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@ Isogeometric Shell Analysis
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@ B++ Splines with Applications to IGA
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| 2544 JUAT 54 f-Volumetric parameterizations

Jessica Zhang, Gang Xu, Xin Li, Na Lei et al.

by Jessica Zhang et al.
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| 25 4% JUAT £~ 44 fX.-Surface parameterizations

Xianfeng Gu, Xin Li, Jessica Zhang, Gang Xu et al.
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@ IGA for Linear Elastic Problems
@ Isogeometric Shell Analysis
@ Trimmed Isogeometric Analysis

@ B++ Splines with Applications to IGA
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Isogeometric Shell Analysis
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Isogeometric Shell Analysis
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Isogeometric Shell Analysis
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Isogeometric Shell Analysis
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Isogeometric Shell Analysis
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Isogeometric Shell Analysis
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Isogeometric Shell Analysis
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Isogeometric Shell Analysis
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Isogeometric Shell Analysis
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Isogeometric Shell Analysis
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Isogeometric Shell Analysis
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@ IGA for Linear Elastic Problems
@ Isogeometric Shell Analysis
@ Trimmed Isogeometric Analysis

@ B++ Splines with Applications to IGA
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Trimmed Isogeometric Analysis
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Trimmed Isogeometric Analysis

% Isogeometric Analysis for Trimmed CAD Surfaces ;
(by Hyun-Jung Kim, Yu-Deok Seo, Sung-Kie Youn 2009 ) {“\*'

Hyun-Jung Kim, Yu-Deok Seo, Sung-Kie Youn, Isogeometric analysis for trimmed
CAD surfaces , Comput. Methods Appl. Mech. Engrg.

** Web-splines (by K. Héllig, U. Reif, J. Wipper 2001)
K. Héllig, U. Reif, J. Wipper: Weighted extended b-spline approximation of Dirichlet
problems. SIAM Journal on Numerical Analysis, Volume 39, Number 2, pp. 442-462, 2001.
¢ Isogeometric analysis for B-rep models (by M. Breitenberger, A. Apostolatos, B. Philipp, R

Wiichner, K.-U.Bletzinger 2015)
M. Breitenberger, A. Apostolatos, B. Phlllpp, R. Wiichner, K.-U.Bletzinger, Analysis in
aided design: li ric B-Rep analysis of shell structures,

Comput. Methods Appl. Mech. Engrg. (2014)

¢ Weak coupling for trimmed surfaces using Nitsche method. (by Ruess, M., Schillinger, D.,

Ozcan, A. 1., & Rank, E. 2014)
Ruess, M., Schillinger, D., Ozcan, A. 1., & Rank, E. (2014). Weak coupling for isogeometric

o ‘- ‘
analysis of non-matching and trimmed multi-patch geometries. Computer Methods in 1 ‘ |
Applied Mechanics and Engineering, 269, 46-71. ( J' u. -
“*Isogeometric analysis of trimmed NURBS geometries. (by Robert Schmidt, , Roland Wiichner ,

Kai-Uwe Bletzinge)




Trimmed Isogeometric Analysis
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Trimmed Isogeometric Analysis
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Trimmed Isogeometric A
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@ IGA for linear elastic problems
@ Isogeometric Shell Analysis
@ Trimmed Isogeometric Analysis

@ B++ Splines with Applications to IGA
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Immersed methods and non-body fitted methods

@ IGA-based immersed methods include immersed IGA, FCM,

XIGA et al.
@ Traditional non-body fitted methods include such as IBM,

XFEM, EFGM, RBF-based meshless method et al.

It is difficult for these methods to strongly impose Dirichlet boundary
conditions because they do not satisfy Kronecker delta property.

-~
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Incorporating boundary collocation points or boundary curves/surfaces

Another disadvantage of immersed methods is that they are
difficult to incorporate boundary collocation points or boundary
curves/surfaces as boundary representation.

///

N
c(r) =Y Ne(t)Pe

IGA Solver—Xuefeng Zhu Kk T



Analysis-suitable volume parameterization is still a big challenge

Volume parameterization for isogeometric analysis is still a big
challenge, especially for the CSG models with complex topology
structures. Stress functions are usually discontinuous!
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B++ spline method

B++ Splines = Boundary Plus Plus Splines ]

Advantages of B++ splines

@ Strongly impose Dirichlet boundary conditions

@ Incorporate boundary collocation points as the boundary
representation.

@ Say bye to multi-blocks and stress functions are continuous.
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B++ splines

Its idea is replacing the control points of the background
spline mesh using the boundary collocation points or the
boundary spline curves/surfaces.
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B++ spline basis functions

B++ spline basis functions satisfy the Kronecker delta property,
build the partition of unity. They are also linearly independent.
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Mutually orthogonal components

By BPg = P, we can rewrite Pg, in terms of two mutually
orthogonal components, one in the row space of B and the other in
the null space of B, that is

Ps=B'¢+Z=B"¢ +Rv¥ 7)

where

BR =0 (8)

Combining these equations, we get

Ps=B'(BB") 'P; + RPg (9)
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Hierarchical B++ spline representation of a trimmed spline surface

Thus, S is reformulated
S = N4P4 + NgB"(BB')~'P; + NgRP: (10)
For simplicity
S = N4P4 + NcP¢ + NePe (11)
P, Control points with complete basis functions.

P Boundary collocation points or the control points of trim
curves.

P Enriched control points.

N, Complete basis functions.

N Basis functions of the boundary collocation points or the
control points of trim curves.

Ng Basis functions of enriched control points.
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The matrix T is

T=[T, TJ=[B"(BB")" R|. (12)

where T =B’ (BB”)~' and T, = R.

Advantages

@ Linear independence. Yes
@ Kronecker delta property. Yes

@ Partition of unity. Yes.
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Applications-Structural analysis
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Applications-Structural analysis
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Applications-XIGA
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Applications-Topology optimization
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Applications-Onestep inverse isogeometric analysis
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Processing and potential applications on B++ splines

In processing:
@ Fluid-solid interactions using B++ splines.

@ Topology optimization using B++ spline-based isogeometric
analysis.

@ B++ spline-based XIGA.

Potential applications:
@ Simulations of failure and crack using B++ spline-based XIGA.
@ Multigrid method using B++ splines

@ Hierarchical B++ splines with applications to adaptive iso-
geometric analysis.
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Thank you!
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