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Abb. 1. Rechteckplatte mit den vier Parametern p, I, u, »

ADbDb. 2. Nicht Leschriankt-generischer Verzweigungsfall (v = 0), da fiir 1 = 1¢ H
cine Gabelverzweigung vorliegt (IFall A) und fiir 4 = Ap vier Ldsungen gleich- iS
zeitig auftreten (Fall B) (fy = 0. punktiert, f, = 0. strichliert) ¥

gungspunkte gleichzeitig auf, d. h. es kommen vier Lésungen (**) hinzu (Fall B). Beschrinkt-generische Verzwei-
gungen erhdlt man nur fir 4 # 0, » 7 0 und unter Ausschlufl spezieller Werte von u/v ([6]). Dann ist ndmlich der
Fall ausgeschlossen, dafl sich die beiden Lésungskurven f; = 0, f, = 0 von (4) fiir ein A = Ap in zwei verschiedenen
Punkten beriihren.
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Incremental Formulation ot the Non-Linear Theory of ’l‘hin.Shells
in the Total Lagrangian Deseription

Consider the middle surface of a thin shell in three different configurations: the undeformed 4, the:deformed M and
the superposed /. The geometric parameters associated with «# and J are described in detail in [1], while those
associated with «# will be marked by a tilde over the symbol. With the superposed deformation x: MM we
assoctate the following deformation parameters which are referred to the geometry of «#: the displacement vector

-u = ¥ — 7, the difference vector § = ft — m, the strain tensor y = 4 (G{G; — GIG,)and the tensor of change of
curvature x = —(GTbG; — GIbG,). Analogous parameters associated with the initial deformation yo: M —
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and with the total deformation y,: # —# will be distinguished by naught or unity as subscripts, respectively. In
particular, G; = @, ¥ a* + #t QY n and Gy = @, Q) a* 4 n Qn are here the deformation gradient tensors of %, and
%os respectlvely, and G; = GG,

It is easy to show (2] the following additive decomposition

U = Uy + U, B:=8,+8, Yi=% t+7¥, ay =g 2 (1)

Let % be the middle surface of a shell in an equilibrium state, under the surface force P, per unit area of A,
and under the boundary force T, and the boundary static moment H,, both per unit length of £. The associated

with o/ symmetric Lagrangian internal stress resultant and stress couple tensors Ny and M,, referred to «, are

related to the Eulerian stress measures of </ by the formulae N, = Jaja G,N,GT and M, = }/a/d G,M,GY. If p,,
TO, H,, N,, M, are analogous Lagrangian force parameters, referred to J, assomated with the eq\uhbrmm state of

M, the appropriate force parameters associated with M can be decomposed additively as follows
pr=p+p, Ty=Ty4+T, H=H+H, N=N,+N, M=M+4+M 2)

where the unmarked paraineters appear as a result of the superposed deformation y.
Since the initial deformation y, does not change during the variation, the principle of virtual displacements

for the superposed configuration o, but referred to the undeformed configuration , takes the form {2, 3]

[ [(Ny + N) - 8y + (M, + M) - b] dd =

Al

= [J(po+p) - budd + [[(To + T) - ou + (Ho + H) - 08] ds . 3)
g

In general, y, # and 8 are complex non-linear functions of # in «# and of u, 8, =wv - 8 at &, {1, 3]. The exact
transformation of (3) for an arbitrary superposed deformation y leads to extremely complex local shell equations
which will not be presented here. In the case of a small superposed deformation y the principle (3) may be linearized
to the form

[f (Ny- 898 + My - 8% + N - 5p~ & M- 6%) dA — [[p-dudd — [ (T - du+ H- 5% ds +.
M ol ey

+ [ (N O™ + M, - 0x)dd — [[p,- oudd — [(Ty-0u + Hy- 68" ds =0 (4)
M M €.
where '
Syap =% (@x- BUp+ T~ Su,),  Sugp = - (@ymmpbu; — Sutiyp)
1 - _ _ (5)
‘W:a?[(” xn)(n-cgéu)-{—a,(v-éﬁfb)], @ =v-a,,
6’})2,5 = % 6u,a . 6“),3 3 6%3,3 = % [;;ﬂal,u(ﬁ . 6“11) n- 6u”u -+ (ﬁ . 611,,1) E" . 6“][0‘,3 oy : (6)

and 43 is approximated at &, only by its linear part.

The last line of (4) represents the condition for «# to be in equilibrium. Therefore, it should vanish for exact
values of the initial stress measures N; and M, However, due to the numerical errors in computing procedures and
due to the approximation involved in the linearized principle (4), some residual surface, boundary and corner forces
may appear, which are defined by [1, 3]

Pr = (GONg)]ﬂ +p0 in A B ]

d ¥ 7
PR—(GNﬂVﬂ+ FO) (T°+i(f‘s—0)’ Mg =M, — M on &, ()

Fp; = Fo; — F§; at each corner M; € &
where
NE = (NP — DEMP) @, + [M5Pla + 3By — Yiue) M¥F]n,

(8)
1 _ 1
Fy= — gl X @) o] M, My = 5 (7 X @) @ Mgy .

14

Applying Stokes’ theorem to other terms of (4) and integrating by parts we obtain the following local equili-
brium equations and associated static and geometric boundary conditions

(GNP + SH)ls +p +pR =0 in J,
dF*
(GN’S—{—Sﬁ)vﬂ-[— ~(F+Cy) =T +———Pa, M+EK=DH*—Mx ont, )
F; + Cyp; = Fj — Fp; at each corner M;e¢ &,
u=u*, B, =pBF on &,; w; = uf at each corner M,;€ b,.
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Here N®, F and M have the structure of (8) but expressed in N*#, M+ and
S8 = NP, + @b, M - w,) B — [ M5 - 1) @) + MY@ - wp)
- aaﬁ(2?’£%[e - Vgela) Mgé’(ﬁ -u,) @, (10)

| S _ — 1
Cy= — - [(n X @) v]@ -u,) MPymn, K, = o [(mx @) a] @ u,) Mifrg.

The geometric parameters associated with «# and & are understood in (8—10) to be expressed in terms of
u, in 4 and u,, 7Y at &, [1, 3]. Some of the parameters may also be expressed partly or entirely in terms of the strain
measures ¥, and x, as intermediate variables, which allows for a considerable reduction of numerical calculations in
the computerized analysis of shell structures.

The incremental shell equations (9) are valid for an arbitrary initial deformation y,. They allow for an equiva-

lent formulation in the updated Lagrangian description [5], where the deformed surface /# is taken as the reference
configuration.

Applying consistent approximations to the initial deformation y, which are discussed in [1, 4], many
approximate versions of the incremental shell equations may be constructed. In particular, when the theory of
shells undergoing moderate rotations is applied, the equations (9) reduce to the shell stability equations discussed

in [2, 6].
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"Dynamische Stabilitéit nichtlinearer Systeme mit periodischer Erregung,
dargestellt am Beispiel der groBen Windenergieanlage (Growian)

Fiir Systeme mit periodischen Ldsungen, wie zum Beispiel mechanische Systeme mit rotierenden Teilen, ist es oft
wichtig festzustellen, uuter welchen Bedingungen diese periodischen Lésungen stabil bleiben.

Stabilitdtstheorie
Wir gehen aus von den Bewegungsgleichungen eines diskreten mechanischen Systems (bei kontinuierlichen Syste-

men nehmen wir an, daf sie durch geeignete Diskretisierungsverfahren auf eine endliche Zahl von Freiheitsgraden
reduziert worden sind, z. B. mit Hilfe der Methode der finiten Elemente)

M) + Cigt) + S(@) = Fe) (1)
mit den Anfangs- bzw, Periodizitdtsbedingungen ’
w0) =uw(T) =u, w0 =ul)=1v" (2)

und der periodischen Erregung F(t).

Hier bedeuten M und C die Massen- und Dimpfungsmaitrix, § den Vektor der inneren Xrifte (hier steckt die
Nichtlinearitit des Systems) und 7' die Periodendauer. Wir setzen im folgenden die Existenz der periodischen
Lésung % voraus, ebenso wie die Differenzierbarkeit von S(%) mit der Ableitung K(u), der tangentialen Steifigkeits-
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