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; _Abstrlact—Nowallda_lys, the po?tprocgsging and vis?aliza_tiorf\ of and visualization including an interface layer for sevemgr-
inite_element solutions is performe means of static for- i i
mulations and methods. Dynamic modiﬁ\(/:ations and interactive pret.ed Ianggages, SUCh. as TclTk, Python. The object edent
exploration of 3D solution data are only possible in a very limited design of this software is characterized by general, easgé¢o
way. In this paper, an interactive POStPVOCGSSIH% approach is data structures, whose versatility encourages a modutaoius

introduced, allowing for a dynamic modification of finite element . . . . . .
solutions, a simplif?ed mesh cutting and data exploring as well @lgorithms acting as filter objects. The working principle o

as new ways of exploring complex solutions. VTK is based on visualization pipelines (see fig. 1).
ource Filter
|. INTRODUCTION @ -
The exploration and interpretation of a large amount of-solu @
tion data is the most important part of a typical design pssce ?

when using the finite element approach. Important decisions @

are made on basis of solution visualizations and next design

steps are planned in dependency of the ongoing understandig. 1. visualization pipeline of VTK.

of the device under research. Therefore, effective posgas

ing algorithms handling large amount of finite element data

and the usability of such methods in an interactive way adlow I1l. A PPLICATION
a faster and optimized design with finite elements. Toda, Interactive Cutting

typical visualizations of finite element solutions are istat pye to performance issues, the solution data of meshes is
colorized representations of a field distribution, whichpnza generally mapped to its surface in 3D visualization, so that
computed value to a specific color. Additionally, vectord&! pesh geometry and colorized solution appear correlatee. Th
can be visualized by colorized cones or arrows, indicati®g t¢corresponding visualization is restricted to the surfagesim
direction of the solution in every element. In this paperifar of the data object, so that no information of the internal
postprocessing methods and visualization techniquesiite i sirycture is available and cutting methods lead to an opened

duced to enhance the exploration of finite element solutionsy|iow representation, compare. fig. 2(a). In these siati
These are mainly mathematical modifications of the visedliz

solutions, simplified placing of cutting geometries likapés
or spheres, and dynamic changing of display objects. For ¢
mentioned aspects, examples are given to underline the us:
possibilities of the proposed postprocessing formulation

Il. COMPUTERGRAPHICS SOFTWARE

3D finite element analysis (FEA) leads to a large amour
of solution data. In general, developers of electrical cevi
need to analyze the electromagnetic behavior in certdiicalri
machine parts, such as teeth or teeth heads, or identify loc
magnetic hot spots. In intuitive method for the evaluatidn _ . i ,

. . . . . . . . a) Hollow cutting through a flux(b) Interactive cutting of the flux density

such simulation data is the interactive exploration inuaft density distribution of a PMSM. in a PMSM.
reality [1], which provides a direct visual impression ofeth _ _ - _
field characteristic. This ability supports the machineigiesr g;gt.rigmionl?lfferent cutting types for the visualization of tHlix density
to recognize the points of design interest quickly and atloov
perform further interactions and operations on the satutiaa a cutting filter chain is required, that provides an insigtioi
directly. Therefore, in this paper a software methodology the electromagnetic behavior within the simulated devices
presented to extend [2] by interactive postprocessingtiaBil Since this exploration is data and user depended (direct use

The graphical package VTK [3] has been applied to vinteraction), an intuitive cutting method is required whic
sualize (static) 3D finite element solutions. The Visualizgrovides an interaction with the model, previewing theiogtt
tion Toolkit (VTK) is an open source, platform independensurface and the solution.
software library for 3D computer graphics, image procagsin The necessary filter procedure is shown in fig. 3. First,




shown in fig. 4. As mentioned before, the finite element mesh
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the finite element mesh and solution are converted into_a

vtkUnstructuredGrid data set for each material. A vtkimi9- 4 VTKfilter chain for interactive cutting.

plicitPlaneWidget, an interactively placeable infinitame, iS 504 solution are filtered by an arbitrary VTK filter chain and
bounded to these grids. The mathematical representationgfied in a vikActor placed in a 3D scene, conf. sec. IlI-

the cutting surface, in this case a vtkPlane, can be obtaingdry jgentify the vtkActors in the further processing, each
from the 3D widget, so that the vikCutter filter can generate et gets additional information about the visualizatippe
cutting mesh along that surface. The resulting grid is MapPEseType) and the submesh label identification (SetLalrel).
to graphics primitives by the vtkDataSetMapper, who als@e 3p scene, vtkPicker, controlled by a 3D input device, can
maps the scalar range of the finite element solution to a givgg applied to grab vtkActor objects (PickProb). Type anelab
color range, specified by SetHueRange. The next elemeRb acteristics of the latter class objects can be usedttacex
of the filter chain is the vtkActor representing an entity ofhe corresponding input data from the FE solution. Thesa dat

the rendering scene. In particular, vikActor combines bjeges are returned to the user interface. The same conttetpat
properties (color, shading type, etc.), geometric definitand  gaples a direct access to the properties of single vistiaii
orientation in the world coordinate system. Since visaion, objects.

model interaction and cut-mesh generation are separated Obrpgrenith, a combination of the interactive cutting geome-
jects in the filter chain, other widgets types, such as poinfries (cmp. section I1l-A) with the direct model interagtio
line-, plane-, sphere- and spline-widgets, can be appbed fyesented here is possible, to calculate the flux in various

Fig. 3. VTK filter chain for interactive cutting.

vtkActors

further purposes. . _ positions in an electrical machine for example.
The cutting plane of fig. 3, can be moved, resized or rotated
within the model boundaries and is computed in real time. IV. CONCLUSION

Fig. 2(b) exemplifies this cutting interaction on a permanen Efficient methods for the visualization of finite element
magnet synchronous machine (PMSM) to illustrates the fl®olutions are essential for the evaluation of electromgégne

density distribution inside. devices under research and development. In present, FE data
is illustrated by means of static visualization formulaso
B. Direct Model Interaction and methods. In this paper, an interactive postprocessing

To improve the interactivity in 3D visualizations of ﬁniteform_ulation is i_ntroduqe_d, _that ex_terlds the _statip prodess
element data, possibilities for a direct model interactioa provide dynamic modifications within the visualization and
required. The idea of a direct model interaction is to give ttfN intuitive 3D data exploration. Generalized techniques f
users an intuitive direct access to the visualized solutiata. S Postprocessing approach are proposed and described by
By this, any kind of operation, e.g. mathematical integrati M€anS of visualization patterns for interactive cuttingd an

or multiplication, can be performed on the input, so that tHrect model interaction. A first application example isegiv
modification of the visualization can directly be observed® demonstrate the benefit of the presented 3D postprogessin

Since 3D visualizations are scalable on different displgy s formulation.. = ,

tems (from normal desktop pc up to virtual reality systems Since interactive visualization enables other illustnatfa-

like cave style systems [2]), an intuitive model interaatio _C|I|t|es, further applications, examples and details Wwélgiven

controllable by various 3D input devices that directly aer in the full paper.
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