STATICAL MODELSTO ILLUSTRATE SPECIAL INSTABILITIES
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Summary The paper shows models to illustrate some sperstbility. Three models belong to the cusp caipbt. They have point-
like instability, stable-X or unstable-X point offdrcation, respectively. Two models illustratessas of the double cusp catastrophes,
where the homogeneous quartic parts of the potemtéxgy functions have two distinct or two coirgiti real roots. The equilibrium
paths of the perfect and some imperfect structumdsseveral imperfection-sensitivity curves willgyresented.

Classification of instabilities

Elastic structures carrying one-parameter conseeséads will be analyzed. Following the primaryudibrium path
the structure loses its stability when its totalgmbial energy function has a degenerate critioattp Catastrophe theory
classifies the degenerate critical points ([1])offfs theorem has given canonical forms of the @lp@atastrophes
when the number of the parameters is less thaf B potential energy functions depend on the [madmeter and the
imperfections. The load parameter has a specialwbich is different from the role of the imperiect parameters, so
they cannot be mixed by the necessary transformatm achieve the canonical forms. This is whyleckssification is
needed for the stability theory of structures. @nagy the load parameter we will have a route ingheameter space.
These routes may cross the bifurcation set quabist different ways ([2]), i.e. they belong to fifent classes
according to the stability theory.

In the case of the (standard and dual) cusp cafdstrwe have the stable-symmetric and unstable-gymanpoint of
bifurcations, respectively, when the route crosshliurcation set, and typically there is a cutqodint when the route
remains outside of the cusped region. But speeiaég of these routes result in lip singularity,(j2] 85) where the
equilibrium path has a point-like instability. e routes remain inside of the cusped region we lzateak-to-beak
singularity which will be called as a stable-X ar anstable-X bifurcation in the case of the staddamd dual cusp,
respectively.

If the smallest critical value of the load parameés$ea double eigenvalue of the Hessian matrixhefotential energy
function, and the function is symmetric in both kling modes, then the perfect system must exhibibbthe double
cusp catastrophes, which are not included in Thaheésrem (because they need more than five coptn@meters).
Double cusp catastrophes are classified accordiriget root structure of the homogeneous quartits drthe (potential
energy) functions ([3]). In the case of the Augustidel ([2], p. 144) there are four real roots (&mdar secondary paths
cross the primary equilibrium path). If a guyedttaver was supported by more than four springp (#en there were no
real roots, and the number of the secondary patissegual to the number of the springs. Here we shodels to which
two real roots belong, and they are distinct oncidient.

Model for the point-like instability
The model shown in Figure a) consists of two linéao rotational springs and two telescopic elemelnt the case of
the perfect structure both linear springs have lenigth and their stiffness acel. The stiffness of the rotational springs
are 3, and they are free of stress when the tgdesawembers are horizontal. The vertical dead etd on the middle
hinge. We introduce two imperfections: the lengtlthe linear springs aré=1+ &, and there is also a horizontal load
with magnitudeg, . The critical load of the perfect structure/AS = 0. The potential energy function can be split into
an active and a passive part. The active part has the form:

V, =05x* + (01251 — £, )x* — £,x ,
so equilibrium path of the perfect structure igraight line and every point of it belongs to seablates. The structure is
not sensitive to imperfections. For some imperéedithe equilibrium path separates into a staldeaaciose curve.

Model for the stable-X point of bifurcation
The model (Figure b) consists of two linear springsdenotes the stiffness in both tension and comimrgsandl, is

the stress free length of th#h spring. Letc, =1.985177808c, =11, =04,1, =0.7. In the critical state:xx®™ =0,
y* =0.5157563683\" =0.4455533422 The active part of the potential energy can Besformed to the form:
V, =1,494072598" —0.6706428262%,

where A = A —= A" . There are three straight equilibrium paths: theiwal one is unstable while the other two arélsta
The structure is not sensitive to imperfectiongeénfect structures do not lose their stability whemload increases.
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Model for the unstable-X point of bifurcation
The model is a (vertical) hinged cantilever (Figa)ecomprising a link with normal rigiditk=4, pinned to a rigid
foundation and supported by a linear rotationaingpof stiffnessc=1. In the critical statep” =0, h" =05 A" = 2

The active part of the potential energy can besftamed to the form:
1 1
V, ==+ V¢’ - ¢,
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where A =A-A" and ¢ =¢ for the unloaded imperfect structure. There aredtstraight equilibrium paths: the
vertical one is stable while the other two are aiplst. The structure is very sensitive to imperteai A = 1(125)”3.

M odelsfor double cusp catastrophes
The model (shown in Figure d) comprising a rigitk]ipinned to a rigid foundation and supportedvay $prings. The
linear spring is always parallel with axis The trivial equilibrium path is given bx=y=0. The critical load is

A" =1. The truncated Taylor expansion of the energytfands:
2 2 4 24,2 4
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There are two secondary paths: one of them belamgmsitive values ofd , and is unstable, the other belongs to
negative values ofd, and its points are critical. These equilibriurates falls into three paths for a region of the
imperfections.

The model (shown in Figure e) consists of two g®jrthey are always parallel with a coordinate.akie force in the
second spring depends nonlinearly on the elongafibe critical load isA” =1. The truncated Taylor expansion of the
energy function is:

1 4 1 2,,2 /1 2 2

8x 4xy 2(x +y).

There are two equilibrium paths, both belongs tgatige values ofl . One of them is unstable, the points of the other
are critical. These equilibrium states fall intoeth paths for a region of the imperfections.
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