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Abstract. For mechanical metamaterials and their vibration isolation ability, a new corset type
structure (CTS) is designed from the inward hexagonal steel structure by applying fillet at the
inward corners. Ten CTS cells are born by using the different fillet radius. The fillet radius is 10
mm to 100 mm, but the cell mass remains constant when the plate has the same thickness. The
static deformation, vibration modality and harmonic response of these NPR structures are
analyzed in this paper. These CTS cells are modeled by using the finite element method (FEM)
with a uniform grids. In static analysis, a surface load and a point load on the top plate are
respectively considered to study the elastic deformation, the NPR and the stiffness of CTS cells
with different fillet radii and thicknesses. These CTS cells have a greater NPR and a higher
stiffness than the original inward hexagonal steel structure. In modal analysis, the natural
frequency, the eigenmode and the fixed modality are numerically computed. These frequency
values and displacement distributions of CTS cells show that these CTS cells have a higher
vibration frequency than the origin inward hexagonal structure cell. In harmonic response
analysis, the frequency domain is from 1 Hz to 1000 Hz, and the excitation force is on the top
surface of the upper plate. All displacement responses of these CTS cells are analyzed. The
harmonic response analysis result shows that the resonance magnitude can be significantly
suppressed by these new CTS cells. The analysis result presents the characteristics of this new
CTS, and it is beneficial for the vibration isolation in engineering application.

Keywords: negative Poisson’s ratio, stiffness, vibration modality, cell structure.
1. Introduction

Offshore structures often have to withstand relatively heavy loads when moving machinery or
when exposed to wind and waves. Green smart ship research requires the lighting and functionality
of ship structures to meet the needs of maneuverability and ecological navigation. Technological
advances in metamaterial design can address these additional needs over conventional design
solutions. By altering the internal cell structure, metamaterials structures have some extraordinary
physical properties that natural materials structures do not possess any one, for example, negative
stiffness [1], [2], negative Poisson's ratio (NPR) [3], [4] etc. NPR material is a type of stretching
material. This materials shrinks laterally when it is subjected to longitudinal compression, and
expands laterally when subjected to longitudinal tension [5], [6]. Due to its special tensile
expansion effect and excellent vibration absorption ability, metamaterial structures have become
a hot research topic in the field of vibration isolation, anti-shock and other engineering
applications. In marine application, steel structures with negative Poisson’s ratio are metamaterials
available for specific functionalization of support structures [7].

In recent years, honeycomb structures with NPR have been actively researched. The geometry
of each cell in honeycomb structures can affect the whole mechanical performance. Specifically,
when suffering an impact load, the dynamic characteristics of honeycomb structures with NPR
depend not only on impact velocity and relative density, but also on the cell’s microstructure [8].
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Additionally, the concave corner honeycomb structures have the excellent energy absorption
properties [9]. Considering micro cells, in addition to conventional honeycomb structures, there
are also butterfly-shaped honeycomb structures [10], [11], arrow-shaped honeycomb structures
[12], chiral hexagonal honeycomb structures [13], [14]. Honeycomb structures are improved by
integrating concave hexagonal honeycomb cells and Miura-origami cells together [15]. These
structures with NPR can have the improved buffering performance. Carbon fiber-reinforced
composite structures with NPR [16], have much better impact resistance at low speeds than at high
speeds. Besides that, to meet the requirement of converting positive, negative, and zero Poisson's
ratios to each other, a newly-designed structure enables the macro Poisson’s ratio to be changed
by varying cell structure [17]. The honeycomb sandwich panel structure [18], which combines a
normal 2D hexagonal honeycomb with positive Poisson’s ratio and a 2D concave hexagonal
honeycomb with NPR, has softened structure with a lowered stiffness and a significant vibration
absorption ability.

The study of metamaterial structures with NPR has opened up a new research field with
practical application value. Applying arbitrary Poisson’s ratio metamaterial structures to ship
vibration isolation, zero Poisson's ratio materials have broad application potential in cylindrical
shells exposed to high pressure [19]. Compared to the conventional base, the mass of the
hexagonal structure base is reduced by 46.11 % and the average acceleration vibration level is
reduced by 7.37 dB. For star structure base, the mass is reduced by 59.36 %, and the average
acceleration vibration level is reduced by 5.63 dB. So the base is designed to be lightweight and
enhanced in vibration isolation by utilizing metamaterials with negative Poisson's ratio [20]. In
response to the anti-collision and energy absorption requirements of the front longitudinal beams
of automobiles, a box structure has been innovated with an equivalent elastic modulus and stress,
and the energy absorption ability of this box structure can be enhanced under in-plane loading due
to negative Poisson’s ratio behaviors of this structure [21]. The NPR structure is difficult to be
solved through analytical formulas, though some solving theories are suitable for solving plate
and beam [22], [23], the FEM provides convenient modeling and solving technique [24]. From
these presented research results, the NPR structure has significant advantages in the engineering
application, especially for the vibration isolation. Because the engineering structure needs an
enough stiffness to support heavy-duty machinery, and an efficient isolation ability to resist
vibration excitation in a wide frequency band, so further research and development of NPR
metamaterial structures is necessary, and the characteristics of cell structure with NPR should also
be widely developed [25].

The purpose of this study is to investigate the mechanical characteristics of NPR structures
and explore their application ability. Therefore, this paper proposes a novel corset type structure
(CTS) with NPR. Based on the concave hexagonal structure, this CTS is composed of top and the
bottom end plates, as well as concave supports on either sides. The angle between the side support
and the end plate is 60°. CTS cells are created by adjusting the middle radius of the concave
support. The static load and modal analyzes of CTS cells are performed using the finite element
method. In addition, a compression verification test is performed as part of the static stiffness
analysis.

2. Geometry design of CTS cells

In structure mechanics, Poisson’s ratio is defined as the ratio of the absolute value of the
transverse positive strain to the axial positive strain, when the structure is subjected to
unidirectional tension or compression. As shown in Fig. 1, the CTS designed in this paper is a
hollow steel frame. The thickness of each plate is uniformly b mm, the height between the upper
and lower end plates is H = 100 mm, and the length of these end plates is L = 130 mm. The
distance from supporting point to side edge is a = 15 mm. The normal depth of the structure cell
is equal to L mm. The contact angle 8 between the side and the end plates is 60°. A typical feature
of side plates is a fillet of radius R in the center. When the value of R is 0 mm, the corset type
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structure becomes an inward hexagonal structure. Ten types of CTS cells and their original inward
hexagonal structure cell are shown in Fig. 2, and the CTS cell becomes thicker with the increase
of radius R. To simplify the description, Syp-i is used to describe the CTS cell rounded by a value
of i mm (R =i mm, { = 0 ~ 100), and during the design process, these values of R are 10 mm,
20 mm, 30 mm, 40 mm, 50 mm, 60 mm, 70 mm, 80 mm, 90 mm, and 100 mm. Three types of
plate thicknesses, 1 mm, 2 mm and 3 mm, are used in this analysis. When b = 1 mm, the mass of
these structure cells is 397.74 g. When b = 2 mm, the mass of these structure cells is 771.36 g.
When b = 3 mm, the mass of these structure cells is 1156.74 g. With constant thickness values,
these structure cells have the same weight.

As shown in Fig. 1, a CTS cell can be created by rounding the inward hexagonal cell at the
corners with a radius R, and the mechanical properties of the CTS cell can be changed by the fillet.

Assuming the top plate is rigid, when the top plate is compressed, there is a uniform
displacement of the top plate. The side inclined plates act with the lever movement in the inward
hexagonal cell, but the side fillet plates in the CTS cell act with the movement of a buckling beam.

Aok -

Fig. 1. Generation of CTS cell

For the inward hexagonal cell:
A, = A, X tand, (1)

where, A, is displacement in vertical direction, A, is displacement in horizontal direction. So,
Poisson’s ratio u can be expressed as:

24,

u= i —2cotf. 2)
A

Snp— 10 Snp—20 Snp-30 Snp-40

Sip-50 Snp-60 Snp-70 Sp-80 Snp-90 Snp-100
Fig. 2. Fillet change of CTS cells

In CTS cells, the static motion of a buckling beam under an axial load is expressed as [26]:
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2
) dx=o, 3)
where, E1 is the flexural rigidity, EA is the axial rigidity, L is the length of the buckled beam, m
is the mass per unit length, P is the axial load. The transverse deformation w can be caused by the
axial force P.

Under mechanical movement, NPR of CTS cell S,;.0is calculated by using Eq. (2). With the
interaction of transverse and axial motions, NPR of CTS cell Syp.1 (i # 0) is not easy to calculated
by using Eq. (3). This problem can be solved by a numerical method. In this paper, the CTS cell
is modeled by using the finite element method (FEM), and the numerical model is computed in
the software COMSOL. Displacements A, and A, of the CTS cells are analyzed simultaneously.

3. Numerical preparation of CTS cells

As foundation supports, CTS cells are expected to be capable of supporting specific loads,
particularly surface and point loads. These material properties of steel include Young’s modulus
2.0x10"! Pa, Poisson’s ratio 0.3, density 7850 kg/m>. To perform numerical analysis of CTS cells,
they are modeled by using the finite element method. Grids distribution of Syp.60 is shown in Fig. 3,
and there are 50700 elements and 350187 nodes under a mesh size of 1 mm. The uniformity of
these grids allows for accurate modeling of CTS cells, and the connection corner can have a
moderate shape. These grids are utilized for surface load analysis, point load analysis, modality
analysis and frequency response analysis.

0.000 0.050 0.100 (m)
I
0.025 0.075

Fig. 3. Grids of CTS Sap-60

In order to perform the static analysis of CTS cells, a uniform compression force is applied on
the upper surface of the top plate. The force is varied at 30 N, 50 N, 80 N, and 100 N respectively.
Similarly, for point load analysis, a force of 100 N is applied at the top center of the upper plate.
The modal analysis of several CTS cells is conducted, including natural and fixed modalities. A
harmonic response is also done to compare the difference between CTS cells.

Geometry FEM -
of CTS model Modal analysis

Fig. 4. The flow chart of numerical analysis
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4. Numerical results and discussions

According to the flow chart shown in Fig. 4, the geometry of CTS is drew in the solidworks
software, and the geometry file with iges format is imported into the numerical workplace, after
modeled by using the FEM, three analyses are conducted as follows.

4.1. Discussion of static mechanics

Based the values of 4, and A,, the Poisson’s ratio | and stiffness k of CTS cells are analyzed
according to the numerical data. It shows the changes of the Poisson’s ratio of CTS cell Snp-0 and
Shp-60 in Fig. 5, and it indicates that the Poisson’s ratio values of CTS cells remain constant with
load. However, the CTS cell Syp.60 has a lower negative Poisson’s ratio compared to the original
inward hexagonal structure cell Sy,0. Specifically, when b = 1 mm, the relative percentage of
NPR is 28.65 %. As the plate thickness increases, the NPR of CTS cell Spy.0 increases by 0.40 %
atb =2 mm, and 1.42 % at b = 3 mm.

Table 1. Mechanical parameters of CTS cells under compression at 100 N

b (mm) | A, (10°mm) | A, (10*mm) u k (10°N/m)

Snp-0 21.18 18.32 -1.73 0.47
Snp-10 19.33 16.84 -1.74 0.52
Snp-20 17.24 15.32 —1.78 0.58
Snp-30 15.16 13.97 -1.84 0.66
Sup-40 13.13 12.72 -1.94 0.76
Sup-50 1 11.18 11.53 -2.06 0.89
Snp-60 9.34 10.39 —2.23 1.07
Snp-70 7.60 9.27 —2.44 1.31
Snp-80 6.06 8.22 —2.71 1.65
Snp-90 4.69 7.13 -3.04 2.13
Snp-100 3.52 6.02 -3.42 2.84
Snp-0 2.69 2.33 -1.73 3.71
Snp-10 2.46 2.14 -1.74 4.07
Snp-20 2.20 1.95 -1.78 4.55
Snp-30 1.94 1.78 —1.84 5.17
Snp-40 1.68 1.62 -1.93 5.95
Snp-50 2 1.43 1.47 —2.06 6.98
Sup-60 1.20 1.46 -2.43 8.34
Sup-70 0.98 1.19 —2.41 10.17
Snp-80 0.79 1.05 —2.68 12.72
Snp-90 0.61 0.92 —3.00 16.36
Snp-100 0.46 0.78 -3.36 21.62
Snp-0 0.81 0.70 -1.72 12.35
Sup-10 0.74 0.64 -1.73 13.53
Snp-20 0.66 0.58 -1.77 15.11
Snp-30 0.59 0.54 —1.83 17.08
Snp-40 0.51 0.49 -1.91 19.64
Snp-50 3 0.44 0.44 -2.03 22.98
Snp-60 0.37 0.40 -2.19 27.36
Sup-70 0.30 0.36 -2.39 33.27
Snp-80 0.24 0.32 —2.63 41.41
Snp-90 0.19 0.28 -2.92 52.80
Snp-100 0.14 0.24 —3.26 69.11

In Fig. 6, there are the changes in stiffness of CTS cell Syp-0 and Snp-60, and it is shown that the
stiffness values of CTS cells also remain constant with load. It is worth noting that CTS cell
Shp-60 has a higher stiffness than the original inward hexagonal structure cell Spp0. At b = 1 mm,
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the relative percentage of stiffness ratio is 127.66 %. As the plate thickness increases, the stiffness
of CTS cell Spp60 is amplified significantly. When the plate thickness is b = 2 mm, the stiffness
is increased by about 8 times. When b = 3 mm, the stiffness is amplified by 30 times.

For other types of CTS cells, the mechanical parameters are shown in Table 1. The
compression force is 100 N, and the displacement A, and A, of CTS cells vary with the fillet
radius. When the thickness of CTS cells has the same value, the NPR of CTS cells decreases with
the increase of fillet radius, but the stiffness of CTS cells increases with the fillet radius. So all
CTS cells Sqyp-i (i # 0) exhibit a greater NPR and a higher stiffness than the original CTS Syyp-o.

o b=1mm S e b=lmm —o— S b=Imm

o b=3mm

,b=2mm s b=3mm s b2mm—e—s

~ SW’»(A)

o . 0 :
254
1.8
204
1.9
EIS-
1-2.0- é
= 104
21 - - - -
54
-2.24
——— s — ——
20 30 40 50 60 70 80 90 100 110 20 30 40 50 60 70 80 90 100 110
FN FN
Fig. 5. Poisson’s ratio of CTS cells Fig. 6. Stiffness of CTS cells

For further comparison of static analysis, the deformation distributions of CTS cell Spp-0 and
Sup-60 under surface compression are shown in Fig. 7. It is observed that under the compression of
100 N, the Syp-o cell shrinks in the z-direction and the x-direction, whereas the Syp.¢0 cell also
shrinks in the same way, but with a smaller displacement value. Besides that, the Sy,.60 cell has a
larger x-directional displacement compared to its z-directional displacement. So the Sp-60 cell has
a larger stiffness and a lower NPR than the S,.o cell.

mm
025
02

y 0.15
0.1
0.05
z

vix

o

a) Sup-0, b = 1 mm b) Sup-0, b =2 mm ¢) Snp0, b =3 mm

mm mm mm

mm mm

0.03 0.008
0.007
0.025
0.006
0.02
0.005
0.015 0.004
0.003
0.002

0.001

0.25 0.03 0.008

0.007
0.025

0.006
0.02

0.005
0.015 0.004
0.003
0.002

0.001

a) Sup-60, b = 1 mm a) Snp-60, b =2 mm a) Snp-60, b =3 mm
Fig. 7. The displacement distribution of CTS cells under compression 100 N

Beside with the compression deformation, the tension deformations of CTS cell Spp.0 and
Sip-60 are shown in Fig. 8. With the bottom of zero displacement, CTS cell Syp0 and Syp-60 have
extension in the z-direction and in the x-direction. Significantly, the x-directional deformation is
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greater than z-directional deformation in each CTS cell, especially in the CTS cell Syp-0.

To verify numerical computation, a numerical compression analysis is conducted using the
CMT6103 electronic universal testing machine. The CTS cell Spp-60 is clamped between two joints,
as illustrated in Fig. 9, and the amplitude range of the compression force is set at 0-100 N. The
load-displacement curves are shown in Fig. 10. The stiffness values show that the stiffness of CTS
cell Syp60 remains constant under compression. The difference ratio between the numerical
calculation and test analysis is less than 4.67 %.

mm mm mm
025 0.03 0.008
0.007
o5 0.025
: 0.006
0.02
—_ 0.005
0.015 0.004
0L 0.003
0.01
0.002
0.05 0.005
z
Y.} x
0 0

0.001

a) Snp-0, b = 1 mm b) Snp-0, b =2 mm ¢) Sup-0, b =3 mm
0.25 0.03 0.008
0.007
0.2 > 0.025
0.006
0.02
0.15 0.005
0.015 0.004
01 0.003
0.01
0.002
0:05 0.005
N 2 . ‘/\LX 0.001
o L o o
d) Sup-60, b =1 mm €) Snp-60, b =2 mm ) Snp-60, b =3 mm

Fig. 8. The displacement distribution of CTS cells under tension 100 N

—o— Compression test
---0--- Numerical computation

100 o

60

F/N

40

204

T T T T
0.00 0.02 0.04 0.06 0.08 0.10

A /mm

a Sl "y
Fig. 9. Compression test of Snp-c0 Fig. 10. The load-displacement curves of Snp-60

Under the centric point compression, the displacement distribution of CTS cells with b =1
mm is shown in Fig. 11. The graphs indicate a concavity on the top of each CTS cell, with the
maximum displacement value labeled. The largest displacement is 0.67 mm in Spp.0, and the
smallest displacement is 0.55 mm in Syp.100. The displacement variation ratio is 17.91 %. The
results indicate that the shrinking displacement under point force decreases significantly with an
increase in fillet radius. This is due to the fact that the stiffness of CTS cell is heightened by the
fillet. Fig. 12 shows the acentric point compression in CTS cell Spp-0, Snp-60 and Spp-100. The CTS
cell Syp.o has the greatest deformation with a value of 0.58 mm. The CTS cell Syp.60 has the smaller
deformation with a value of 0.33 mm. The CTS cell Syp-100 has the smallest deformation with a
value of 0.27 mm. The CTS cell has the greater resistance to deformation.
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b) Sup=10 ¢) Snp=20 d) Snp=30

€) Snp=40 ) Snp=s50 2) Snp=60 h) Snp=70

¥

1) Snp=s0 7) Snp=90 k) Snp=100
Fig. 11. The displacement of CTS cells with b = 1 mm under centric point force 100 N

mm
Ao033

i

Yo

a) Snp=0 b) Snp=60 ¢) Snp=100
Fig. 12. The displacement of CTS cells with b = 1 mm under acentric point force 100 N

z
Ypx

4.2. Discussion of modality

The modality of structure is its natural vibration characteristics. In this work, the natural
frequency and the vibration mode of CTS cells are analyzed. Because the CTS cell is fixed on a
base and connected to other solid structure at the top end in application, so the fixed modality is
also studied.

In Fig. 13, it shows the first order vibration frequency of CTS cells under both free and fixed
conditions. It is apparent that the frequency of each CTS cell increases as the fillet radius increases,
assuming they have the same thickness and are in the same condition. When the CTS cell is fixed,
its frequency can be lowered than the corresponding free one. Furthermore, the frequency of each
CTS cell can be increased by increasing the plate thickness.

Besides, the vibration mode is crucial in determining the vibration characteristics of CTS cells.
There provides examples of the free modes for Sp,—o and Spp=¢o in Fig. 14. At the first order
vibration mode, the side plates move inwards while the end plates curl at the middle in CTS S;p=o.
Once the side plates are filleted, the round side plates and end plates move together, and the end
plates curl at the middle in CTS Spp=60. Despite changes in plate thickness, the vibration modes of
CTS Syp60 remain constant. At the second order vibration mode, there are nearly identical
vibration modes, with inward quasi-zero state and maximum deformation at the four corners. At
the third order vibration mode, end plates have the same vibration mode with moving inwards,
and side plates have the same vibration mode with moving outwards.
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Fig. 13. The 1st order modal frequency of CTS cells
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z
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Sup=60, b = 1 mm Sup=60, b =2 mm Sup=60, b =3 mm

¢) The 3rd order
Fig. 14. The free modal displacement distribution of CTS cells

The fixed modes of Spp-0 and Syp-60 are shown in Fig. 15, where the bottom end plate has the
zero displacement, and the top end plate moves in together with side plates due to the fixed
condition. At the first order vibration mode, the plates move in the x-direction. At the second order
vibration mode, the plates rotate along the x-axis. Whereas, at the third order vibration mode, the
plates rotate along the y-axis.

4.3. Discussion of harmonic responses
To analyze the vibration response of engineering structures under loads that vary sinusoidally

over time, the harmonic response analysis is conducted for CTS cells Syp-0 and Syp-0. These CTS
cells are excited at the top end plate with a surface force of 10 N. In conventional ship and vehicle

environments, the frequency of concern is typically below 1000 Hz. Therefore, the responses of
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A, at center point of upper plate (P,) and A, at center point of side plate (P;) are calculated within
the range of 1 Hz to 1000 Hz. So when the displacement of these CTS cells are obtained, the
sustained dynamic characteristics of CTS cells, as well as the resonance effect, can be analyzed.

frequency=72.16 Hz frequency=76.58 Hz frequency=152.04 Hz 222630 Hz

x10°

g 25

20 20

115 15
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Fig. 15. The fixed modal displacement distribution of CTS cells
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Fig. 16. The frequency response curves of CTS cells

In Fig. 16, it shows the absolute value of harmonic responses of P, and P;. In Fig. 16(a), it is
observed that for the CTS cell Syp-0 with b =1 mm, the first resonance vibration occurs at
approximately 210 Hz with a displacement value of 2.78 mm, while the second resonance
vibration occurs at approximately 390 Hz with a displacement value of 0.67 mm. In the case of
CTS cell Spp-60 with b = 1 mm, the first resonance vibration occurs at approximately 280 Hz with
a displacement value of 0.15 mm, and the second resonance vibration occurs at approximately
400 Hz with a displacement value of 0.77 mm. The results indicate that the first resonance
vibration frequency can be increased, and the first resonance magnitude can be significantly
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reduced by 94.60 %. The second resonance vibration frequency is slightly increased, but the
second resonance magnitude is enlarged by 14.93 %. Moreover, both the resonance frequency and
magnitude increase with plate thickness for CTS cell Spp.60. As shown in Fig. 16(b), the harmonic
response is significantly affected by the inclined plate and fillet plate. In the case of CTS cell Syp=0
with b = 1 mm, the first resonance vibration is observed at approximately 210 Hz with a
displacement value of 3.54 mm, while the second resonance vibration occurs at about 390 Hz with
a displacement value of 0.10 mm. In the case of CTS cell Syp-60 with b = 1 mm, the first resonance
vibration occurs at about 280 Hz with a displacement value of 0.33 mm, while the second
resonance vibration occurs at approximately 400 Hz with a displacement value of 0.05 mm. It is
evidently shown that the resonance vibration frequency has a similar trend with the P, response
analysis. The first resonance magnitude can be significantly suppressed by 90.68 %, and the
second resonance magnitude can also be suppressed by 50.00 %. In the case of CTS cell Syp=60
with b = 3 mm, the first resonance vibration frequency of the side fillet plate shifts to a lower
value of 188 Hz with a magnitude of 1.22 mm.

Fig. 17 shows the displacement distributions for CTS cells Syp=0 and Spp=60 with b = 1 mm, as
excited in resonance vibration. It is indicated that for the first resonance vibration, the vibration
modes of CTS cells Snp=o and Spy=60 are identical. The top end plate has a large displacement at
both ends and a small displacement at the center, while both side plates move inwards with a
moderate displacement. In the case of the second resonance vibration, the vibration mode of CTS
cells remains consistent. The top end plate has a large displacement at the center and a small
displacement at both ends, while the side plate exhibits almost zero displacement.

frequency=210 Hz frequency=280 Hz

| \\\ N

Snp:O, b =1 mm Sup:60, b =1mm
a) The first resonance vibration

frequency=390 Hz frequency=400 Hz

mm mm
1 1
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0.1 yj/x 0.1
o 0
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>

:
v Lox

b) The second resonance vibration
Fig. 17. The resonance displacement distribution of CTS cells

5. Conclusions

For metamaterial structures, this paper presents a new type of CTS cells with NPR. The CTS
cell is designed from an inward hexagonal structure by filleting the inclined side plates. The static
behavior, vibration modality and harmonic response of CTS cells were numerically computed by
using the FEM. The characteristic parameters were analyzed, and a compression test of CTS cell
Sup-60 was conducted to verify the numerical static analysis. In general, some conclusions were get
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from this study.

The increase of fillet radius can promote an increase of the NPR and the stiffness of CTS cells.
When compared to the original Syp.o with an inclined plate, the CTS cell Spp-100 with a fillet radius
of 100 mm has the NPR value of -3.42 with an increase of 97.69 %. This increase in NPR was
achieved while maintaining the same mass. With the identical condition, the stiffness of CTS cell
Snp-100 is 2.84x10° N/m, which is 504.26 % higher than the original Sy, as the stiffness of the
original Sy is only 0.47x10° N/m.

The vibration frequency of CTS cells is also increased with the fillet radium, but the
displacement distribution of every mode remains almost identical.

The resonance frequency and corresponding magnitude of the harmonic response indicate that
CTS cell can suppress the first order vibration amplitude, and increase the first order vibration
frequency. Compared with CTS cell Syp.60, the resonance amplitude of CTS cell Syp.o is reduced
by 90.68 %, and the first resonance frequency is increased by 33.33 %.

According to these characteristics of CTS cells, the CTS structures are very suitable for
vibration isolation in different engineering applications.
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