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1. Introduction

Recently, Holnicki et al.1) designed an active

shock-absorber system from which one of the

collaborators suggested the concept of a panto-

graph truss as the concept of the Multi-Folding

Microstructure(MFM). We have successfully

carried out control experiments on a fundamen-

tal framework. To develop this new structure,

we must estimate the allowance vanish energy

on the multi-folding method or examine the de-

fense of an important structure against impact.

There are several different folding patterns on

system as a means of controlling the stress of a

member and using the folding characteristics,

to actively regulate it. In this paper, based on

the fundamental concept of MFM, we describe

the correspondence of the numeric verification

and theoretical method according to the dif-

ference with the gaps of asymmetric folds that

are folded in fact. Our main objective is to un-

derstand the adequate behavior characteristics

using the theory of elastic stability and to dis-

cover the elasticity of various folding patterns,

establishing how to fold, and how to create the-

oretical interpretations through control experi-

ments. To observe a large-scale deformation of

the dynamic behavior, we analyze the equilib-

rium equation with only geometric nonlinearity

for a basic truss model. This paper is presented

some interesting mechanism and some results

through the multi-folding simulation to develop

new structures.

2. Theory of Elastic Folding

In this section, we describe the basic mecha-

nism for the multi-folding structure with geo-

metric nonlinearlity as an absorption system

for impact energy.

We assume that the structure is joined by the

elastic stiffness EA of two bars with the ratio

γ = h/L of the height divided by L. How-

ever, there is no stress on the members at the

initial position. For the theoretic approach of

the folding mechanism, we assume that the bar

is not buckled and that it is perfectly elastic.

The elastic buckling model is well known as a

snap-through behavior for 2bar truss.

The energy principle is applied to solve a

force, taking into account geometrical nonlin-

earity based on an elastic stability. In this pa-

per, we think that there is only primary path.

While the length of an initial member is shown

as �0, and the length after the deformation is

defined as �̂.

Consider the total potential energy for 2bar

truss model in the following:
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Rewriting Eq.1, let us show
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here,
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β = EA/(1 + γ2)3/2. Therefore, the non-linear

equilibrium equations based on the principle of

the minimum potential energy are expressed in

the following:(
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From Eq.(3), the main equilibrium path is ob-

tained as global folding of the system in the

following:
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Fig. 1 Folding process by Holnicki et al. experiment in Polish Academy of Sciences
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This equation is primary path for 2bar truss

without bifurcation path.

3. Folding process by the exper-

iment
To develop the active control concept for the

multi-folding system under impact loads, it has

been carried out the real experiment described

by Holnicki et al. in details. The photoghraphs

of the experimental process show in Fig.1. Pic-

ture (A) is the initial location of structural sys-

tem. It is possible to move smoothly along the

vertical direction for all joints and the top point

of the system which there are six same ab-

solvers(stiffness), subjects to the dynamic load.

In this paper, to confirm the process of the fold-

ings comparing with numerical results, the pro-

cess is the picture (A) → (B) → (C) of Fig.1.

4. Local and Global Structural

Instability
In this model, we have not considered the

effects of gravity for all elements. In this ideal-

ized model, the rolling hinges supported on the

walls don’t create any friction problems.

Therefore, it is easy to gain a physical mean-

ing in which there are several equilibrium

curves for different deformations from the max-

imum limit point. Then, this point is called

bifurcation point of the Hill-top type, the eigen-

value also at this singular point is zero. The
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Fig. 2 Static equilibrium curves

primary path goes through zero level of the

height 3h, and the system along this path

can also fold perfectly as well. Other static

paths of this system are shown as bifurca-

tion paths, such as the deformations at BP in

Fig.2. At first, the line of less strength after

BP is one of bifurcation paths as local buck-

ling, which means local snap-through behavior

has occurred at the top couple of members.
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