7. Modeling of spatial curves

7. MoneanpoBaHue NPOCTPAHCTBEHHBIX KPUBBIX

For the modeling of spatial curves is recommended to use b-spline curves of high degree.

)1)'[7[ MOJCIUPOBAHUA IIPOCTPAHCTBCHHBIX KPHBLIX PCKOMCHAYCTCA HCIIOJIB30BATh b-
CIIAHOBBIE KPUBBIE BBICOKUX CTEIICHEM.

Consider the technology of creating of spatial curves in a web-application on the example of
improving the primitive _Helix AutoCAD using b-spline curve of degree 8.

PaCCMOTpI/IM TCXHOJIOTHUIO ITOCTPOCHUSA IMPOCTPAHCTBCHHBIX KPHUBLIX B web—npnnomem/m Ha
npumepe ynyumenus npumutuBa Helix AutoCAD c¢ nomomrsio b-crimaitHOBO# KpuBoi 8-oi
CTCIICHMU.

The boundary conditions cause particularity at the boundary sites of b-spline curve. To
eliminate the effects of boundary conditions is recommended to construct curves with some
extrapolation stock. Then need to cut parts of extrapolation. For example, to improve the
primitive _Helix on conditions of the construction R = 300, r = 200, h = 50, number of turns k =
1, previously construct and improve the primitive _Helix created with the following parameters
R =400, r = 100, h = 150, the number of turns k = 3 (Fig. 50), twisting in a clockwise direction
(Fig. 59).

I'paHMYHBIC YCIOBHS BBI3BIBAIOT OCOOCHHOCTH HAa TPAaHUYHBIX Yy4YacTKaX b-CIUTAHOBOM
KpuBOW. JlyI1 yCTpaHEHHUs BIMSHMS I'PAHUYHBIX YCIOBHM PEKOMEHIYETCS CTPOUTH KPHUBBIE C
HCKOTOPBIM JKCTPAIIOJIINMOHHBIM 3allaCOM. 3aTem H€O6XOD,I/IMO OKCTAIIOJIIMUOHHBIC YYAaCTKH
oOpe3ats. Hanmpumep, g ynyumenus npumutuBa _Helix mo ycnosusim noctpoenust R = 300, r
= 200, h = 50, xonuuecTBO BUTKOB k = 1 mpeaBapUTEIbHO MOCTPOUM M YJIYYIIHM IPHUMHTHB
_Helix co cneayromumu mapamerpamu moctpoenuss R = 400, r = 100, h = 150, xonuvecTBO
BHUTKOB Kk = 3, 3akpy4riBaHHE 110 YaCOBOM cTpeike (puc. 59).
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Fig. 59. Primitive _Helix.
Puc. 59. [Ipumutus _Helix.



Destroy the block of the primitive by command _explode (Fig. 60). The NURBS template of
primitive is a cubic NURBzS curve.

Pazpymmm Onox mnpumutuBa KomaHmod explode  (puc. 60). NURBS ma6monom
npumMuTHBa sBisierca kyondeckas NURBzZS kpusasi.
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Fig. 60. NURBS template of primitive _Helix.
Puc. 60. NURBS ma6ion npumutiBa Crimpaib.

Will remove the last one, too short, spline segment. Cut off (_trim) the particular site with a
small line (Fig. 61, 62).

YaanuMm TOCIEIHIOK, CIUIIKOM KOpPOTKYyro, 1yry. OOpekem (_trim) ocoObI y4acTOK
HEOOJIBIIUM OTpe3KoM (puc. 61, 62).
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Fig. 61. Too short last segment of spline.
Puc. 61. Cnuiikom KOpOTKasi HOCJIEIHS Ayra CIUlaifHa.
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Fig. 62. Preparing for trimming. Drawing of the line.

Puc. 62.

[ToaroroBka k oopeske. [Toctpoenne oTpeska

Macurad amorawni 11+ & o [« O
| ) 2 vierasoit,.. | &) ancnercp ... | € 2 Google¢... <|[BT autocap 2.. | @ 10b farnwr... | | E[W K 9D B 1950



Bl autoCAD 2008 - [Heprex2.dwg]

"% @afin Mpaeka Bua BrTaeka GopMar Cepsuc PcoBande PasMepel PeASKTHpOBETs OKHO (Crpaska

EEEiElEE R

IowEaRa ¢=«ne »

AR 2N

=181 x|

BEenvTe BONpOC ANA CPaBKkM

O -[%[x —12]x]

1| ==l

|

=l

|MErscemomtmoces =152 || W o = Moo [=]|— Moerwe =] Moseery =
=[O0 bmo EE
FSRBMERESOLRAA O+ 3¢
: = P—— . Al
s o
Crinaiin - ~ L .a-
=2 R -
¥ s -
Liget W Nocnoia o / “m
Cnofi ] = L .
Thn naHuit Mocnato 7 --a-- - 3 kY
Macwrat Thna, ., |1.0000 - [ K . [
;Tvmb ne:-lam MouseTy @ . - N
e A Mocnok 0 - .
MHnepccbka ~ L : h
Yucno yrpasn... 49 = B '\. FO |
¥npasnakan. . 1 2 ; \ |
¥npaenarawas. .. 400.0000 3 i Y i
Ynpasnskowas. . 0.0000 I H ol i L
VnpaenArowas. .. 0.0000 . " ; .» H '.
N - ! L.
Bec 1.0000 L I :
Yncno anpeae. .. |0 5] | : :
Onpeaensrow... | 0.0000 o Y \ ; :
& \ 5 ‘m : :
npeaenstow... |0.0000 B \ . / : H
Onpeasnarou... | 0.0000 L N . Vi g !
i | B = m . 3 !
'\ i L] /m ;
Mopaaok 3 A | I / E
SamkryTo Her ‘\ " [ r
MnockacTs Her 5 . - ;
Aonycr 0.0000 A N .
[N p
Al THly Moaene {uert { fuerz [ = »
”lKﬂmsH.ns: j
I — kI D

380,934, 110,675, 0.0000 | War| CETKA OPTO| OTCNONAF [nPuBAsks OTCOBLEKT| ANCK| OWH BEC|
| ) 2 vicrasoit,.. | B ancnerecp .. | € 2 Google €., <|[BT autocap 2.. @) 10 farnur... | | EW K & ALD B 950

dnye| | E@RO=CO0@

J =085l
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Fig. 62. Trimming of the spline.
Puc. 62. O6pe3ka cruaiina.

Read NURBZzS curve in web-application on page NURBzS3D (Fig. 63, method is described

in section 1.1).

[Ipountaem NURBzS xpuByto B web-npunoxenue Ha ctpanuiie NURBzS3D (puc. 63,

cnoco6 onucan B 11.1.1).

[ rodeling gezter spine
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NURBZzS curve.

Puc. 63. Ucxomnas NURBzS kpusas.
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Go to the page Polyline3D (Fig. 64). Will remove fixed values of curvatures and tangents at
boundary points. Create a NURBZzS curve with the option Fairing (Fig. 64).

[Tepeiinem Ha ctpanumy Polyline3D (puc. 64). VYapanum (uKCHpOBaHHBIC 3HAYCHUS
KPUBHU3HBI U KacaTelbHbIX B IpaHWYHbIX Toukax. [Toctpoum NURBZS kpuByro ¢ BKIIOUEHHOMN
onuueit Fairing ynyumenus (puc. 64).
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Fig. 64. The improved NURBZzS curve.
Puc. 64. Vnyumennas NURBZS kpusas.

Create a b-spline curve of degree 8 (Fig. 65).
[Toctpoum b-crnaitHoByI0 KpuBYIO 8-0i1 crenenu (puc. 65).
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Fig. 65. B-spline curve of the 8th degree.
Puc. 65. B-cruiaitHoBast KpuBasi 8-0i CTEIICHHU.

We write the NURBS model to AutoCAD (method described in section 2.4). On the
drawing NURBS curve of red color (Fig. 66).

3amumem NURBS mozaens B AutoOCAD (cioco6 omucan B 1. 2.4). Ha ueprexxe NURBS
KpHUBasi KpacHOTO 11BeTa (puc. 66).
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Fig. 66. Writing the b-spline curve of degree 8 to AutoCAD.
Puc. 66. 3anuce b-crutanoBoit kpuBoit 8-oit crenenn B AutoCAD.




Cut off the extrapolation turns using the straight line (Fig. 67).

OO6pexeM IKCTPanoISIIMOHHBIE BUTKHU C IIOMOIIBIO MpsiMoii (puc. 67).
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Fig. 67. Preparation of the line to trimming the curves.
Puc. 67. IlogroroBka npsiMoi k 00pe3Ke KPUBBIX.
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To cut off the turns at the lower and upper of the original cubic NURBzS curve and of

NURBS curve of degree 8 (Fig. 68).

OOpexeM 1o BUTKY CHU3Y U CBepXY y ucxoaHoi kyonueckoit NURBzS kpusoii 1 y NURBS

KpuBoii 8-oii crernenu (puc. 68).
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Fig. 68. Trimming of sites of extrapolation.
Puc. 68. O0pe3ka sKCTpanoISIHOHHBIX YYaCTKOB.
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Compare the curves on the quality with the utility v_test.fas. Study the initial NURBzS
curve. Display a graphs of the curvature at the top view (Fig. 69, 70) and at the left view (Fig.
71). The graph of centers of curvature (evolute of the curve) is represented by the red color.

[IpoBeneM cpaBHEHHE KPHBBIX 10 KauyeCTBY C MOMOIIBIO yTHimThl V_test.fas. Mccienyem
ucxoauyro NURBzS kpusyto. [loctpoum rpaduku KpuBu3HBI Ha Buje cBepxy (puc. 69, 70) u
Bune cieBa (puc. 71). KpacupiM 11BeTom m3o0paxaetcsi rpaduK EHTPOB KPUBU3HBI (IBOJIIOTA

o
KpUBOM).
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Fig. 69. The graphs of the curvature of the original cubic NURBzS curve.
Puc. 69. I'paduku kpuBu3Hbl ucxoaHou kyonueckoir NURBzZS kpusoii.
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Fig. 70. The graphs of the curvature of the original cubic NURBzS curve (top view,
enlarged).

Puc. 70. I'paduku kpuBu3Hbl ucxoaHoit kyouueckoii NURBzS xkpusoii (Bua cBepxy,
YBEJIUYEHO).
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Fig. 72. The graphs of the curvature of the original cubic NURBzS curve (left view,
enlarged).

Puc. 72. I'papuku xpuBu3Hbl ucxomHour kyoOmueckoir NURBzS xpuBoii (Bua cnesa,
YBEJIUYEHO).

Study the NURBS curve of 8" degree. Display a graphs of the curvature at the top view
(Fig. 72, 73) and at the left view (Fig. 74). The graph of centers of curvature (evolute of the
curve) is represented by the red color.

Hccnenyem kadecTBo b-crumaiiHOBOM KpuBO# 8-o0i crenenu. [ToctpouM rpaduKu KpUBU3HBI
Ha BHUjE cBepXy (puc. 72, 73) u Buze ciera (puc. 74). Kpacupim nBeTom uzobpakaercs rpadux
LIEHTPOB KPUBU3HBI (IBOJTIOTA KPUBOK).
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Fig. 73. The graphs of the curvature of the b-spline curve of 8" degree.
Puc. 73. I'padpuiku kpuBU3HBI b-CIIJIaliHOBOM KpUBOi 8-0i1 CTENICHMU.
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Fig. 74. graphs of the curvature of the b-spline curve of 8" degree (top view, enlarged).

Puc. 74. T'padukm KpuBU3HBI b-cITaifHOBOM KpuBOW §-0if cTenmeHW (BUA CBEpPXY

YBEITUYEHO).
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Fig. 75. graphs of the curvature of the b-spline curve of 8" degree (left view, enlarged).
Puc. 75. I'padpyiku kpuBHU3HBI b-CIIIaitHOBOM KpUBO# 8-0i1 cTerieHH (BUJ CJIEBA, YBEIMYCHO).
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B-spline curve is constructed in a web-application using the v-curve, provides the highest
quality of approximation of the primitive _Helix.

B-crutaiiHoBast KpuBasi, MOCTpOEHHAss B Web-TIPUIIOKEHWH C HMCIOJIb30BAaHUEM V-KPHUBOM,
oOecrnieunBaeT BbIcOUaiilllee KayecTBO annpokcuManuu npumutusa _Helix.



