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NURBS and Isogeometric Analysis

dune-iga

Challenges and Summary
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SHIP-BUILDING: SIX KINDS OF SHIP (TOP), THE HULL OF A SHIP OF
THE LINE (CENTRE AND BELOW). ENGRAVING, 1806. CREATED 9

NURBS and Isogeometric Analysis
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ALASTAIR TOWNSEND: ON THE SPLINE: A BRIEF HISTORY OF THE COMPUTATIONAL CURVE (FULL) - HTTPS://ALATOWN.COM/SPLINE-HISTORY-ARCHITECTURE/
GALLO AND WIRZ 2021: THE EVOLUTION OF THE DIGITAL CURVE: FROM SHIPBUILDING SPLINE TO THE DIFFUSION OF NURBS SUBDIVISION SURFACE AND T-SPLINES AS TOOLS IN ARCHITECTURAL DESIGN

UTEXAS.EDU


https://alatown.com/spline-history-architecture/
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Basis Functions, Continuity, and Patches

B-spline basis functions:

Cox-de Boor recursion formula
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Basis Functions, Continuity, and Patches

B-spline basis functions:

Cox-de Boor recursion formula
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Basis Functions, Continuity, and Patches
Non-Uniform Rational B-Splines (NURBS):

Ni p(&) w; |
Rp = P y
¢ (g) ?: ) N?Z,p (5 ) w; y scalingFacmr}SO;Qi]00000000
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Surfaces: (Tensor product)
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COTTRELL ET AL. 2009
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Baustatik und Baudynamik

Basis Functions, Continuity, and Patches

(a) surface in the parameter space (b) surface in the physical space
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h-, p-, and k-refinement
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dune-iga
Interface (Example)

constexpr int gridDim
constexpr int dimworld

const std::array<std::vector<double>, griddim> knotSpans = {{{e, o, 1, 1}, {o, 0, 1, 1}}};

using ControlPoint = Dune:: IGA:: NURBSPatchData<griddim, dimworld>::ControlPointType;

const std::vector<std::vector<ControlPoint>> controlPoints
= {{{.p = {0, 0}, .w =1}, {.p = {0, 1}, .w = 1}}, {{.p = {1, 0}, .w = 1}, {.p = {1, 1}, .w = 1}}};

O 0 N O U B~ W N

S
[

auto controlNet = Dune::IGA::NURBSPatchData<griddim, dimworld>::ControlPointNetType(dimsize, controlPoints);

=R
w N

Dune :: IGA :: NURBSPatchData<griddim, dimworld> patchData;

patchData.knotSpans = knotSpans;

patchData.degree {1, 1};

patchData.controlPoints = controlNet;

/// Increate polynomial degree in each direction (also increases continuity, k-refinement)
patchData = Dune::IGA::degreeElevate(patchbData, 0, 1);

patchData = Dune::IGA::degreeElevate(patchbData, 1, 1);

/// Refine by knot insertion (h-refinement in each direction)

patchData = Dune::IGA:: knotRefinement(patchData, {0.4,0.6}, 0);

patchData = Dune::IGA::knotRefinement(patchData, {0.2,0.8}, 1);

N NRNNNRRRBRBRR
FWNR WOV

using Grid = Dune:: IGA :: NURBSGrid<griddim, dimworld>;
Grid grid(patchbData);

N NN
~N oo,

auto gridView = grid.leafGridview();
auto basis = makeBasis(gridView, nurbs());

N
o

University of Stuttgart, Institute for Structural Mechanics

Baustatik und Baudynamik

11



dune-iga

Baustatik und Baudynamik

Additional features
« Create another Grid from NURBS geometry (PR)
* Python Bindings

Geometry of a grid entity

1 auto gaussianCurvature(const LocalCoordinate& local) const;

2 auto secondFundamentalForm(const LocalCoordinate& local) const;
3 auto secondDerivativeOfPosition(const LocalCoordinate& local) const;

4 /] ...
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Example 1 — Kirchhoff Plate
PDE:

‘WW%:%;lhﬁﬂﬁia ZW
¢ qz
i

Weak form needs C!-continuity
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Example 1 — Kirchhoff plate theory — simply supported circular plate with distributed load

(o3 )
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Example 2 — Python bindings

00

1
2
3
A
5
6
7
8
9

=
[

from dune.iga import makeSurfaceOfRevolution, makeCircularArc, IGAGrid

r 1 # radius of the tube
R 2 # distance from the center of the tube to the center of the torus
circle = makeCircularArc(r)

nurbPatchDataTorus = makeSurfaceOfRevolution(circle, (R, 0, 0), (0, 1, 0), 360.0)
gridView = IGAGrid(nurbsPatchDataTorus)

vtkWriter = gridView.vtkWriter(subsampling=4)

vtkWriter.write(name=f"Torus")
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Trimmed NURBS
« Tensor product nature restricts possible geometries
«  Trimmed NURBS (Typical CAD representation)

(a) surface in the parameter space (b) surface in the physical space
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Trimmed NURBS

Element detection

A 17N
NV

full trimmed empty

Trim boundaries
on element level

L - - - - ¥ X

For each element the inter-
section points of the trim and
the elements are searched for

Baustatik und Baudynamik
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Create subgrid

- Dividing curved boundary
- triangulation
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Untrimmed NURBS

(a) physical space (b) parameter space (¢) reference element
- ¢!
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0
fl_. 0 1
xI
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Trimmed NURBS

(a) physical space (b) parameter space (c¢) reference element

X
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Trimmed NURBS - Interface

Wz
a8

) ‘#-’ . "ﬁiif/i\\}ﬁh7jfﬁﬁf(4‘,/<ﬁ:

1 void fillQuadratureRule(Dune::QuadratureRule<double, dim>& vector, const
std::optional<int>& p_order = std::nullopt, const QuadratureType::Enum qt) const;
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Trimmed NURBS
Import possible from RHINO

N\
Rhinoceros’
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Ikarus —a DUNE module Linear elasticity
e Our in-house DUNE front-end
* Global assemblers
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* local assembler expression templates (dune-localfefunctions)

[N)
i

¢ Some non-linear solvers, ...

Displacement at the top-right tip
o
w
n

~
w

22.5

1 10 100 1000
Assembly time in ms

Non-linear Von-Mises Truss

” 256400
| .

ikarus-project.github.io

displacement Magnitude

Micro-magnetics
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 Generalize notion of reference Elements dune-geometry Issue3?2

(GeometryType: :none is not always checked)
* Add hierarchic grid features (only leafGridView() available)
* Multiple Patches

 Interface for higher derivative transformations?

Similar interface as for grid element intersections?

TESCHEMACHER 2023
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https://gitlab.dune-project.org/core/dune-geometry/-/issues/32
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