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Abstract. This paper analyses the mechanism of impact vibration on electronic equipment of the 

sensor and the vibration isolation, as well as buffering mechanism of cushioning materials. And for 

the impact environment of electronic equipment of the sensor, the design of the structure against the 

impact of high overload is made. The vibration isolator of the sensor is developed by using both of 

potting material and the rubber - foam aluminum overlap method. The shock wave is attenuated by a 

multi - layer dielectric absorption technique, and the shock resistance of the sensor system is 

improved. ANSYS software obtains the maximal stress, maximum displacement, stress time curve, 

and displacement time curve of the system for transient impact analysis of the electronic sensor 

equipment. The simulation results validate the rationality of the design method against high overload 

impact. 

Introduction 

The sensor electronics are subject to the interference of mechanical forces, such as vibration, 

impact and centrifugal force being used in the course. Among them, vibration and impact are main 

factors that cause a failure of the electronic equipment of the sensor. Results of related researches 

show that the failure rate of the electronic system caused by vibration and impact is as high as 

50%~60%[1-2]. The electronic equipment of the sensor is subject to the vibration impact of 12g or 

less in a daily storage process[3], and the instantaneous, high-intensity impact of up to 10,000g or 

more when it is used. In particular circumstances, the maximum impact acceleration may be 100,000g 

or more[4]. Conventional sensor electronics generally can only withstand an overload acceleration of 

tens of g, and it is necessary to take certain protection measures for the electronic sensor equipment to 

ensure the normal operation of the system in the applications, such as vibration measurement, impact 

measurement and acceleration measurement[5-6]. Therefore, the technology of the sensor electronic 

equipment against high overload impact is the core technology of intelligence and information of the 

sensor system[7-8]. 

Currently, the impact resistance of the electronic equipment of the sensor is improved by 

increasing the inherent frequency of the circuit board to reduce the probability of resonance[9]. The 

main method to increase overload is potting, which uses the potting material with excellent dynamic 

performance to encapsulate the sensor so that it may be cured into a module. But the inherent 

frequency of the sensor system may also be improved, and the fatigue effect of the system may be 

reduced through the miniature design of the sensor electronics[10]. 

The core device of sensor electronics is PCB circuit, so this paper focuses on analyzing the impact 

resistance of PCB circuit and the damage mechanism of electronic sensor equipment in a vibration 

environment, and proposes the damage mechanism of sensor electronics in vibration and impact 

environment. To ensure that the electronic sensor equipment can withstand 10,000g transient high 

overload impact, a design integrating the potting technology, vibration isolation technology, and 

multi-layer dielectric absorption technology is applied to improve the impact resistance of the 

electronic equipment of the sensor[11-13]. And a modal analysis and high-impact transient analysis 
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of the sensor electronics are provided by ANSYS numerical simulation, which provides a reference 

method for the performance of the electronic sensor equipment against high overload impact. 

Impact resistant design 

The damage mechanism of the impact on the electronic equipment of the sensor 

The electronic sensor equipment will produce a vibration with a frequency of 2kHz or less in the 

process of transport, and if its inherent frequency is less than 2kHz, the probability of high amplitude 

resonance will become larger. If the sensor electronic equipment is subject to an external transient 

impact in use, the maximum overload amplitude of the gravity wave generated by the process may 

reach tens of thousands of g; the high overload stress wave will make the PCB circuit board crack or 

even fracture, and also make the electronic element severely deformed and fail[14]. 

The damage ways of vibration and high impact on the electronic equipment of the sensor are as 

follows: the frequency of the external impact gets close to the inherent frequency of the sensor to 

resonant, and the vibration acceleration thus generated exceeds the overload resistance of the sensor, 

destroying the sensor; the external vibration or shock acceleration continues to occur, and the sensor 

produces fatigue effect due to long-term vibration or impact, degrading or damaging the performance 

of the sensor. 

According to Steinberg formula[15], the following relationship between the maximum vibration 

amplitude and the inherent frequency of the guided electronic equipment is derived: 
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Wherein, fn is the inherent frequency of the PCB circuit, Gout is the acceleration at the maximum 

amplitude of the PCB circuit, the unit is g, and Gout=GinQ; Gin is the acceleration of excitation load, 

and the unit is g; Q is the excitation transfer rate of PCB, and Q=fn
1/2. 

According to the equation (1), to reduce the maximum amplitude, it is necessary to improve the 

system’s inherent frequency. The miniaturized structure has high rigidity and strength, so its inherent 

frequency is higher. Thus, a chip-type electronic component is used to reduce the mass and volume of 

the structure. Meanwhile, the mass of the circuit board is uniformly distributed without affecting the 

performance of the circuit, thus not only improving the inherent frequency but also preventing the 

electronic system from concentrated stress. 

In order to ensure that the electronic equipment of the sensor system can work properly, according 

to the damage modes of vibration or impact the sensor electronic equipment is subjected to, two 

methods are designed to improve the vibration or impact resistance performance of the sensor 

electronic equipment: increase the inherent frequency and reduce the probability of resonance of the 

sensor by optimizing its structure; increase the strength of the sensor and improve its impact 

resistance by adding a vibration isolation device. 

Vibration isolation mechanism 

The purpose of the vibration isolation device is to absorb the kinetic energy of the sensor 

electronics and to attenuate the stress wave so that the kinetic energy of the electronic device itself 

may be absorbed by the cushioning material while reducing the magnitude of the stress wave. Figure 1 

is a stress-strain curve of the cushioning material covering three stages: elastic deformation, yield 

platform, and material compaction[16]. The cushioning material undergoes a long yielding stage 

before compacting. This property determines the energy absorption properties of the cushioning 

material and the yield plateau of the material is relatively small. The material will not transfer a force 

above the platform value before being compacted. The buffer material has a viscoelastic effect and 

transverse inertia effect, so that the stress wave will have amplitude attenuation and wave dispersion 

during the propagation process. 
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Fig.1 Stress-strain curve of potting materials 

Impact resistant design of the electronic sensor equipment 

In order to make the impact resistance of the electronic sensor equipment reach 10,000g, this study 

designs from the potting technology, vibration isolation technology, and multi-layer dielectric 

absorption technology to improve the system's impact resistance. 

1) Potting technology is a non-porous packaging of the sensor to solidify it into a module and is a 

process of energy absorption using elastic-plastic deformation and damping effect of the cushioning 

material. Polyurethane material features low hardness, good elasticity, strong bond, and good 

electrical properties, as well as excellent insulation, insulation and corrosion resistance, so 

polyurethane is selected as potting material. 

2) The vibration isolator is designed with vibration isolation technology so that the isolator can 

store the energy of impact, and the energy stored after the end of the impact may be released in the 

form of free attenuation. The vibration isolator can be classified into metal type, rubber type, and air 

type. The rubber material and foam aluminum are chosen as the vibration isolator in this structure. 

The rubber material features low stiffness, light weight, large damping capacity and can absorb more 

impact energy. Foam aluminum have a very high porosity with a non-uniform structure and a strain 

lagging behind the stress, and the stress and strain curve has a very long straight line segment, so it is 

a high damping material with high energy absorption. 

3) The inevitable reflection and refraction phenomena in the spread of shock wave in the interfaces 

of different media lead to an energy attenuation, which is called the multi-layer dielectric absorption 

technology. Rubber material and foam aluminum are alternately superposed as the vibration isolator 

of the electronic sensor equipment in the design of vibration isolators. 

Numerical analysis 

Basic assumptions and model building 

In this paper, ANSYS finite element software is used to simulate the impact of high overload for 

the structure, and the model is calculated based on the following basic assumptions: all materials are 

the uniform continuous media; the mass of small components is uniformly distributed to the circuit 

board using the total mass equivalent method due to their small size and mass; impact process is an 

adiabatic process. 

1. Simulation model design 

There are miniature parallelepipedic PABC voxels in the sensor electronics with PA = dx, PB = dy, 

PC = dz. The stress on each face is decomposed into a normal stress and two shear stresses, parallel to 

the three axes. 

The stress state at any point within an electronic device can be represented by six stress 

components σx, σy, σz, τx, τy, τz, τxy, τyz and τxz. In general, the stress states at different points in the 

elastomer are not the same. Therefore, the above six stress components describing the stress state of 

the elastomer are not constants, but a function of the coordinates x, y and z. 

Experiments show that the stress components caused by the three stresses are superposed to obtain 

the component of synthesized strain. Assume that the elastic body undergoes positive stress uniformly 

distributed on each surface. According to the generalized Hooke's law, the total of the six stress 

components can be represented by a column matrix {σ}: 
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Written in matrix form: 

{σ}=[D]{ε}                                                                                                                                    (3) 

[D] is called the elastic matrix, and is completely determined by the elastic constants E and μ 

For the system at equilibrium under the action of the force, when the displacement of the rigid body 

coincides with the restraint condition, the total work (the algebraic sum of the work done by the forces) 

of all the active forces in the system is constant to zero. According to the principle of virtual work: 

{σ}T{F}=∫∫∫{ε}T{σ}dxdydz                                                                                                            (4) 

The relationship between the external force and the stress is represented by the imaginary 

displacement and the imaginary strain of the above equation. With the principle of imaginary 

displacement, only an integral equation is needed to solve the displacement, and it can be proved that 

the solution of the extreme value problem and the solution of the differential equation are consistent, 

and both are equivalent under the condition of satisfying the deformation coordination equation. 

Displacement is solved by external force by virtual displacement instead of equilibrium 

differential equation, and the displacement equation of each element is simplified by partitioning grid, 

which is easy to set up and solve. 

2. Simulation of the impact of sensor 

The three-dimensional solid element Solid45 is used in the aluminum housing and the sensor 

electronics while super-elastic element Solid185 is used in vibration isolator and potting material. 

The sensor electronics and the aluminum housing material are linear elastic models, the rubber 

material, and the potting materials are Mooney-Rivilin models, and the aluminum foam is bilinear 

isotropic stiffening linear reinforced elastoplastic material. The solid model of the sensor electronics 

is shown in Fig 2. 

Electronic circuit

Potting adhesive

Vibration isolator
Foam aluminum

Rubbe

Hard aluminum 
housing

Electronic system

Vibration isolator

Foam aluminum

Rubbe

 
Figure 2 The overall model of the sensor 

electronic equipment 

 
Figure 3 Acceleration load curve 

Impact simulation of sensor electronic equipment 

Sensor electronic equipment should withstand a transient impact load of 10,000g. According to the 

impact test method provided for electronic sensor equipment in the standard GJB150.18-86, the 

impact pulse commonly used in sensor electronics is half-sine wave pulse, and the pulse time is 11ms. 

The load curve is shown in Fig 3. 
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Since ANSYS cannot directly load the transient acceleration load, the researchers usually integrate 

the acceleration load twice to obtain a displacement curve of the impact as a displacement load 

imposed on the model. This loading method has two deficiencies: (1)The displacement curve 

obtained by this method is the whole system displacement, while the researchers are concerned about 

the relative displacement of the system; (2)At the end of the actual impact load, the system is damped 

with damped vibration; however, the displacement continues to increase after the end of the shock in 

the simulation, which does not match the actual situation[17]. In order to overcome the above two 

shortcomings, this paper uses an equivalent inertial force load instead of an equivalent displacement 

load. First, the system mass matrix is extracted, and then the equivalent inertial force is obtained 

according to F = ma. 

The time-history post-processor POST26 can be used to view the stress-displacement and 

time-dependent displacement of the model-specified nodes. Figure 4 shows the stress-time-dependent 

curves of the nodes at the maximum stress. Figure 5 shows the displacement versus time of the 

maximum displacements. It can be concluded that the maximum stress and maximum displacement 

of the sensor electronics occur at 6.27ms. Using the general postprocessor POST1, a cloud of stress 

and displacement of the sensor electronics at t = 6.27ms can be obtained. As shown in Fig. 6, the 

maximum stress occurs near the four screw holes and the connection between the electronic 

components and the PCB board, the maximum value is 68.3MPa, and the allowable stress of the PCB 

board is as high as 196MPa, so the structure of the electronic equipment will not be destroyed. As 

shown in Figure 7, the maximum displacement occurs on one side of the PCB board with a maximum 

of 0.0275mm. According to the Lauetal criterion[18]: When the maximum amplitude of the PCB is 

greater than 1.5mm, the surface of the component on the PCB will lead to fatigue failure of the pin 

while the maximum deformation of the structure is only 0.0115mm, in the allowable range. 

 
Fig.4 Curve of equivalent stress 

versus time 

 
Figure 5 Curve of displacement 

versus time 

 
Figure 6 Displacement of the 

overall model (5,000G) 

 
Figure 7 Stress of the overall model 

(5,000G) 

 
Figure 8 Stress of PCB board 

(5,000G) 

 
Figure 9 Displacement of PCB 

board (5,000G) 

Figure 6 shows the minimum stress of the overall model is 0.445MPa and the maximum stress is 

36.5MPa. Figure 7 shows the minimum displacement of the overall model is 0.0063mm and the 

maximum displacement is 0.0571mm. 

Figure 8 shows the minimum stress of PCB board is 0.665MPa, and the maximum stress is 

4.75MPa. Figure 9 shows the minimum displacement of PCB board is 0.0046mm, and the maximum 

displacement is 0.0677mm. 
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Figure 10 shows the chip has a minimum displacement of 0.0416mm and a maximum 

displacement of 0.0425mm. Figure 11 shows the chip has a minimum stress of 0.699MPa and a 

maximum stress of 60.5MPa. 

Figure 12 shows the solder has a minimum displacement of 0.0358mm, and a maximum 

displacement of 0.0381mm. Figure 13 shows the solder has a minimum stress of 0.237MPa and a 

maximum stress of 26.2MPa. 

 
Figure 10 Chip displacement 

 
Figure 11 Chip stress 

 
Figure 12 Solder displacement 

 
Figure 13 Solder stress 

 
Figure 14 Equivalent stress cloud 

 
Figure 15 Displacement cloud 

Figure 14 shows the equivalent stress cloud for electronic equipment at t= 6.27ms. Figure 14 shows the 

displacement cloud for electronic equipment at t=6.27ms. 

Conclusion 

(1) The sensor system is designed with high overload impact resistance based on the impact 

environment of the electronic equipment and the structural characteristics of the elastomer from the 

three aspects of potting technology, vibration isolation technology, and multi-layer dielectric 

absorption technology according to the damage mode of the impact on electronic equipment. 

(2) In the paper, the impact of the structure designed is analyzed by ANSYS software. The results 

of transient shock analysis show that the maximum stress of 58.2MPa appears at the screw hole 

position and the maximum displacement is 0.0115mm. The numerical results show that the system 

can withstand 10,000g overload impact without damage to the structure. 

(3) ANSYS finite element design method replaces the traditional "design - experiment - design" 

cycle, which significantly improves the efficiency of the system structure design, shorten the design 

cycle and reduce costs. The design method of this study also applies to the impact resistant design of a 

variety of fuses. 
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