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Motivation

e a finite element analysis shall compute engineering
problems as accurate as possible at reasonable cost

e h-version: reduce mesh size h — 0
e p-version: rise polynomial degree p — oo

Elasticity:  Approximate the displacement function
u(x) of the domain Q(x) € IR’ and then the stresses
o(u) = Ce(u) by solving the variational problem:

Le(u):@e(u)dw—/f-udw%mm

Q

with linear Green strain (u ) = sym(Vu), material ten-
sor Ce = 77 ﬁ” Htrel + —8 (Hooke’s law) and load

function f(x).
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Pipe Branching

Typically the solution is expected to be a smooth function
in wide parts of {2 and may efficiently be approximated
with few large high order p-version elements, but some
parts of {2 need a fine h-mesh to compute high gradients
or singularities (e.g. owing to cracks, geometrical details,
material modifications, unknown contact areas, ...).

Engineering problems require a flexible inter-
face for coupling p- and h-refined meshes!

Discretisation of a Cracked Plate

e analytical solution

[ul|3 = 1.46 - 10*

p-extension: p=1...8 uniform h-refining

Y StreSS Slngularlty at pNh-techniqgue: N=2..12 and p=1..6

crack tip p-mesh
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Convergence with Mesh Refining

The pNh-Transition—Element Technique

The pNh-transition elements are special p-version elements
with usual polynomial shape functions and with an (arbi-
trary) number N of piecewise defined h-version polynomials
at one or more sides or faces of the elements.

p-type element face serendipity

e.g.. The hierarchically defined discrete displacement func-
tion w(§), & € [—1,1)i=123 of a hexaedron element reads:
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We define with v;(&;) = £(14¢;;&;) and normalized integrals
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of the Legendre—polynomials P(x) =

20 — 1

§
0(6) = /25— [ Ba@ds ¢2

o p-node modes (e.g. c=1):
A = (&) - (&) - (&)
o p-edge modes (e.g. e—1):
B = m(&) - (&) - (&)
o p-face modes (e.. f=1)

Ci" = De(&r) - Py(&) - (&)

e p-volume modes:

DM = @) - Dy(&2) - &)
e Nh-modes (e.g. f=6, node k):
E = orl&r) - P(&2) - 7(&3).

A piecewise linear Nh—function ¢y (&) reads

bi(E) = hi + 1€ — Sh—1| — 2[€ — &k| + 1€ — &rpa
' hi, — Ep—1 + k1
hie = (Ek—1 — 28k + &rg1) - sgn(€ — &).

Consequently the finite element mesh 7T is a regular par-

tition of 2 (Cy continuous, no hanging nodes). Thus we

deduce an a posteriori error estimate 7 = () o m7)?

with residue based contributions of each element T' € T
N

= > (b

+ch /<9T [o(@)] - n(dT5)[* ds).

The local contributions ny can work as error indicators in
an adaptive mesh refining algorithm.

div(Ce(n)) — " dx

Contact Problems

The calculation of a priori unknown contact areas requi-
res a fine h-mesh and an iterative solution process to
meet static and kinematic contact conditions po < 0,

® a coarse p-version mesh is not useful

e ciploying the pNh-technique the p-version is available
for general finite elemente contact algorithms
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Example: Cylinder on an Elastic Foundation

Example: Calculation of a Flange

e pipe union, loaded with inside pressure and traction

e cfficient a priori mesh refining in critical regions
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Stress Computation of a % Symimetric Sector

address: Dr.-Ing. Kerstin Weinberg, Mathematical Institute, Medical University of Luebeck, Wallstr. 40, D-23560 Luebeck - http://www.math.mu-luebeck.de/weinberg/




