Modeling of the Klein bottle by b-spline surface

MogenupoBaHue 6yThlIKU KieliHa b-cny1alHOBOM NOBEPXHOCTbIO

The example shows the technology of modeling topologically complex surfaces (sculptured
surfaces) on the scheme Forrest.

HpI/IMep IMMOKAa3bIBACT TCXHOJIOTUIO MOJACIMPOBAHUS TOIMOJIOTHYCCKU CIIOKHBIX HOBGpXHOCTCfI
(CKyIBOTYPHBIX MOBEPXHOCTEH) 10 cxeme Doppecra.

We propose a method of constructing the technical surfaces of complex shape of high-order
smoothness on the scheme Forrest.

HpeﬂnaraeTc;{ MCTO/J ITOCTPOCHUA TCXHUYCCKHX HOBCpXHOCTCﬁ CJIIOKHOU CI)OpMBI BBICOKOTI'O
IOpsI/IKa TIIAAKOCTH 110 cxeMe PoppecTa.

Integrated high-order surface smoothness obtained by combining on certain rules s-polyhedrons
of b-spline surfaces of higher degrees (mxm) in the float format. After the combination of the
complex of s-polyhedrons inevitably remain topologically complex plots nonhomeomorphic
rectangular area.

I/IHTGI‘paJ'IBHBIe IMOBEPXHOCTHU BBICOKOI'O ITOpsAAKA INTaAKOCTH MMOJTYy4ar0TCs 06”bCJII/IHeHI/I€M 10
OIIPCACIICHHBIM IIpaBUJIAM S-MHOI‘OFpaHHI/IKOM b-CHHaﬁHOBLIX HOBerHOCTCﬁ BBICOKHUX CTEIIeHEH
(m x m) B oTkpbiToM opmate. [Tociie 00beTMHEHUS] KOMIUICKCA S-MHOTOIPAaHHUKOB HEM30€KHO
OCTArOTCA TOIIOJIOTHMYCCKU CIIOKHBIC YUACTKH HeFOMeOMOp(bHBIC MpsAMOYT'OJIbHBIM 00J1acTIM.

In airframe pentagonal site at the junction of fuselage to the wing, the triangular area on the
wingtips. Ship hull has pentagonal site at the junction the bow with bulb.

VY maHepa caMoseTa MITHYTOJIbHBIA YIaCTOK Ha CONPSKEHUH (Dro3eyIsiKa C KPBIIIOM,
TPEYroJbHBIH yYaCTOK Ha 3aKOHLIOBKE Kpblia. Y 00BOJIOB Cy/lHA NSATUYTOJbHBIN y4acTOK Ha
CONPSYKEHUH HOCOBOM YacTH ¢ OyJIbOOM.

For triangular and pentagonal sites on the scheme Forrest used subdividing technology of s-
polyhedrons on the boundaries of topologically complex sites and the construction of new
sections on difficult areas. Subdividing and construction is to achieve the remaining portion of of
the complex site to the size without affecting on the quality of surface of the integral surface.
JIJTst TPEYTONBHBIX U MSITUYTOJIBHBIX YYacTKOB 1Mo cxeMe DoppecTta ucnoyb3yeTcss TEXHOIOTHS
YIUIOTHCHU A S-MHOFOFpaHHI/IKOB 110 TpaHrllaM TOITOJIOTMYECCKH CJIIOKHOI'O yJaCTKa "1
J0CTparuBaHUA HOBBIX OTCCKOB Ha CJIOKHOM YUACTKCE. YioTHeHHuE U J0CTpanuBaHUC
MPOU3BOJUTCA OO0 JOCTHIKCHUA OCTAIOMICTOCA CJIOKHOT'O YHaCTKa 10 pa3sMEpoOB, HC BIMUAIOIINX
Ha Ka4e€CTBO I/IHTel"paJIbHOﬁ MMOBCPXHOCTHU B LCIIOM.

A small portion of the surface complex can be "patched up" by regular commands of CAD-
system to the 1st or 2nd order smoothness.

As a result, the integrated surface of the product will be of high order of smoothness for a finite
number of small areas.

He6omp111011 COKHON y4acTOK TOBEPXHOCTH MOXKHO "3anarats" mraTHeIMU cperactBamu CAD-
CUCTEMBI 10 1-ro unu 2-ro nopsJKa riaakoCTu.

B pE3yIbTaTC UHTCIPAJIbHAA [TIOBCPXHOCTD U3CITHA 6yﬂ€T BBICOKOI'O IMOpAJiKa I'NIaIKOCTH 3a
HCKIIFOUCHUEM KOHCYHOT'O YHcCJia He6OIII)HII/IX Y4aCTKOB ITOBCPXHOCTHU.

Forrest scheme can also be used for modeling complex topological surfaces like the Klein bottle.
CXEMy CDoppeCTa MOXKHO TAK¥KC UCIIOJIB30BaTh AJId MOACITIMPOBAHUSA TOIMOJIOTMYCCKU CIIOKHBIX
noBepxHocTel Tuna 6yreuiku Kielina.



Example of modeling of topologically complex surface
IIpumep MoxeTMPOBaHUS TONOJOTHYECKH CI0KHOU OBEPXHOCTH

Select a sample 'S 3D Mesh on Klein Bottle' from the list 'Select Samples'.
Make sure to include options Format U: (*) Float, Format V: (*) Float.
Bri6epute mpumep ‘S 3D Mesh on Klein Bottle’ u3 ciucka ‘Select Samples’.
Yo6enutech, uto BKIoYeHbl onmmu Format U: (*)Float, Format V: (*)Float.

Surface3D: Modeling Surl
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Recreate model by options Step U:[0.1], Step V:[0.1]
[Tepectpoiite mozaens ¢ onmmmu Step U:[0.1], Step V:[0.1].
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Read the network of interpolated points to AutoCAD ([Interpolated Surf to DXF]> Read the
AutoCAD the file in the folder DXF_Int.dxf DownLoads)



CuuraiiTe ceTh nHTeprioaupoBanubix Touek B AUtOCAD ([Interpolated Surf to DXF] > Cuutats
B AutoCAD d¢aiin DXF_Int.dxf u3 nanku DownlLoads)
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Polygonal model of surface can be converted into Mesh (3D Tools> Convert to a Mesh)
[ToMroHaabHYI MOJIEIh ITOBEPXHOCTH MOXKHO KOHBEPTHPOBaTh B mpuMutuB Mesh (Cets >
Menu: Cr.

= -

PenaxkTupoBanue o0beKkTa

Transfer the s-polyhedron in AutoCAD. Edit the s-polyhedron of topologically complex surface.
[Tepenecute s-mHororpanHuk B AUtOCAD. BeinonaHuTe peakTHpoBaHUe S-MHOTOI'PaHHUKA B
TOIOJIOTUYCSCKHU CIIOKHOU IMOBCPXHOCTH.



Remember that topologically complex surfaces obtained by overlapping of s-polyhedrons. So
when editing the overlap area to be moved at the same time shared vertices adjacent s-
polyhedrons.

HOMHHTG, YTO TOIIOJIOTHUYCCKHU CIIOKHBIC ITOBCPXHOCTH ITOJIYUAIOTCS IICPCKPBITHEM S-
MHOrOrpaHHUKOB. [103TOMY ITpH peaaKTUPOBaHUU YYaCTKOB IIEPEKPHITUS HEOOXOJUMO
nepeMemaTtb OJOBPEMCHHO O6H_II/I€ BCPHIMHBI CMCKHBIX S-MHOT'OI'DAHHHUKOB.
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Edit and execute command v_mshnrb of utility v_web.fas.
Pepakrupylite u orpabarbiBaiite komanay v_mshnrb yrumuter v_web.fas
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