Adaptive crash energy absorber based on a granular jamming mechanism
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Abstract. The following discussion concerns the use of innovative smart materials

called vacuum-packed particles (VPP) as active energy absorbers. VPP, also known as a t:,::':.

granular jamming system, is a structure composed of granular media contained within an

elastomer coating. By changing the vacuum pressure inside the coating, it is possible to

control the mechanical properties of the structure. VPP have many applications, e.g. in .

medicine, robotics and vibration damping. No attempts have yet been made to use VPP to ' —oma Phiide Spherical joint

absorb the energy of a collision, although given their properties, this could very well be
an interesting application. In the first part of the paper, the general concept of the

aluminium alloy
absorber is presented. Then a protype and the empirical tests conducted are precisely [

Spring —
described. The middle part of the paper considers the basic properties of VPP and ]
modeling methodology. A proposal for a constitutive equation is presented, and a Displacement Fig.13. FE model
numerical simulation using LS-Dyna was performed. In the final section, the concept of a Fig.5. Conceptual absorber characteristic. o] s :
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Fig.10. Energy in function of vacuum pressure:

3. Adaptive parking post
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Fig.7. Test stand. Fig.8. Force-displacement curve.
2. General concept of the absorber — design and tests 3. VPP modeling e —
4. Conclusions
1 0,./-(2,6,T, p)? . By means of the vacuum pressure parameters, it is possible to control
P = Esi}-si}- — yf =0 the dissipation of crash energy over a wide range using the granular
) . jamming mechanism.
\lenfication of Dissipation strategy VPP adaptation 0,,, (58T, p) = oy+(e, E_’ T.p) l_f Iz >0 . VPP modeling using a modified Johnson-Cook model, called JC-p,
Oy &, & 1,p) I i makes it possible to predict the behavior of the material very well.
2 ﬂ v+ y-(&,T,p) ifI; <0 kes it possibl dict the behavior of th ial [
( i 7 Wy . A parking post could be a potentially attractive application of a smart
3-’9 H"mﬁﬂg
A absorber using the granular jamming mechanism, although further work
Fig.3. Block diagram. : Y- Is required.
g 9 ale,§T,p)=(a+fp+ ¥+ yp)e )1 . During the research work, some disadvantages of VPP structures were

- £ noticed that could limit the potential for being used in real objects, i.e.
+(Z—pp)In E_ ), the low density of dissipated energy or limitations in the control speed
o of the device.
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