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Abstract - Shock Testing is an essential evaluation criterion to assess the performance of newly designed systems for their 

dynamic performance. There are various methods to generate a shock pulse for shock testing, like free fall drop test, horizontal 

impact, kick, and explosion. The primary purpose of this research is to design and characterize the pulse shaper of neoprene 

rubber for Shock testing of heavy objects. This paper presents an implicit Finite-Element (FE) model of the impact of a test 

table on a rubber disc. The FE model is used to study the influence of drop height, the mass of the object, and the thickness of 

the pulse shaper on shock pulse characteristics. Shock tests were also conducted on the test stand, and a comparison of the 

results from the FE and experimental data is presented in this paper. 
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1. Introduction 
Ground tests are the most critical task in approving new 

engineering, scientific, and technological solutions. They 

also detect possible design and technical errors made in 

designing and manufacturing. Shock tests are essential to 

experimental ground tests of products since the theoretical 

derivation of shock-related phenomena is tedious, 

cumbersome, and nonlinear. The shock pulse shape, 

amplitude, and duration are controlled as a function of the test 

table and the object’s total weight, impact speed, and various 

pulse-shaping materials placed on the impact surfaces [1]. 

 

There is a paramount concern for devices with high 

acceleration applications, such as missile control systems. 

The acceleration pulse shape is critical to high acceleration 

shock testing as clean, consistent pulse shapes are highly 

complicated to obtain [2]. High acceleration shock test 

methods include Hopkinson pressure bar (HPB) techniques 

[4, 5]. 

 

A structure should resist shock, i.e. bear shock loads 

without destruction and function normally under 

environmental shock loads. Shock stability and shock 

resistance cannot be verified in full scope by a design method 

and are certified only in the case of their tests on shock stands. 

 

A component or system should resist shock and function 

generally under environmental shock loads. However, a 

design method cannot verify shock stability and resistance in 

totality and is certified only in the case of their tests on shock 

stands. 

 

A Shock testing stand is a mechanical device that applies 

a mechanical shock to equipment under test. The test item is 

placed on a table that impacts a pulse shaper material in the 

horizontal impact method. This impact generates a shock 

pulse on the test object. The following three parameters 

define the shock pulse's shape, including its amplitude and 

time duration.  

• Mass of the object 

• Stiffness of pulse shaper 

• Drop Height 

 

There is various material used as pulse shaper to generate 

a shock pulse. For a half sinusoidal pulse, generally, 

elastomers are used as a pulse shaper material l [7]. In this 

study, a Neoprene rubber is taken as pulse shaper material, 

and its properties have been established for FEM simulation. 

FEM simulation is carried out for a different combination of 

object masses, pulse shaper stiffness, and drop heights. Shock 

tests were also conducted on pendulum-type horizontal shock 

testing machines to validate the FEM model. 

 

There are very few shock test machines available around 

the globe, and they have limited capacity. This paper presents 

the characterization of acceleration pulse on a shock test 

https://www.internationaljournalssrg.org/
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machine for neoprene rubber. The Comparative study of the 

influence of varying mass, drop height, and pulse shaper 

thickness on pulse shape is done for the neoprene rubber 

material.  

 

The literature on the neoprene rubber material is 

unavailable, and the author has studied this in this paper. The 

selection of pulse shaper material is the most important task 

for shock pulse generation. The pulse's shape and magnitude 

depend on the shaper material properties. Usually, elastomers 

are used to generate a half-sign pulse. There are various 

elastomers, i.e., Natural Rubber, Nitrile Butadiene Rubber, 

Neoprene Rubber, etc., are available for pulse shaper 

material; Neoprene material is selected by comparing 

different properties for the pulse shaper like rebound and tear 

resistance. 

 

2. Mechanical Properties of Pulse Shaper 
There are several methods to generate a half-sine pulse. 

However, using elastomer as a pulse shaper is the most 

widely used technique. This is because the elastomer's 

mechanical properties define the shock pulse's amplitude and 

time duration. For this study, a rubber disc made of a special 

Neoprene compound has been developed for heavy-weight 

impact. During the impact, the disc is only subjected to 

compression. Hence, the mechanical properties in static 

compression have been established in accordance with 

ASTM D 575 [8] for three specimens. The test specimen size 

was Ø28.5 mm x 15 mm, as shown in Fig. 1. 

 

 
Fig. 1 Test Specimen for Compression Test 

 

 
Fig. 2 Test Set up for Compression test 

 
Fig. 3 Loads vs. Deflection graph 

 

Force was applied with a deflection rate of 12 mm/min. 

Force was measured for each step of 0.5 mm up to 8.5 mm 

deflection. The average force vs. deflection result is shown in 

Fig. 3. Fig. 3 depicts that the initial stiffness until 5 mm 

deflection is linear, post which the deflections become 

nonlinear. 

 

3. FEM Simulation  
This study aims to compare and correlate the FEA results 

of acceleration response on the test object with experimental 

results during the shock test and then analyze the effect of 

different variables on the shock pulse shape. A numerical 

model is developed to analyze the acceleration response on 

test objects during impact on the pulse shaper. A schematic 

diagram of the Horizontal Shock Testing Machine (STM) is 

shown in Fig 4. 

In this study, pulse shaper(s) is fixed with a suspended 

structure called buffer mass, and the test object is rigidly 

connected with the striker. The test object is released from a 

predetermined height and impacts the pulse shaper, resulting 

in a shock pulse on the test object. 

 
Fig. 4 (a) Schematic diagram 2D representation of the problem 
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Fig. 4(b) Schematic diagram of Horizontal Shock Testing 

Machine 

 

In the present analysis, the impact is simulated as an 

axisymmetric problem using the implicit method. The 

implicit method provides a high level of accuracy as 

compared to the explicit approach. Finite element (FE) code 

ABAQUS 6.12-1 has been used for impact simulation.  

 

Since the loading and geometry of the test object are 

symmetrical about the axis, the impact is simulated as an 

axisymmetric model. Therefore, it is considered that the test 

object is rigidly connected to the striker, and both parts are 

modeled as integral parts of the test bed. 

 

In the present simulation, the size of each shaper was 

Ø520 mm x Ø180 mm x 50 mm. Simulations were carried 

out for three pulse shaper thicknesses: 200 mm, 300 mm, and 

400 mm. The required pulse shaper thickness was achieved 

by using multiple shapers. Similarly, the length of the test 

object was calculated to get the required mass value. 

The next step after the geometrical model is a material 

model. This step assigns material properties to each part of 

the assembled structure. There are a total of five elements in 

the assembly. All the elements, except the pulse shaper, have 

been modeled using Young's modulus 200GPa, Poisson's 

ratio 0.3, and density 7850 kg/m3. 

 
Table 1. Geometrical parameters for the model 

Sr. No. Part Name Parameter Values (m) 

1 Buffer Mass 
Diameter Ø2.3  

Length 1.5 

2 Striker 
Diameter Ø0.2 

Length 0.26 

3 Striking Plate 
Diameter Ø0.6 

Thickness 0.05 

4 Pulse Shaper 

Outer Diameter Ø0.52 

Inner Diameter Ø0.18 

Thickness 0.05 

5 Test Object Diameter Ø0.2 
 

Table 2. Element types used for the model 

Sr. No. Part Element Types 

1 Buffer Mass CAX4R 

2 Striker CAX4R 

3 Striking Plate CAX4R 

4 Pulse Shaper CAX4RH 

5 Test Object CAX4R 
 

Since the pulse shaper is rubber, it is modeled as 

Hyperelastic material. A hyper-elastic material model derives 

its stress-strain relationship from a strain-energy density 

function. Therefore, a suitable strain energy function is 

required to model the hyper-elastic material. The "best" strain 

energy function is the one that best matches the experimental 

data over the stretch range of interest. The test data has been 

evaluated with different energy functions to define the strain 

energy function, and the Yeoh model was the best-suited 

strain energy model.  
 

A mesh convergence study was carried out for the model. 

The mesh convergence was carried out with an element size 

of 1mm. Element type and no. of elements associated with 

different parts of the model are given in Table 2. 

The simulation was done using Implicit FE code, and 

impact velocity was given to test the object as an initial 

condition. Different impact velocities have been used for 

each mass and each pulse shaper thickness. Impact velocity 

is calculated for different drop heights as 100 mm, 200mm, 

300 mm, 400 mm, 500 mm, 600 mm, and 700 mm for 

simulation. 
 

Acceleration amplitude, time period, and maximum 

strain in the pulse shaper were recorded. The result data of 

acceleration contains some numerical noise, as shown in Fig. 

5. 

Fast Fourier Transform (FFT) was done to find out the 

numerical noise content of the data. FFT of the same data is 

shown in Fig. 6. 

 

 
Fig. 5 Unfiltered acceleration and displacement data 
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Fig. 6 FFT of unfiltered acceleration data 

 

 
Fig. 7 Filtered acceleration data 

 

 
Fig. 8 Acquired acceleration-time data 

 
Fig. 9 FFT of original acceleration data 

 

 
Fig. 10 Filtered acceleration-time data 

 
After FFT analysis, it was found that frequencies above 

150 Hz could be filtered out. So, the unfiltered data was 

filtered with a low pass filter with a cut-off frequency of 150 

Hz. A filtered acceleration data is shown in Fig.7 

Filtering was done for all the runs for the simulation. 

After filtering, the acceleration amplitude and time period 

were obtained, and the results have been described in the 

Results and Discussion section. 

 

4. Experimental Details 
In this experiment, pulse shaper(s) was mounted on a 

suspended heavy structure named buffer mass, and it was 

subjected to an impact by the striker of the test table (Fig 6 

refers) with an initial velocity attained from a predefined drop 

height. Initially, the test table is pulled by a winch 

mechanism, and after getting a preset drop height, it is 

released, resulting in an impact on the pulse shaper. As the 
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striker compresses the pulse shaper during the impact, a 

reaction force is transmitted to the test table. During the 

impact process, as the velocity of the test table becomes zero, 

the shaper is in its maximum compressed state. Then, as a 

result of the reaction force, the test table again regains 

velocity and rebounds away from the shaper. After that, the 

shaper regains its original position or shape.  

 

For the experiments, a piezoelectric accelerometer having 

a sensitivity of 10 mV/g was mounted on the test table near 

the impact point. The sampling frequency of data acquisition 

was 8192 Hz. With such a higher sampling frequency, there 

are electrical noises in the time data signal. Acquired 

acceleration-time data for pulse shaper thickness of 200 mm, 

drop height of 100, and mass of 4500 kg is shown in Fig. 8. 

The noise should be eliminated from the signal to get the 

actual acceleration response of the structure. Therefore, the 

noise content in the signal is analyzed in the frequency 

domain with Fast Fourier Transform (FFT) analyzer. FFT of 

the above-shown acceleration- time data is shown in Fig 9. 

 

FFT analysis of original data results that frequencies 

above 400 Hz can be eliminated from the original data. The 

acquired time history data was passed through a low pass 

filter with a cut-off frequency 400Hz to eliminate the noise in 

the data signal, and the result is shown in Fig.10. 

Positive and negative values in acceleration - time data 

depend on the positioning of the accelerometer mounting and 

its direction. Adequate and suitable data was acquired for 

varying mass, pulse shaper thickness, and drop heights. After 

filtering, these test results were compared with FEM results 

and have been reported in the Result and Discussion section. 

 

5. Results and Discussion 
This simulation obtained results for various masses, 

pulse shaper thickness, and impact velocities. The 

displacement and acceleration during impact have been 

observed to be a half-sine curve. A displacement graph is 

shown in Fig.11. Experimental values for the same impact 

velocities have also been recorded.  

 
Fig. 11 Displacement graph of shaper for impact velocity 1.4 m/Sec, 

shaper thickness 100 mm and mass 4500 kg 

Table 3. Result summary of experimental and FEM solution for mass 2100 kg 

Pulse Shaper 

Thickness (mm) 

Drop Height 

(mm) 

Acceleration Value (g) Time Period (ms) Maximum Strain 

(%) % Error % Error 

200 

100 11.2 3.0 7.3 

200 9.20 4.4 9.7 

300 7.62 5.9 12.1 

400 3.4 4.7 14.1 

500 3.72 .0 15.5 

600 6.73 3.6 16.9 

700 8.08 -1.6 18.2 

300 

100 10.59 7.1 7.0 

200 2.52 8.0 9.3 

300 5.12 8.2 11.8 

400 6.15 8.1 13.7 

500 4.04 6.8 15.0 

600 5.02 8.3 16.4 

700 6.64 8.5 17.9 

400 

100 5.14 0.7 6.2 

200 4.67 -0.7 8.3 

300 5.43 1.6 10.4 

400 4.61 2.3 12.1 

500 5.33 1.2 13.3 

600 6.42 2.1 14.5 

700 7.32 1.8 15.8 
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Analysis was done for the acceleration response of the 

test object and maximum strain in the pulse shaper for each 

run. Acceleration response was analyzed based on 

acceleration amplitude and time period. FEM results were 

compared with experimental results, which agreed well with 

the experimental results. FEM and experimental results are 

tabulated in Table 3, Table 4, and Table 5 for impact mass of 

2100 kg, 4500 kg, and 7000 kg, respectively. 

Table 4. Result summary of experimental and FEM solution for mass 4500 kg 

Pulse Shaper Thickness 

(mm) 

Drop Height 

(mm) 

Acceleration Value(g) Time Period(ms) 
Maximum Strain (%) 

% Error % Error 

200 

100 1.1 11.1 10.8 

200 1.7 6.7 14.4 

300 2.6 7.0 17.9 

400 1.6 7.0 20.6 

500 5.0 3.5 22.6 

600 3.0 2.4 24.7 

700 2.9 2.4 26.6 

300 

100 1.7 13.4 10.4 

200 0.8 13.6 13.9 

300 0.9 13.8 17.4 

400 4.2 13.0 20.2 

500 5.3 12.5 22.3 

600 8.4 13.1 24.3 

700 5.6 12.3 26.3 

400 

100 4.2 15.6 9.2 

200 6.5 15.8 12.8 

300 1.4 17.1 15.5 

400 2.8 17.3 17.9 

500 5.3 17.1 19.7 

600 10.0 17.3 21.5 

700 9.0 17.3 23.2 

Table 5. Result summary of experimental and FEM solution for mass 7000 kg 

Pulse Shaper Thickness 

(mm) 

Drop Height 

(mm) 

Acceleration Value(g) Time Period(ms) 
 Maximum Strain (%) 

% Error % Error 

200 

100 2.9 9.9 13.3 

200 6.1 7.4 17.8 

300 6.8 9.4 22.1 

400 5.2 9.4 25.9 

500 2.8 12.4 27.7 

600 5.5 11.5 30.0 

700 7.5 9.8 32.2 

300 

100 4.3 3.6 12.9 

200 4.5 3.8 17.3 

300 3.5 3.5 21.6 

400 1.0 3.8 25.0 

500 10.0 3.9 26.3 

600 11.1 -1.4 28.6 

700 12.0 -1.4 30.9 

400 

100 10.0 48.3 12.1 

200 11.9 65 16.3 

300 10.3 81.1 20.3 

400 12.5 93.8 23.5 

500 12.7 98.8 24.7 

600 12.4 107.4 26.8 

700 11.3 115.9 29 
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6. Effect of Drop Height and Pulse Shaper 

Thickness on Acceleration Amplitude 
A comparative study was carried out for the effect of 

drop height and pulse shaper thickness on acceleration 

amplitude. It was concluded that acceleration amplitude 

increases by keeping the mass and pulse shaper thickness 

constant and increasing the drop height. Similarly, keeping 

the mass and drop height constant and increasing the pulse 

shaper thickness will decrease the acceleration amplitude. 

Variation of acceleration with drop height and different pulse 

shaper thickness is shown in Fig.12, Fig.13, and Fig.14 for 

mass 2100 kg, 4500 kg, and 7500 kg, respectively.

  

 
Fig. 12 Variation of acceleration with drop height and different pulse shaper thickness for mass 2100 kg 

 

 
Fig. 13 Variation of acceleration with drop height and different pulse shaper thickness for mass 4500 kg 

 

 
Fig. 14 Variation of acceleration with drop height and different pulse shaper thickness for mass 7000 kg 
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7. Effect of Drop Height And Pulse Shaper 

Thickness on Time Period 
A subsequent study was done for the dependency of the 

time period on drop height and pulse shaper thickness. It was 

observed that the time period is not dependent on drop height 

for constant mass and drop height. However, keeping the 

mass and drop height constant, increasing the pulse shaper 

thickness will increase the pulse duration. Variation of the 

time period with drop height and different pulse shaper 

thickness is shown in Fig.15, Fig.16, and Fig.17 for mass 

2100 kg, 4500 kg, and 7500 kg, respectively. 

 
 Fig. 15 Variation of the time period with drop height and different pulse shaper thickness for mass 2100 kg 

 

 
Fig. 16  Variation of the time period with drop height and different pulse shaper thickness for mass 4500 kg 

 

 
Fig. 17 Variation of the time period with drop height and different pulse shaper thickness for mass 7000 kg 
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Fig. 18 Variation of acceleration with drop height and different mass 

 

 
Fig. 19 Variation of the time period with drop height and  different mass 

 

8. Effect of Mass on Acceleration Amplitude 

and Time Period 
The subsequent study was done for the effect of object 

mass on acceleration. It was found that keeping the pulse 

shaper thickness and drop height constant and increasing the 

object mass will decrease the acceleration amplitude on the 

test object. Variation of acceleration with drop height and 

different masses is shown in Fig.18. 

 

FEM and experimental results were analyzed for the 

effect of object mass on time period. It was concluded that 

keeping the pulse shaper thickness and drop height constant, 

increasing the object mass will increase the time period of the 

shock pulse on the test object. Variation of the time period 

with drop height and different masses is shown in Fig.19. 

 

9. Conclusion 
In this study, shock pulse has been determined for three 

impact masses of 2100 kg, 4500 kg, and 7000 kg. The shock 

pulse of each mass has been varied with different pulse 

shaper thicknesses of 200 mm, 300 mm, and 400 mm and 

drop heights of 100 mm to 700 mm with an interval of 100 

mm. The dependency of acceleration amplitude and time 

period on these variables has been shown in various graphs.  

The following are the significant observations made 

from this study. 

• The deviation in acceleration amplitude of FEM results 

compared with experimental results is less than 13%. 

• Acceleration depends on drop height and pulse shaper 

thickness for a given mass.  

• Increasing the drop height will increase the acceleration on 

the test object, and increasing the pulse shaper thickness 

will decrease the acceleration value. 

• The time period mainly depends on pulse shaper thickness 

and increases with an increase in the pulse shaper thickness. 

• There is no effect of drop height on the time period. 

• The Acceleration decreases with an increase in the mass of 

the test object. 

• The Time period increases with the increase in mass of the 

test object. 

• The Maximum strain on the pulse shaper was observed as 

32 %, less than the permitted strain value of 40%. 
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