region of the outside is obviously higher than that in
the low stress region of the inside. For the concentric cylinder with No.3 lattice, the stress of the
radial column is obviously higher than the maximum stress of the circumferential column. This
result is consistent with the mechanical response of parallel lattice structure under tension
compression load.
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Figure 12 Stress distribution (Pa)

3.2 Static response analysis of centrosymmetric lattice concentric cylinder structure with No.1
lattice for lightweight design

Similar to Section 3.1, this section studies the static response of concentric cylinder with
No.1 lattice under axisymmetric pressure.
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Figure 13 Maximum stress and displacement of a centrosymmetric lattice cylinder of No.1
Figure 13 shows the maximum stress and displacement of the inside, the maximum stress and
displacement of the outside, and the maximum stress and displacement of the lattice region of a
concentric cylinder with different inside thickness and different outside thickness under
axisymmetric load. In this case, No.1 lattice is used to lightweight the concentric cylinder. It can
be seen from Figure 13 (a) that when the No. 1 lattice is applied to the lightweight design of the
concentric cylinder, the maximum stress of the structure appears on the metal lattice, and the
maximum stress first decreases with the increase of the inside thickness, and then increases with
the increase of the inside thickness. The maximum stress of the outside decreases with the increase
of the inside thickness. The maximum stress of the inside first decreases with the increase of the
inside thickness, and then increases with the increase of the inside thickness when the inside
thickness exceeds 0.5cm. When the thickness of the outside increases, the maximum stress of the
outside, the maximum stress of the inside and the maximum stress of the lattice region decrease
with the increase of the thickness of the outside. It can be seen that the thickness of the outside has
a significant effect on the stress of the whole concentric cylinder when the No.1 lattice is applied
to the lightweight design of the concentric cylinder. In addition, it can be seen from Figures 13 (b)
and 13 (d) that the maximum displacement of the centrosymmetric lattice cylinder will decrease
with the increase of the outside thickness or the inside thickness. This conclusion is also consistent
with the objective reality. In addition, in order to study the force transfer effect from the outside to
the inside of concentric cylinder with centrosymmetric lattice in lightweight design, this section
calculates the difference between the maximum stress of the outside and the maximum stress of

the inside of concentric cylinder with different outside thickness and inside thickness, the
difference between the maximum stress of the outside and the maximum stress of the lattice area,
and the change of the difference between the maximum stress of the inside and the maximum
stress of the lattice area with the change of the thickness of the inside and the change of the
thickness of the outside (Figure 14). It can be seen from Figure 14 that, in terms of stress
distribution, deformation distribution and force transfer effect, the change of lattice form does not
affect the qualitative change trend of the above results, but has a significant impact on the
maximum value of stress distribution.
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Figure 14 Stress difference

According to Figure 14 and Figure 6, for the mechanical response of the concentric cylinder
homogenization model with 11 kinds of lattice for lightweight design under axisymmetric pressure,
the maximum and minimum structural stress are usually distributed in the outside and the inside of
the concentric cylinder, and the difference between the maximum and minimum values is between
1300 Pa and 1700 Pa . This is in good agreement with the stress calculation results of concentric
cylinder with centrosymmetric lattice. In order to study the stress distribution of the
inhomogeneous model of solid centrosymmetric lattice concentric cylinder under axisymmetric
pressure, this section outputs the stress distribution diagrams of four centrosymmetric lattice
concentric cylinders with different inside and outside thicknesses. The four cylinders are designed
with No.1 lattice. The inside thickness and outside thickness of the four cylinders are: thicker
inside and outside (Figure 15 (a)), thicker inside and thinner outside (Figure 15 (b)), thinner inside
and thicker outside (Figure 15 (c)), and thinner inside and outside (Figure 15 (d)). From the stress
distribution diagram of each cylinder, it can be seen that for the concentric cylinder with No.1
lattice for lightweight design, the stress transmitted by the inside of the cylinder is very limited.
Therefore, the larger the thickness of the inside of the concentric cylinder, the larger the area of
low stress in the inside. The thickness of the outside of the concentric cylinder will also affect the
structural stress distribution of the cylinder: the thicker the outside is, the larger the low stress area
of the outside will be. However, because the outside bears the external load directly, the minimum
stress in the low stress region is obviously higher than that in the inside. For the concentric
cylinder with No.1 lattice for lightweight design, the stress of the column is significantly higher
than that of the junction point of the column.

(a)

(b)

(c)

(d)
Figure 15 Stress distribution (Pa)

3.3 Influence of lattice column size on mechanical response of concentric cylinder with
centrosymmetric lattice
The influence of the thickness of outside and inside on the static response of concentric
cylinder with centrosymmetric lattice under axisymmetric load is described in the previous paper,
i.e. the influence of the size of lightweight region on the static response of concentric cylinder is
analyzed and discussed. In this section, we will discuss the influence of the column size of lattice
on the static response of concentric cylinder with centrosymmetric lattice. Figure 16 shows the
maximum stress, path stress and displacement of concentric cylinder with different lattice
cross-section sizes under axisymmetric pressure. Here, the axisymmetric load is the load initially
applied to the outer surface of the concentric cylinder in this section. The path is shown in Figure
9 (a), and the lightweight lattice is No. 3 lattice.
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Figure 16 The maximum displacement, maximum stress and path stress of lattice concentric
cylinders with different cross-section sizes
It can be seen from Figure 16 (a) that with the increase of the cross-section diameter of the
lattice column, the maximum value of the inside of the concentric cylinder will change in a small
range, while the maximum value of the outside stress and the lattice stress will change obviously.
With the increase of section diameter of lattice column, the outside stress and lattice stress
decrease obviously, and the maximum value of stress decreases fastest when the lattice stress is
between 1.35-1.55 mm in diameter. Figure 16 (b) shows the difference between the maximum
stress of the lattice structure and the maximum stress of the outside, the difference between the
maximum stress of the lattice structure and the maximum stress of the inside, and the difference
between the maximum stress of the outside and the maximum stress of the inside. With the
increase of the cross-section diameter of the lattice, the difference also decreases. It can be seen
from Figure 16 (c) that the maximum stress of concentric cylinder with centrosymmetric lattice
appears at the non node, and the stress value at the non node is significantly higher than that at the
node. When using No.1 lattice to lightweight design the concentric cylinder with central
symmetric lattice, we can consider improving the structure, increasing the possibility of node
bearing and reducing the possibility of column bearing, so as to make the stress distribution of the
whole concentric cylinder more uniform and reduce the phenomenon of stress concentration. It
can be seen from Figure 16 (d) that when the lattice cross-section diameter of the concentric
cylinder with centrosymmetric lattice increases, its structural displacement will decrease. This
conclusion is also consistent with the objective facts. Different from the trend of stress change, the
displacement of concentric cylinder decreases linearly. When the diameter of lattice section
increases, the equivalent structural stiffness of concentric cylinder lattice increases. In this case,
the stress and displacement of the concentric cylinder will increase. In other words, in a certain
range of parameters, when the lattice is applied to the lightweight design of the structure, the
structure will produce adverse static response. In the lightweight design of axisymmetric structure,
how to select the lattice parameter range will be the focus of future research.
4 Discussion and Conclusion
In this paper, 11 kinds of metal lattice are symmetrized, and the centrosymmetric lattice is
applied to the lightweight design of concentric cylinder. Based on the finite element method, the
finite element analysis of concentric cylinder with centrosymmetric lattice under axisymmetric
load is carried out, and the influence of geometric parameters on the mechanical response of

concentric cylinder is evaluated. The results show that:
(1) The results of finite element analysis based on homogenization method show that the
stress of concentric cylinder with centrosymmetric lattice is uniformly distributed along the
circumference when subjected to axisymmetric load. In most cases, the displacement of the
structure is uniformly distributed along the circumference; in some cases, the distribution along
the circumference is periodic. For the concentric cylinder with parallel array lattice, the stress
distribution is not uniform along the circumferential and radial direction when it is subjected to
axisymmetric load, the distribution of structural displacement is also highly similar.
(2) When No.3 lattice (pure column lattice) is applied to the lightweight design of concentric
cylinder with centrosymmetric lattice, the stress of each part of the concentric cylinder decreases
with the increase of the outside thickness, and the larger the outside is, the less obvious the change
of the maximum stress is. When the percentage of lattice area increases, the maximum stress of
concentric cylinder decreases sharply at first, then increases slightly, and fluctuates in a stable
range. The stress distribution of concentric cylinder with No.1 lattice (octagonal cubic lattice) for
lightweight design is similar.
(3) With the increase of the inside thickness, the difference of the maximum stress between
the outside and the inside, the difference of the maximum stress between the outside and the
lattice region, and the difference of the maximum stress between the lattice region and the inside
increase with the increase of the inside thickness. When the inside thickness is greater than 0.5 cm,
the difference between the maximum stress of the outside and the inside will decrease with the
increase of the inside thickness. This difference will change in a relatively stable range.
(4) For the concentric cylinder with centrosymmetric lattice, the stress at the intersection of
columns is less than that at the non intersection, and the difference is very obvious. Therefore, in
the subsequent lightweight design of centrosymmetric lattice axisymmetric structure, we can
consider reducing the difference by improving the structure form and geometric size of the lattice.
(5) For the centrosymmetric lattice concentric cylinders with different cross-section sizes of
lattice columns, which are designed with pure column lattice for lightweight design, when the
cross-section diameter increases, the maximum external stress of the concentric cylinder and the
maximum stress in the lattice region will decrease, but the maximum internal stress of the cylinder
does not change much. The increase of the cross-section diameter of the lattice will promote the
force transfer on the cylinder.
In this paper, the mechanical response of concentric cylinder with centrosymmetric lattice is
discussed. The conclusions and methods of this paper can provide reference for the future research
on parametric design, optimization and parameter sensitivity analysis of axisymmetric structures.
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