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Wrinkling occurs in areas which are not in
contact with tool [3]. In incremental forming of
spherical tank-ends, the only two contacts occur
between the plate and the edge of lower concave
tool, and between the plate and upper convex tool.

The following analysis assumes that
tangential stresses before buckling are neglectable
and plate thickness is uniform.

Well known Timoshenko’s energy method
with various combinations of boundary conditions
was used in analysis of thin plates elastic buckling.
The shape of deformed plate is presumed and
critical buckling criterion can be obtained when
internal energy of buckled plate equals the work
performed by plane membrane forces. If internal
energy for every possible deformation is larger than
the work performed by membrane forces, the plate
is in stable equilibrium.

The process usually starts with presumed
function which describes plate deformation. It is
usually a double sine function, with shape depending
on plate shape (circular, rectangular, elliptical, etc.).
For circular plate, the function can be:

(1),

where w
0
 is amplitude of wrinkles, m is number of

wrinkles per perimeter, n is number of wrinkles in
radial direction, r

a
 is lower tool radius, r

r
 is outer

diameter of the plate.
The following boundary conditions apply:

(2)

�:�'

Equations describing internal energy and
work are very complex in this case and it is common
to use numerical methods to solve this problem.
Analytical calculations, as the one presented in [4],
can show what influences critical buckling stress
and wrinkling in incremental forming process.
Proposed double-sine function, when visualised,
corresponds to mode shapes obtained by
experimental and numerical results presented here.
Nevertheless, this function can be used only to
confirm the assumption that buckling mode shapes
play significant role in wrinkling occurrence during
incremental forming.
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