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Periodic structure performs well in vibration reduction, especially for solving structure vibration 
problems in low-frequency range. In this paper, the periodic mass-spring structure is filled into 
auxetic cellular mount, which mount has good vibration reduction performance in the range of 
middle and high frequency, therefore a novel periodic mass-spring auxetic effect cellular honey-
comb mount is designed. Then, two methods of finite element modelling for this novel mount are 
discussed, whose finite element models are constructed to simulate this novel mount by plate 
element and beam element, respectively. Creating the parameters of the periodic mass-spring 
structure as optimization variables, two models with optimal vibration reduction performance are 
calculated by optimization analysis, and the better modelling method of this novel mount is de-
termined by comparing the vibration reduction performance of the two models. Finally, band gap 
characteristics of the optimized novel mount is calculated by dynamic frequency response. Nu-
merical optimization results show that the novel periodic mass-spring auxetic cellular mount has 
good performance for low-frequency vibration reduction. 
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1. Introduction 

As the natural frequency of modern large ship is low, and the peak value of dynamic load of ship 
equipment is mainly concentrated in low-frequency range, it will cause the resonance and amplitude 
of vibration response. Mount is an important structure to support ship power device, and it can be 
used to reduce the vibration through structure design, and the common methods of vibration reduction 
include isolation, absorption and damping technology and so on [1]. 

Honeycomb material has the characteristics of high porosity and low density, and with a wide 
range of applications in the structure’s lightweight and vibration reduction noise [2]. Banerjee stud-
ied the free vibration characteristics of a honeycomb structure without excitation using an equivalent 
continuum model [3]. Hayes used the micropolar theory to study the dynamic deformation of the 
honeycomb structure of the hexagonal honeycomb cell under vertical harmonic excitation [4]. Yang 
proposed an auxetic cellular mount, which has the good performance of vibration reduction and shock 
resistance [5] 

In view of the periodic mass-spring structure can be used to suppress the phenomenon of low-
frequency vibration, a novel periodic mass-spring auxetic cellular mount is proposed by combining 
the periodic mass-spring with auxetic cellular mount together. Penny simulated the localized resonant 
bandgap characteristics in periodic plates and verified the results in experiments [6]. Diaz studied the 
vibration bandgap of periodic Timoshenko rods in periodic mass-spring [7]. For the low-frequency 
vibration reduction of periodic mass-spring, Liu proposed the concept of local resonant band gap of 
periodic mass-spring, which laid a theoretical foundation for the application of periodic mass-spring 
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structure in low-frequency vibration and noise reduction [8]. Wen applied the local resonant bandgap 
properties of periodic mass-spring in the field of mechanical vibration control, that is, spring-mass 
oscillator is used to further improve the local resonant bandgap of the simplified model [9]. 

In this paper, the periodic mass-spring auxetic cellular mount is proposed, and the size parameters 
of phononic crystal are optimized to obtain the structure with good vibration reduction performance 
in the range of low-frequency. And finite element analysis results are calculated by the Hyperworks 
software. 

2. Structural design of periodic mass-spring auxetic cellular mount 

Periodic mass-spring structure is consisted of three parts: matrix, elastomer and scatterer. Based 
on the structure of auxetic cellular mount, the periodic mass-spring auxetic cellular mount is designed 
by embedding periodic mass-spring into cellular cell. Auxetic cellular cell is used as a matrix, and 
each monocellular is filled with rubber (as a scatterer) and plumbum (as an elastomer). 

In this paper, the periodic mass-spring auxetic cellular vibration reduction system, as shown in 
Figure 2, is consisted of two parts: auxetic cellular mount and steel grillage. The size definition of 
periodic mass-spring auxetic cellular cell is shown in Figure 1, B  is the width of the cell, H  is the 
height of the cell, 38.2    is the concave angle of the cell, b is the width of the scatterer, d  is the 
height of scatterer, and h is the thickness of elastomer, the thickness of both the mount’s plate and 
steel grillage is 6 mm, the thickness of the cellular is 1mm. 

The grillage is reinforced by 20 3  angle steel and 50 50 5 7    T-stub steel, the material is iso-

tropic and the properties of density, Young’s modulus, and Poisson’s ratio are 37800kg mS  , 

200GPaE  , and s 0.27  , respectively. The rubber’s elastic modulus is r 1MPaE  , density is 
31300kg mS  . The plumbum’s elastic modulus is l 40.8GPaE  , density is 3

l 11600kg m  . 

 

Figure 1 Cell structure of periodic mass-spring auxetic cellular mount 

 

Figure 2 Periodic mass-spring auxetic cellular mount vibration reduction system, where L1=2000mm, 
B1=710mm, L2=400mm, B2=224mm, H2=300mm  

The weight of the machinery device is 500kg, which is applied at the upper plate of the mount. 
The vertical harmonic excitation force is applied at the upper plate of the mount, the magnitude of 
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force is 1N, and the frequency range is 10~500Hz, grillage is simply supported on two edges. The 
finite element model of the periodic mass-spring auxetic cellular mount is shown in Figure 2. 

3. Measuring method for vibration reduction system 

The concept of VLD (vibration level difference) is introduced to measure the dynamics response 
of periodic mass-spring auxetic cellular mount. Six measuring points are arranged under the steel 
grillage, as shown in Figure 3. 

Decibels (dB) is often used to measure vibration response in engineering. In the whole frequency 
range (10 ~ 500Hz), the total VLD of p-th measuring point can be expressed as follows: 
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where, L is the mean VLD of M measuring points, 
all
pL is the total VLD of p-th measuring point. 

 

Figure 3 Layout of measuring points in the steel grillage. 

4. Modelling of finite element and vibration reduction optimization 

Optimization method is used to obtain the optimal parameters of periodic mass-spring, optimiza-
tion design variables of the periodic mass-spring are given as follows: b  is the width of the scatterer, 
h  is the thickness of the scatterer, d  is the thickness of the elastomer. As the vibration reduction 
performance is influenced by the periodic mass-spring parameters of each cell, therefore the design 
variables of the periodic mass-spring are distributed from top to bottom in order, 1 7, , bb   are the 

width variables of the scatterer, 1 7, ,h h  are the thickness variables of the scatterer, 1 7, ,d d  are the 

width variables of elastomer. The upper limit of the maximum equivalent stress constraint is used to 
ensure the requirement of strength, and the maximum mean VLD of the measuring points is taken as 
the objective function.  

Vibration reduction optimization model of this mount is  
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where, scatterer’s width within the range of 1 73 mm , , 10 mmb b  , scatterer’s thickness within 

the range of 1 7,10 mm , 40 mmhh  , elastomer’s thickness within the range of 

1 7 5 mm , , 30 mmd d  , the upper limit of maximum equivalent stress of mount is max 150MPa  . 
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In this paper, two finite element models of dynamic analysis are studied. Finite element analysis 
are calculated by Hyperworks software, modal analysis and frequency response analysis are also cal-
culated in this software. Correspondingly, vibration reduction performance of the two finite element 
models are calculated, respectively. 

4.1 MethodⅠ 

ModelⅠ is constructed by the simplified modelling method Ⅰ, which ignores the influence of width 
of each scatterer in the periodic mass-spring, and the Standard Quad4 element type is used to simulate 
the scatterer, auxetic cellular cell and elastomer in the finite element model. As the width values of 
scatterer are fixed as 1 7, , =8.3 mmb b , that is, the variables of Model-I are only the scatterer’s thick-

ness and the elastomer’s thickness. 
Optimization is calculated by using the modelling method Ⅰ, iteration curves of the design variables 

(the thickness of the scatterer and the thickness of the elastomer) are shown in Figure 4 and Figure 5, 
respectively. The curve of the objective is shown in Figure 6, the mass curve of vibration reduction 
system is shown in Figure 7. 

 

Figure 4 Iteration curve of scatterer thickness. 

 

Figure 5 Iteration curve of elastomer thickness. 

 

Figure 6 Iteration curve of objective. 

 

Figure 7 Iteration curve of mass. 

After extracted the optimization results of this periodic mass-spring auxetic cellular mount, modal 
analysis is calculated, the first order vertical vibration nature frequency of this reduction system is 
25.12Hz. The analysis results, as in Figure 4 and Figure 5, show that the size parameters of each 
periodic mass-spring are quite different, imply that the vibration reduction performance can be better 
realized by setting the different design variables of each cell. The optimized variables’ value are 
shown in Table.1. The mass of the optimized mount is 21.77kg which is higher than the auxetic 
cellular system without adding periodic mass-springs, and the mean VLD of measuring points reaches 
to 11.90dB in the range of 10~500Hz. In the low frequency range of 10 ~ 100Hz, the mean VLD is 
12.27dB, indicating that the novel mount has a good vibration reduction performance in the range of 
low-frequency. 
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Tab.1 Optimal value of design variables (mm) 

Initial value of design variables： 1 2 7 20 mmh h h    , 1 2 7 10 mmd d d     

h1 h2 h3 h4 h5 h6 h7 
40.0 40.0 40.0 28.1 15.1 19.3 23.4 
d1 d2 d3 d4 d5 d6 d7 
5.0 5.0 5.0 12.9 16.7 16.5 14.1 

4.2 MethodⅡ 

The finite element model Ⅱ is constructed with modelling method Ⅱ, and the design variables in 
modelling method Ⅱ concluded three types, 1 7, ,b b  is scatterer’s width and  1 7, ,h h is scatterer’s 

thickness, and 1 7 , ,d d  is elastomer’s thickness. The finite element model of the scatterer can be 

constructed by the CBARL finite element, and the element type of the elastomer is constructed by 
the Standard Quad4 element type.  

Optimization is calculated by the modelling method Ⅱ, the results are as follows. The iteration 
curves of the design variables (the width and thickness of the scatterer, the thickness of the elastic 
body) are shown in Figure 8, Figure 9 and Figure 10, respectively. The variation curve of the objective 
is shown in Figure 11. The mass curve of vibration reduction system is shown in Figure 12. 

 

Figure 8 Iteration curves of scatterer’s width. 

 

Figure 9 Iteration curves of scatterer’s thickness. 

 

Figure 10 Iteration curves of elastomer’s thickness. 

 

Figure 11 Iteration curve of objective. 
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Tab.2 Optimal value of design variables (mm) 

b1 b2 b3 b4 b5 b6 b7 
6.3 5.0 5.5 8.9 4.2 3.6 4.5 
h1 h2 h3 h4 h5 h6 h7 

25.8 20.1 21.7 35.7 16.8 14.2 17.9 
d1 d2 d3 d4 d5 d6 d7 
6.6 8.6 8.7 5.1 15.5 20.6 18.3 

 
After the optimization, the first order vertical vibration nature frequency of this novel mount is 

24.04Hz. The analysis results in Figure 8, Figure 9 and Figure 10 show that the elastomer’s width 
value in model Ⅱ is very different from the fixed width value in the model I. One can conclude that 
the width of elastomer have great influence to the vibration reduction performance. 

The optimized design variables are shown in Table 2. The mass of optimized mount system is 
11.25kg higher than the auxetic cellular system without adding periodic mass-spring, the mean VLD 
of measuring points in the range of 10~500Hz is 12.08dB, and the mean VLD is 12.15dB in the low-
frequency range of 10 ~ 100Hz. 

4.3 Models comparison 

Under the same initial conditions, optimization results show that the vibration reduction perfor-
mance of the two modelling methods is similar. However, the weight is much lighter by using the 
modelling method Ⅱ, which means the modelling method Ⅱ can optimized the vibration reduction 
performance more effectively. 

4.4 Analysis of band gap characteristic for periodic mass-spring auxetic cellular 
mount 

After the optimization of periodic mass-spring auxetic cellular mount, acceleration frequency re-
sponse is reanalyzed to plot the acceleration frequency response curve of the exciting point and the 
measuring points.  

When the structural damping is considered, the acceleration frequency response curves are shown 
in Fig 13, which shows that the existence of structural damping can be used to wider the bandgap. 
The first wide band gap frequency range is 10 ~ 165Hz, the second bandgap range is 185 ~ 500Hz. 
The frequency response curves of acceleration show that the novel mount has a wide band gap in 
low-frequency, which can effectively suppress the low-frequency vibration problem. 

  

Figure 12  Iteration curve of mass. 
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Figure 13 Acceleration frequency response curve with structural damping. 

5. Conclusion 

A novel periodic mass-spring auxetic cellular mount is designed by fill periodic mass-spring into 
conventional honeycomb structures, and the comparison of the two finite element models shows that 
the optimization effect of model Ⅱ is better. The research of this paper provides a design method for 
vibration reduction. 
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