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Abstract. In this work the experimental  test of Vacuum Packed Particles 

(VPP) under 3-point bending are presented. VPP it is the structure compose 

of grains inside the plastomer coating. When the pressure inside is equal or 

higher than zero structure behave like a liquid, otherwise like a elasto-plastic 

solid. Three types of grain material and different values of underpressure 

were tested. Results presented in this paper will be used in the further work 

for the numerical model validation procedure.  
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1 Introduction  

Due to low density and relatively low production costs the Vacuum Packed Particles (VPP) 

can be competitive alternative for the traditional smart material including 

magnetorheological fluid or electreological fluids. Scientists from around the worlds have 

been investigating the mechanical properties and looking for the engineering applications of 

VPP for many years. In this field, the application process has significantly exceeded the 

approach to modeling. The first and most famous application using VPP is the emergency 

mattress using for transporting the wounded [1]. The another application in medicine is the 

innovatory support for endoscope that allow to change the bending stiffness of the devise. 

The authors of paper [2] described the influence of the grain size for the behavior of the 

whole structure. VPP have also found applications in robotics. The most popular is the 

universal gripper able to carrying devices with different shapes [3]. The other interesting 

application in robotics is the ChemBot described in paper [4]. The smart material described 

in this paper can be also use for the active damping of mechanical vibration or for the crash 

energy absorbing. The interesting devices is the linear controllably linear damper made of 

VPP and described in paper [5]. Other interesting devise is the multiaxial impact damper able 

to absorb the impact energy [6].  

The growing popularity of VPP encouraged scientist to testing and modeling of  this 

structure. From the mechanical point of view VPP behave like a elasto-plastic solid with 

strong hardening. It can be found in literature the plenty of results for the uniaxial test of VPP 
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[7, 8]. Scientists are also working on dynamic test of this structure and the results are 

presented in papers [9, 10].    

Despite the fact that Vacuum Packed Particles are studied in numerous research centers, 

many problems are still unsolved. The previously published results pertained only to the 

behavior of the material in simple uniaxial stress and strain state. There is still lack of material 

characteristic data under complex stress state. In this paper the result of the 3 point bending 

are presented. Test for the different under pressure value and grain type were performed. The 

experiments allow to better understanding of the material behavior under complex stress 

state.  

2 Method of testing 

The tested beam is shown in Fig. 1. The dimension of the elements is equal to 60×20×3000 

(Fig. 3). Beam was formed in the dedicated devise to obtain the correct and repeatable 

dimension (Fig. 3). After proper grain placement the under pressure was set and tests were 

performed on the testing machine SHIMADZU EZ-LX equipped with force load cell max 

5000 kN (Fig. 4) and the special devise for 3-point bending. During the experiments the value 

of force and displacement were measured. The influence of the under pressure inside the 

plastic envelope was tested. Experiments were performed for three different grain material 

what is precisely described in the next chapter.  

 

Fig. 1. Tested beam 

 

Fig. 2. Dimensions of tested element 
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Fig. 3. Form for beam shaping 

 

Fig. 4. Testing machine 

3 Types of material 

In the experiments three types of grain material, illustrated on Figure 5 were tested. Grains 

were ball-shape with diameter 3mm. The same material fitting was used in each beam, equal 

to 66%. The mechanical properties of the grain material are presented in table 1. The VPP 

coating, made of Polyethylene, was the same in each material sample. The yield curve for 

this material is presented in Fig. 6.  
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Fig. 5. Dedicated test stand 

Table 1. Mechanical properties of the grain materials 

 Young modulus 

[MPa] 

Yield stress 

[MPa] 

Nominal strain 

at break [%] 

PC/ABS C12HF 2360 55 >50 

POM C 9021 2500 48 16 

POM MT24u01 2900 65 17 

 

 

Fig. 6. Yield curve for PE 

4 Results   

In this chapter results of the experiments are presented. Force-displacement curve for each 

material is shown (Fig. 7-9). During the experiment three samples for each under pressure 

and material were tested to checked that the results are repeatable (Fig. 13). In the Figure 10-

12 the basic mechanical properties in function of under pressure are presented.   
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Fig. 7. Force/dispalcement curve for PC/ABS C12HF 

 

Fig. 8. Force/displacement curve for POM C 9021  

 

Fig. 9. Force/displacement curve for POM MT24u01 
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Fig. 10. Stress (0.2%) 

 

Fig. 11. Max stresses 

 

Fig. 12. Dissipated energy 

 

Fig. 13. Test for underpressure 0.7 bar 
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5 Conclusions 

In this work the results of the experimental test of Vacuum Packed Particles are presented. 

Three-point bending test was performed to achieve the complex stress state. Three types of 

materials with different underpressure value were tested.  

The results show that underpressure inside the envelope affect the mechanical properties 

of the material (Fig. 10, 11, 12). Beam behave like a elasto-plastic solid with quite large 

elastic part of the strain what can be cause by plastomer envelope which  is stretch during the 

entire process. Vacuum Packed Particles behave in  this system like a composite structure. 

Noticeable is the lack of significant influence of the grain  type on the behavior of the whole 

structure, what was found in case of uniaxial tension and compression. The results obtained 

during the experiments will be used in the further work on the modeling of VPP.  

 

This work was carried out within the project no. 2016/23/N/ST8/02056 founded by National Science 

Centre, Poland.  
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