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Abstrakt

Tato diplomova prace se zabyva metodami navrhu tvaru membranovych
konstrukci. Naplni této prace je analyza navrh( tvaru programy FormFinder a
Rhinoceros v programu RFEM a porovnani vysledkd. Déale pak otestovat mozZnosti

navrhu tvaru programem RFEM.
Kli€ova slova

hledani tvaru, metoda hustoty sily, dynamicka relaxace, strategie aktualizované

referenni plochy, membranové konstrukce

Abstract

This diploma thesis deals with methods for design of membrane structure shape.
Main purpose is to analyze topology designs by Formfinder and Rhinoceros in
RFEM and compare results. Test a possibility of designing shape by software
RFEM.

Keywords

Form-Finding, Force Density Method, Dynamic Relaxation, Updated Reference

strategy, Membrane Structures
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1. UVOD

Tato diplomova prace se zabyva hledanim vhodného tvaru membranovych
konstrukci. Membranové konstrukce jsou vhodné zejména tam, kde je poZadavek
na transparentni, lehkou konstrukci, a proto jsou vyuzZivany predevsim

pro zastfeSeni venkovnich prostord jako jsou atria, terasy, stadiony apod.

Teoreticka ¢ast diplomové prace shrnuje informace o procesu hledani tvaru,
jeho historii, metodach a programech slouzicich k jeho navrhu. Konkrétné se

jedna o programy Rhinoceros, FormFinder a RFEM.

V praktické Casti diplomové prace jsou navrzeny rlzné tvary membran s
pouzitim programi uvedenych v teoretické c¢asti. Tyto tvary jsou nasledné
preneseny do programu RFEM od firmy Ing. Software Dlubal, s.r.o. a analyzovany.
Podstatnou ¢ast tvofi navrh vhodného tvaru pfimo pomoci programu RFEM
s vyuzitim jeho potenciélu pfi feSeni nelineéarnich uloh. V zavéru této kapitoly je i
shrnuti, kde uvadim pfipominky k programu RFEM a navrhy na mozny samostatny

modul pro navrh membranovych konstrukci.

Cilem této prace je shrnuti poznatkd o metodach navrhu tvaru membranovych
konstrukci a analyza vybranych tvard vhodnych pro membranové konstrukce.
Diplomova prace by méla byt pfinosem pro vétsi porozumeéni témto konstrukcim a

umoznéni jejich SirSiho uplatnéni ve stavebnim primyslu.
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2. FORM-FINDING

Form-finding je anglické pojmenovani procesu navrhu tvaru membranovych
konstrukci. Membranové konstrukce se chovaji geometricky nelinearné a to diky
své extremni Stihlosti. Je proto potfeba k nim pfistupovat jinak nez ke klasickym
stavebnim konstrukcim. Vzhledem k membranoveé teorii tyto konstrukce pracuji
spravné jen pokud jsou tazeny (v pfipadé, Ze dojde k tlaku, vznika na membrané
tzv. vrasnéni). Cilem navrhu je tedy najit takovy tvar, aby hlavni zatiZeni bylo
prenaseno pouze tahovymi silami. Abychom dosahli takovéhoto stavu, je potfeba

navrhnout konstrukci pomoci nékteré z metod Form-findingu.

V Ceské republice je oblast hledani vhodného tvaru membrénovych
konstrukci dosud nerozSifenou mezi odbornou verfejnosti. Proto se neni ¢emu
divit, Ze literatura dostupna k tomuto tématu se vyskytuje v naSich knihovnach

velice sporadicky, az dalo by se fici témérf vibec.

2.1 Historicky vyvoj

Membranové konstrukce jsou jiz od nepaméti pouzivany k ochrané proti
nepfizni poCasi. At uz to byly tee-pee americkych indiant, prosté pfistiesky lidi
z doby kamenné, stany pousStnich beduint nebo cirkusova Sapit6. Tvary pro tyto
konstrukce vychazely z pfedchozich zkuSenosti a stfihd pfedavanych po

generace.

K opravdové analyze vhodného tvaru bylo v minulosti vyuzZivano predevsim
fyzického modelovani pomoci velice pruznych materiald. Tento pfistup se obecné
doporu€uje provadét i dnes soucasné s numerickou analyzou pomoci rdznych
softwarovych feSeni. Lze tak velice jednoduSe odhalit pfipadné problémy, které

nemusi byt na prvni pohled zfejmé.
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2.2 Metody pro hledani tvaru

Tyto metody vychazi zteorie minimélniho povrchu a teorie mydlovych
bublin.

2.2.1 Metoda Force Density
Tuto metodu poprvé publikovali H. J. Schek a K. Linkwitz roku 1973.

V inZenyrské praxi je hojné vyuzivana k hledani rovnovazného tvaru konstrukce,
ktera sestava z lanové sité. Zatimco tvarova analyza membranovych konstrukci je
geometricky nelinearni, FDM linearizuje rovnice pro Upravu tvaru analyticky s

vyuzitim pomeéru hustoty sily pro kazdy z lanovych prvki
g=F/L
F...sila v prvku

L...délka lanového prvku

2.2.2 Metoda Dynamickeé relaxace [1]

Z&kladnim principem metody dynamické relaxace je vyuzZiti simulace
virtualniho rozkmitani membrany z jejiho pocatecniho stavu. Prvnim krokem tedy
je diskretizace pocate¢ni plochy, kde je hmotnost konstrukce koncentrovana
do pfedem definovanych bodu, kterymi je pokryt jeji na povrch. Tim vznikne sit
nehmotnych lan s hmotnymi uzly. Systém téchto hmotnych bodu je pak excitovan
virtuélni silou a vibruje okolo jedné rovnovazné polohy s ohledem na aplikované
zatizeni. Provedeme-li ¢asovou analyzu tohoto systému vystaveného virtualni
dynamické excitaci spole¢né s pouzitim kinematického tlumeni, systém po urcité
dobé dosahne rovnovdzného stavu. Tato Casova analyza pseudo-dynamického

procesu vychézi ze zakladni rovnice dynamiky

P, =M 4, +C;3; +[ZKd]

i~ =i

(2.1)

ji?

kde pro diskretizovany model index ji odpovida j-tému bodu v i-tém sméru,
di, di jsou vektory bodoveého zrychleni a rychlosti. Pj je externi zatizeni, [2KJ); je
suma vektord vnitfnich sil (kde K je tuhost a & pfesuny), M; je hmotnost

jednotlivych bodud a Cj koeficient visk6zniho tlumeni.
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Zavedeme bodove residualni sily R;, které vznikaji rozdilem mezi vektorem

externiho zatizeni a vnitfnich sil.
Rji = Pji _[ZKé‘]ji (2'2)
Z rovnic (2.1) a (2.2) vyplyva, Ze
Rji =M;id; +C6; (2.3)
Pokud tuto diferenciélni rovnici zapiSeme ve formé diferencnich rovnic, pak
nasledné hodnoty zrychleni a rychlosti v ¢ase n4t (kde n oznaduje €islo iteraéniho

kroku a At pfirdstek ¢asu) Ize zapsat jejich hodnotami z pfedesié iterace.

n n-1 sn N
R =P; —[ZKs]i =M ;67 +C o5 (2.4)

i i iz

Z rovnice (2.4) je odvozeno zrychleni

., Rj-Cjoit

Jji :M—“ (2.5)
rychlosti

of =07 -5t (2.6)
a pfesuny

Sh =5 - o)At (2.7)

Cely iteracni proces je pak sloZzen z opakovani rovnice (2.4) s naslednym

vyhodnocenim rovnic (2.5) - (2.7).

2.2.2.1 Kinetické tlumeni

Prabéh feSeni je mozné zjednoduSit pomoci uziti kinetického tlumeni. To
znamend pouziti nulového tlumeni C, zatimco je vibrace konstrukce kontrolovana
pomoci zjiStovani celkové kinetické energie. Jakmile kinetick&d energie systému
dosdhne svého maxima, je iteraéni proces zastaven. Nasledné jsou iterace
restartovany z aktudlni konfigurace s nulovou pocate¢ni rychlosti. S postupem
Casu se vrcholy kinetické energie zmenSuji, jak se nevyrovnané sily a rychlosti

zmensuji, az se konstrukce postupné ustali ve stavu statické rovnovahy.

Diplomova prace, 2012 10 Bc. Karel Kocina
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Konvergence statického feSeni je dosazena diky kumulaénimu efektu
postupnych redukci kinetické energie. Tato metoda zavisi na pozorovani, ze pfi
jednoduchém harmonickém pohybu je maximalni kinetickd energie dosazena
v okamziku, kdy je minimalni potencialni energie. Tento princip nejlépe ilustruje

pohyb kyvadla.

Pokud nastavime viskozni tlumeni rovno nule, dostaneme z rovnice (2.5)

n

5t Ri (2.8)
i T g '
M

zatimco vyrazy pro rychlosti (2.6) a pfesunuti (2.7) zlistanou nezménény.

V itera¢nim procesu pak dojde pouze k pouZziti rovnice (2.8) namisto (2.5)

oproti algoritmu bez kinetického tlumeni.

2.2.3 Metoda Updated reference strategy [2]
Z&kladni rovnice, kterd popisuje tuto metodu hledani tvaru, je zaloZzena na
principu virtualni prace vnitinich sil.

a(ou)

|§N=t£a:7

da:tJ.a:é‘u’Xda:O (2.9)

Rovnice (2.9) vyjadfuje zavislost, kdy pfi rovnovazném stavu bude pole
napéti nulové. o je predepsany Cauchyho tenzor napéti, ktery plsobi na povrch v
Klidu, &u x je derivace virtualniho pfemisténi respektujici aktuélni plochu. Tloustka

membrany je ve vzorci definovana jako t.

Bohuzel pfimé numerické feSeni rovnovazné rovnice (2.9) neni mozné.
Matice tohoto diskretizovaného systému by byla singularni. ReSeni tohoto
problému leZi v inverznim pfistupu. Hleddme diskretizovany rovnovazny povrch
s urcitou topologii diskretizacnich parametrd, ktera vyustuje do kontextu MKP jako
sit, presnéji feCeno jako pozice bodl. Je vSak dokazano, Zze body mohou byt
libovolné premistovany po rovnovazném povrchu, aniz by to bylo v rozporu
s podminkami rovnovahy (resp. zachovavaji platnou diskretizaci hledaného
povrchu). Rik& se jim tzv. ,plovouci sit&“. Oviem neexistuje zadny urgity typ sité,
ktery by zpusobil singularitu a zabranil by pfimému FeSeni. Proto byla vyvinuta

metoda ,Strategie aktualizované referenéni plochy*.

Diplomova prace, 2012 11 Bc. Karel Kocina
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Tato metoda je velice silnou diky tomu, Ze je pfimo odvozena z nelinearni
mechaniky kontinua. Jeji myslenkou je nahradit puvodni singularni tlohu relativni,
dobfe postavenou ulohou. Namisto predpokladu, Ze mame dan Cauchyho tenzor
napéti ¢ neznamého rovnovazného povrchu, stanovime tenzor druhého napéti
Piola-Kirchhoff S, ktery odpovida libovolné pocate€ni geometrii plochy. Tato dvé
rozdilna napéti jsou propojena deformacnim gradientem F, ktery je méfitkem

vzniklého pfesunu mezi referencni a aktualni geometrii.
S=detFF'.0c-F" (2.10)

Je potfeba poznamenat, Ze pouze Cauchyho tenzor napéti pfedstavuje
realné fyzikalni napéti, které pusobi na vysledném povrchu. Tenzor druhého
napéti Piola-Kirchhoff odpovida nedeformované geometrii a je to pouze veli€ina,
kterd je pouZzita za ucelem vypoctu. Pokud je aktudlni konfigurace identicka
s referencni, jsou tyto miry také identické.

Derivace zacina rovnici (2.9), ve které je Cauchyho tenzor napéti nahrazen

tenzorem druhého napéti Piola-Kirchhoff

sw=t[(F - (detFF* o F 7 )):oFdA=t[(F - S): oFdA (2.11)

Pomoci této rovnice jsme schopni vypocitat rovnovazny povrch pro dany
stav napéti dle daného tenzoru druhého Piola-Kirchhoff napéti. Vysledné
Cauchyho napéti se vSak bude od hledaného stavu napéti liSit. Proto je nutné
rozSifit dany algoritmus o dalSi iteraéni smy¢ku. Ziskany rovnovazny povrch (ktery
je bliz§i vyslednému povrchu) tedy oznaCime jako referenéni pro nasledujici
iteracni krok. Toto pfedstavuje podstatu navrhu celého procesu, ktery je proto
nazyvan ,Updated Reference Strategy“. Po aktualizaci referenéni plochy opét
specifikujeme tenzor druhého napéti Piola-Kirchhoff v zavislosti na hledaném poli
napéti, abychom dostali dobfe definovanou ulohu a abychom byli schopni
vypocitat novou aktualni konfiguraci. Sou¢asné se zmenSujicim se odpovidajicim
pfemisténim mezi aktualni a referenéni konfiguraci, se zmensSuje i rozdil mezi
druhym napétim Piola-Kirchhoff a Cauchyho napétim. Timto pak vypocet

konverguije k Uloze, ktera se uz nebude ménit.
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Tato extrémé efektivni metoda umoziuje pouzit jakykoliv stav napéti s nebo
bez vnéjSiho zatizeni. Navic muze byt pouzita s jakoukoliv diskretizaci a pouZzita

stejnym zpUsobem.

Zvlastni daraz je pak kladen na vypocet, pokud ve smérech waft a warp ma
byt predpéti s riznou hodnotou a tudiz je prfedepsano anisotropni rozdéleni
napéti. Matematicky je dokazano, Ze pouze plochy s nulovou Gaussovou kfivosti
(jako rovinné plochy nebo vélce) maji konstantni anisotropni pole napéti. Pro
vSechny ostatni plochy s dvojitou kfivosti (coz je normalni u vétSiny
membranovych konstrukci) plati, Ze vznikaji mirné odchylky od vysledného napéti
a musi byt pfijaty, protoZze neexistuje zadné presnéjSi matematické feSeni tohoto
problému. Jednotliva feSeni pro vSechny kroky predstavuji fyzikalné stabilni
feSeni. Uzivatel tak musi upravit pouze pocet provedenych krokd hledani tvaru

tak, aby feSeni splfiovalo poZzadavky na geometrii a presnost vyplyvajicich napéti.

Initial geometry step 1

AEEE

0N ——

Obr. 1: Odchylky napéti na katenoidu s anisotropnim pfedpétim [2]
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2.2.4 Nelineéarni analyza [3]

2.2.4.1 Updated Lagrangian

Pro pouZiti této metody je potfeba znat zakladni rovnice z oblasti fyziky a

rovnice popisujici vlastnosti standardniho Boltzmanova continua.
Zakon o zachovani hmoty

Jedna se o zakon popisujici zménu hustoty télesa v zavislosti na deformaci.

gl

Po ...pavodni hustota (na referenéni konfiguraci)
P ...bézné hustota (na deformovaném télese)
Zakon o zachovani hybnosti

Z&kon o zachovani linearni hybnosti
V.o+p-b=0

p-b...vektor objemovych sil

b...vektor gravitacniho zrychleni

Zakon o zachovani tocivosti (Uhlové hybnosti)

Vyjadfeni momentové podminky rovnovahy pfi zanedbani setrvac¢nych sil.

Z rovnice je jasnd i symetrie tenzoru napjatosti ©.

T
O=0

Z&kon o zachovani energie

Tento zakon v mechanice téles popisuje, Ze rychlost zmény celkové energie
télesa je rovna souctu rychlosti prace vnéjSich sil (vykonu zatiZeni), tepelného

toku a zdroje energie.
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Konstitutivni rovnice

Tato rovnice popisuje vztah mezi napétim a deformaci na deformovaném

télese.
o=0(e0,..)

Geometrické rovnice (mira deformace)

L g
e=—(I-F"-F")

V této metodé se pouziva Euler — Almansiho tenzor deformace definovany

na deformovaném télese.

Samotna diskretizace MKP pro formulaci na bézné konfiguraci (updated
Lagrangian), jak jiz bylo fe€eno, je definovana na deformovaném télese Q. Vztah
mezi virtualnim pfirdstkem Euler — Almansiho tenzoru deformace zapsanym ve
Voigotové notaci & {e} a virtudlnim prfirGstkem vektoru parametrd deformace &d
vyjadfuje rovnice:

0{e}=B-d&d

PFi této definici muze byt vektor vnitfnich uzlovych sil pocitan podle vzorce:

Teéna matice tuhosti

Tec¢nd matice tuhosti charakterizuje béznou tuhost v daném okamziku.
Respektuje tedy zménu geometrie, te¢nou tuhost materialu a vliv napjatosti. Takto

Ize tuto matici tuhosti v bézné konfiguraci d definovat jako:
Kr=Ku + Kg
Kwm ...te€n& materialova matice tuhosti

Ky ...te€na geometricka matice tuhosti
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2.2.4.2 Newton — Raphsonova iteraéni metoda
Tato metoda je zaloZena na hledani feSeni, pfi kterém jsou nevyvazené sily

r(d) nulove.

Po provedeni rozvoje r(d) do Taylorovy fady kolem znamého fedeni d®?,
kde od je prirastek 5d”= d¥- d™ a pokud zanedbame ¢&leny druhého a vy$sich
fadu, rovnice bude vypadat nasledovné:

-1

5d® :_(KT (d(f—l))) -r(d“‘n):(KT(d“‘” ))" -(f—K(d“‘”)-d“‘”)

Kt ...tangenta (sklon) &ary r(d) v d™ — pfi feSenf Gloh deformaéni variantou
MKP se tato tangenta nazyva te¢nou matici tuhosti

Pokud tato procedura konverguje, nevyvazena sila r(d) postupné klesa

k nule.
Celkové feSeni pro pfirastek d v i — té iteraci je nasledujici:
dO= gD+ 59

Newton-Raphsonovu proceduru Ize pro soustavu nelinearnich rovnic zapsat
takto:

od= KT'lr
Kt ...te€na matice

e or
T ad|de

r je vektor nevyvazeného zatizeni

r:fint_fext

Diplomova prace, 2012 16 Bc. Karel Kocina



Studie vhodného tvaru membranovych konstrukci

Princip Newton — Raphsonovy metody Ize znazornit i graficky:
f Ky

Ko

/

e e e e e s S o o o

j L
TS 1

L E— 400 p

e s e . s B

Obr. 2 Princip Newton — Raphsonovy metody

Pro samotny vypocet je vSak Casto vyhodnéjSi pouzit modifikovanou
Newton — Raphsonovu metodu, ktera nam dava moznost ponechat levou stranu
soustavy rovnic beze zmény a ménit pouze pravou stranu. Toto nam umozni,
narozdil od normalni Newton — Raphsonovy metody, provadét dekompozici matice
pfi feSeni Gaussovou nebo Choleského metodou jen jednou a tim i pfi vySSim
poctu nutnych iteraci zajisti rychlejSi vypocet.

Princip této metody Ize znazornit i graficky:
f

KO g

fext = i =

d@  gm d
Obr. 3 Princip modifikované Newton — Raphsonovy metody
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Obé tyto metody (modifikovana a normalni) se daji vyhodné kombinovat a
to jednak kvdli Uspore €asu pfi vypoctu a jednak k FeSeni uloh, pro které by pouZziti

nemodifikované Newton — Raphsonovy metody selhalo.

Obr. 4 Kombinace Newton-Raphsonovy a modifikované Newton-

Raphsonovy metody

Diplomova prace, 2012 18 Bc. Karel Kocina



Studie vhodného tvaru membranovych konstrukci

2.3 Programy na hledani vhodného tvaru

2.3.1 Form Finder

Tento program byl vyvinut pfimo pro navrh tvard membranovych konstrukci
na zakladé letitéto vyzkumu v této oblasti. Za programem stoji firma pana Dipl.-

Ing. Dr. Techn.Robert Wehdorn-Roithmayr.

(E} Formfinder Light - DASkola\K3ja\Diplomovs prace\Forn
File Edit Select Draw View Help

/ L oy ﬂf,'f; @ @ @ go. .on L ‘{‘; € LENZING S EF AR

I Hetlype <
Met type: %
&
Estimated shess: [1.00 KN/ é
4
(= Parameters depending an net type:
Parameters for adial net 7
.00 o //l \\\ X
Gt 5 7 lmm\ \\ S
25,00 m % II \\\ \\\‘ \\‘\ XN
¥ Inner radius: [0.50 ™ 4 // 4 ' ‘\\\\\/
Coarser ﬂ , / ” P44 " I'l“‘:“
Finer LK b
tangentil  Mesh:  radal 3 4 “"! "‘
7.50 Ses [0 m
025 & (k)
]

1
000 ¢ Ofest |05 m
2sh o :

1 General Infarmation [l nets)

Area ERERNGG] -

Mode: SELECT Selected object-ID: 1 115:1

Metoda vypocltu vhodnych tvarl neni uvedena. VeSkerd dokumentace je

k dispozici az ve verzi Profi, ktera je vSak jiz placena (cena neuvedena).

2.3.2 RhinoMembrane

Jako rozSifeni programu Rhinoceros je mozné dokoupit modul
RhinoMembrane, ktery vyuzivA metodu Updated Reference Strategy popsanou
vySe. Tato metoda vyuzivA namisto predepsani materidlového pole X (i.e.
mnozstvi a umisténi hmoty v prostoru, ktery tvofi konstrukci) pfipustné pole

napéti S, pro které je pak ur€en rovnovazny tvar.

Uzivatel namodeluje pomoci NURBS ploch v programu Rhino vychozi tvar
konstrukce, ktery respektuje okrajové podminky. Nasledné tuto konstrukci pokryje
siti. V pfipadé spojenych ploch je tfeba zajistit, aby hrani¢ni body siti na spojich
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jednotlivych ploch byly sjednocené. Nasledné musi specifikovat distribuci predpéti

v membrané a predpinacich kabelech jako vstupni data pro proces hledani tvaru.

Pro pneumatické stavby jako tfeba nafukovaci zastfeSeni hal je dokonce
mozné aplikovat tlak p v ramci hledani tvaru. V neposledni fadé je také potfeba
definovat dostate¢né okrajové podminky,
abychom dostali jedine¢né feSeni

rovnovazného tvaru.

V trial verzi, kter4 je zdarma, je mozZné
modelovat konstrukci s omezenim poctu bodu
sité na 100. Studentska verze s neomezenym
pocétem bodul je pak za 450,76 EUR (kompletni
baleni).

Proto bohuzel nebylo mozné analyzovat

Rhinokembrans :1.2.7

ani jeden tvar. Pokud je vSak tento program k
by Bletzinger,['dnza, Linhard |c] copynght 2008 BOL team

| DEFAULT-Tral 300 dofs dispozici jisté je silnym nastrojem pro hledani

B | [ teeee | [ _Hb [f yhodného tvaru membranovych konstrukci.

2.3.3 Skript na relaxaci

Program Rhinoceros nabizi v oblasti vytvareni skriptll Siroké moZznosti.
Proto pan David Rutten vytvofil béhem svého pobytu na Prat-SA, Toulouse, ve
Francii, dva skripty pro relaxaci ploch. Oba skripty jsou zalozeny na Force Density
Method a redukci vibraci. LiSi se ovSem pouzitim.

Prvni se jmenuje MeshRelaxation.rvb a je ur€en pro relaxaci siti.

Druhy m& nazev NurbsRelaxation.rvb a s jeho pomoci je mozné hledat
minimalni tvar NURBS ploch. Tento skript ma ovSem omezeni, Ze umoZzZiuje
relaxaci pouze jedné NURBS plochy, kterA mize byt ovSem rotacni &i cyklicka.
Tzn. nesmi se jednat o spojené NURBS plochy. Na rozdil ale od prvniho skriptu

dokaze pouzit rizné napéti pro dva na sebe kolmé sméry (weft a warp).

Tyto skripty jsou volné dostupné na internetu pro nekomeréni pouZziti.
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2.3.4 RFEM

RFEM 4 je program pro 3D analyzu metodou koneénych prvkd (MKP),

vhodny pro naro¢né inZzenyry — statiky, ktery spliiuje pozZzadavky moderniho

stavebniho inZzenyrstvi a odrazi nejnové;si trendy v oboru.

RFEM je zalozen na modularnim
softwarovém systému: zakladni program RFEM
urCuje vnitini sily, deformace a podporové reakce
pro konstrukce sloZzené z ploch a prutd. Pro
nasledna posouzeni jsou k dispozici pfidavné
moduly, ktere odpovidaji specifickym
pozadavkim na materialy a normy. Diky této
modularni koncepci Ize sestavit sadu programu,
kterd& bude nejlépe vyhovovat individualnim

pranim uzivatele.

V soucasné dobé je k dispozici RFEM 4, kterd umoZznuje nelinearni analyzu

[ll. stupné s vyuZzitim Newton-Raphsonovy iteraéni metody. V dohledné dobé se

vSak pfipravuje RFEM 5, kde bude moZzné kvypoctu pouzit jak Newton-

Raphsonovu metodu, tak Picardovu &i jejich kombinaci. Navic umozni vypocet i

pomoci dynamické relaxace.
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2.4 NURBS krvky a plochy

Zkratka NURBS byva mnohdy oznacovana jako Nobody Understands
Rational B-Spline. Ve skute¢nosti se jedna o zkratku nazvu Non-uniform rational
B-spline.

B-spline jsou aproximacni kfivky a plochy dané fidicimi body a spjaté s B-
spline funkcemi. Tyto funkce jsou zadany rekurentnim vztahem a jejich tvar zavisi

na uzlovém vektoru.

Non-uniform znamena, Ze rozdil sousednich &isel v uzlovém vektoru neni
konstantni. Tj. kfivka nema plynuly pribéh kfivosti, coz umoznuje lepSi moznosti

pfi Gpravé tvaru.

Pfifazenim vahy k jednotlivym bodum (tzn. kazdému bodu je pfifazeno
Cislo, které udavé, jak moc bude kfivka k danému bodu pfitahovana), pak do
nazvu pribude pojem rational. Ve vétSiné pripadl je pfifazena vSem bodim
hodnota vahy rovna 1. Vtomto pfipadé se pak jedna o non-rational kfivku.
Pouzivat hodnotu w=1 se doporucuje i v pfipadech, kdyzZ je nutné nasledné kfivku
nebo plochu prevést do jiného programu. Pokud nastavime hodnotu vahy v
intervalu <0;1), znamena to, Ze vliv daného bodu na kfivku je maly a kfivka bude
vzdalena od bodu vic. V pfipadé, Ze ji nastavime vétSi nez jedna, zvySuje se sila,
kterou je kfivka pfitahovana k danému bodu. Geometricky je vypocet plochy s

vadhami feSen rozSifenim 3D prostoru o dalSi dimenzi.

Obr. 5 Vliv vahy jednotlivych bodl na tvar kfivky

Vaha je pfifazena jako Ctvrta soufadnice bodu a do vypoctu je pouZzita
stejnym zpusobem jako ostatni soufadnice. Po skonceni vypocCtu se prvni tfi

vypoctené hodnoty podéli danou vahou. Matematicky zapis tohoto vypoctu je:

o(t)= 2PN
2o WNy ()

(2.12)

Diplomova prace, 2012 22 Bc. Karel Kocina



Studie vhodného tvaru membranovych konstrukci

NURBS kfivky a plochy se vyuzivaji v CAD systémech diky jejich vybornym
modelacnim schopnostem. Zménou polohy fidiciho bodu, hodnoty vahy &i tvarem

uzlového vektoru Ize ménit lokalné tvar kfivky nebo plochy.

Velkou vyhodou kfivek NURBS je jejich schopnost presné vyjadrit

kuzZeloseCky. Proto jimi Ize jednoduSe konstruovat zakladni télesa (kuzel, valec,

MLV

zapis:

Z?:OZ;:OW” Pii N im (u N T (V)
202 NN )

C(u,v)=

(2.13)

Obr. 6 NURBS plocha s fidicimi body
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3. ANALYZA VYBRANYCH TVARU V PROGRAMU RFEM

Ve vétsiné pfipadl jsou membranové konstrukce navrhovany pro specifické
umisténi podpor dle prostoru, ktery ma byt zastfeSen. Proto nelze najit jedno
vhodné feSeni pro jakékoliv okrajové podminky. Pro nazornost jsem proto zvolil
dva zpuasoby uchyceni membranovych konstrukci. V prvnim pfipadé se jedné o
rotaéni plochy, kdy vnitfni i vnéjSi hrana ma po celé délce zabranéno v pohybu
pomoci liniovych podpor. V druhém pfipadé se jedna o membranu ¢tvercového
padorysu, kdy na vnéjSim obvodu je v rozich uchycena pomoci &ty bodovych
podpor a mezi nimi predpjatym kabelem. Na vnitfrnim obvodu je opét liniova
podpora. K modelovani membranovych konstrukci &tvercového pldorysu jsem
jako nejvhodnéjsi zvolii NURBS plochy, které umoZziuji vytvofeni modell
s hladkou plochou. VSechny tvary byly zatizeny vlastni tihou textilie, pfedepnutim
a naslednym zatizenim snéhem s referenéni hodnotou 1kN/m? pro celou plochu
membrany. Ve vypoCtu zatéZovacich kombinaci bylo pfihlédnuto i
k bezpecnostnim soucinitelim platnym pro jednotlivé typy zatiZzeni dle platného

eurokodu.
3.1 Tvary vytvorfené pomoci Rhino skriptd

3.1.1 Rotaéni plocha

Vzhledem k povaze této plochy je mozné ji vymodelovat pomoci jedné
rotatni NURBS plochy a proto byl knalezeni jejiho tvaru pouZzit skript
NurbsRelaxation. Tento skript umoznuje ovlivnit vysledny tvar pomoci poméru

napéti ve dvou smérech, oznacovanych jako weft a warp.

Obr. 7 Perspektiva analyzovanych tvaru
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Tvar 1: 1:1

Tvar 2: 1:2

Tvar 3: 1:3

Tvar 4: 1:4

7/ 7
Obr. 8 Rezy rotaéni plochou s rliznymi poméry weft:warp

Z obr. 8 je zfejmé, Ze pfi poméru weft:.warp=1:5 jiz dochazi u vrcholu

membrany k prohnuti plochy dovnitf, coz z estetického hlediska neni Zadouci.

Proto budu analyzovat tvary s pomérem weft:warp do 1:4. Pro pfeneseni
geometrie do programu RFEM byla plocha pokryta siti a exportovana ve formatu
*.dxf. Pokryti siti bylo provedeno z duvodu chybéjici podpory NURBS entit
formatem DXF. V programu RFEM byl pak vysledny tvar uréen fezem (spline
kfivkou) a jeho naslednou rotaci okolo osy z. Pfedpéti do membrany bylo vneseno

vynucenym posunem vnitfni liniové podpory o 10 mm ve sméru osy z.

Obr. 9 PFiklad tvaru vytvofeného rotaci spline kfivky kolem osy z
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3.1.1.1 Tvarl

Na prvnim tvaru vznikly deformace pfi stalém zatizeni velikosti max.
10 mm, coz odpovida deformaci vnitfni liniové podpory. Pfi zatizeni snéhem
zustala maximalni deformace na 10 mm. Hlavni napéti n1 vzrostlo ze 136.09 kN/m
hlavniho napéti n2 klesly z -6.69 kN/m pro stale zatizeni na -7.31 kN/m pro
kombinaci se snéhem. Spole¢né se zatizenim snéhem vznikl pas pficnych tlaku

v dolni ¢asti membrany. RozloZeni deformaci a napéti na ploSe posuzovaného

tvaru je patrné z nasledujicich obrazku.

Obr. 10 Deformace pfi stalém zatizeni a kombinaci stédlého se snéhem
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Obr. 11 Hlavni napétf nl pfi stalém zatiZzeni a kombinaci stalého se snéhem
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Obr. 12 Hlavni napétf n2 pfi stalém zatizeni a kombinaci stalého se snéhem
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3.1.1.2 Tvar 2

Na druhém tvaru opét vznikly deformace pfi stalém zatizeni velikosti
vynuceného posunu podpor, ti. 10 mm. PFi zatizeni snéhem vSak doSlo ke
stejnému premisténi uzll i v doIni ¢asti membrany. Hlavni napéti nl kleslo ze
109.15 kKN/m pro stalé zatizeni na 80.08 kN/m v kombinaci se snéhem. Nejnizsi
hodnoty hlavniho napéti n2 vzrostly z -3.87 kN/m pro stélé zatizeni na -2.97 kN/m
pro kombinaci se snéhem. Pas pfi¢nych tlakd v dolni ¢asti membrany ma sice
nizSi hodnoty nez u predchoziho tvaru, avSak je rozprostfen na vétsi plochu. Pas
tlakd u vrcholu membrany vSak svoji plochu zmenSil. RozloZeni deformaci a napéti

na ploSe posuzovaného tvaru je patrné z nasledujicich obrazku.

Obr. 13 Deformace pfi stalém zatizeni a kombinaci stalého se snéhem
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Obr. 14 Hlavni napéti n1 pfi stalém zatizeni a kombinaci stalého se snéhem

> I==s So=
R 5 S -

Obr. 15 Hlavni napéti n2 pfi stalém zatizeni a kombinaci stalého se snéhem
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3.1.1.3 Tvar 3

Na tfetim tvaru opét vznikly deformace pfi stdlém zatiZzeni pouze o velikosti
10 mm. PF zatizeni snéhem jiz v dolni ¢asti membrany vznikla maximalni
deformace o velikosti 12.5 mm. Hlavni napéti n1 opét kleslo z 88.65 kN/m pro

e

napéti n2 vzrostly z -3.03 kN/m pro stale zatizeni na -2.11 kN/m pro kombinaci se
snéhem. Pas pficnych tlaka v dolni ¢asti membrany vznikl opét na vétsi ploSe,
zatimco pficné tlaky v horni ¢asti membrany se zmenSuji. RozloZeni deformaci a

napéti na ploSe posuzovaného tvaru je patrné z nasledujicich obrazka.

Obr. 16 Deformace pfi stalém zatizeni a kombinaci stédlého se snéhem
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Obr. 17 Hlavni napétf nl pfi stalém zatizeni a kombinaci stalého se snéhem
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3.1.1.4 Tvar 4

Ctvrty tvar se pfi stalém zatiZeni opét deformuje o 10 mm. V kombinaci se
snéhem pak vzrista deformace v dolni ¢asti membrany na 20.4 mm. U tohoto
tvaru vSak jiz dochazi k nerovhomérné deformaci. Hlavni napéti n1 vzrostlo ze
hodnoty hlavniho napéti n2 klesly z -1.72 KN/m pro stale zatizeni na -7.32 kN/m
pro kombinaci se snéhem. V kombinaci se snéhem zpulsobil pas pfi¢nych tlaku

v dolni ¢asti membrany pravidelné zvinéni membrany. RozloZeni deformaci a

napéti na ploSe posuzovaného tvaru je patrné z nasledujicich obrazka.

Obr. 19 Deformace pfi stalém zatizeni a kombinaci stédlého se snéhem
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3.1.2 Ctvercovy padorys

Vzhledem k tomu, Ze se nejedna o rotacni ani cyklickou plochu, bylo nutné
pouzit skript MeshRelaxation.rvb. Tento skript umozriuje dynamickou relaxaci siti.
BohuZel neumoZiuje pfifazeni rizného napéti weft a warp. Proto jsem zvolil jiny
pFistup. Vychozi tvar sité jsem namodeloval s riznou vySkou (celoCiselnym
nasobkem 5 m), avSak se stejnym pudorysem. Po relaxaci jednotlivych siti jsem

proved| 1D zmenSeni sité ve sméru osy z.

Obr. 22 Perspektiva analyzovanych tvaru
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Obr. 23 Rezy tvary membran étvercového padorysu

Diplomova prace, 2012 34 Bc. Karel Kocina



Studie vhodného tvaru membranovych konstrukci

3.1.2.1 Tvar 1l

Prvni tvar ma pfi stalém zatizeni deformaci o velikosti max.145.5 mm.
V kombinaci se snéhem vzrostla maximalni deformace na 161.6 mm. Hlavni
napéti n1 vzrostlo ze 133.37 kN/m pro stalé zatiZzeni na 181.45 kN/m v kombinaci
zatizeni na -7.78 kN/m pro kombinaci se snéhem. Rozlozeni deformaci a napéti

na ploSe posuzovaného tvaru je patrné z nasledujicich obréazkau.

Obr. 24 Deformace pfi stalém zatiZzeni a kombinaci stdlého se snéhem
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Obr. 25 Hlavni napéti nl pfi stalém zatizeni a kombinaci stalého se snéhem

Obr. 26 Hlavni napéti n2 pfi stalém zatizeni a kombinaci stalého se snéhem
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3.1.2.2 Tvar 2

Maximalni deformace na druhém tvaru Cinila pfi stalém zatizeni 53.5 mm.
V kombinaci se snéhem vzrostla maximalni deformace na 154.2 mm. Hlavni
napéti nl vzrostlo ze 70.92 KN/m pro stélé zatizeni na 127.06 kN/m v kombinaci
se snéhem. Bohuzel se vSak pfi zatizeni snéhem dostalo hlavni napéti n1 az do
vzrostly z -7.08 KN/m pro stale zatizeni na -7.03 kN/m pro kombinaci se snéhem.
RozloZzeni deformaci a napéti na ploSe posuzovaného tvaru je patrné

z nasledujicich obrazka.

Obr. 27 Deformace pfi stalém zatizeni a kombinaci stalého se snéhem

Diplomova préace, 2012 37 Bc. Karel Kocina



Studie vhodného tvaru membranovych konstrukci

Obr. 28 Hlavni napéti nl pfi stalém zatizeni a kombinaci stalého se snéhem

Obr. 29 Hlavni napéti n2 pfi stalém zatizeni a kombinaci stalého se snéhem
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3.1.2.3 Tvar 3

U tfetiho tvaru dosahla maximalni deformace pfi stadlém zatizeni hodnoty
57.8 mm. V kombinaci se snéhem vzrostla maximalni deformace na 104.1 mm.
Hlavni napéti nl vzrostlo ze 51.56 kN/m pro stalé zatizeni na 82.58 kN/m v
pro stale zatiZzeni na -4.78 kN/m pro kombinaci se snéhem. RozloZeni deformaci a

napéti na ploSe posuzovaného tvaru je patrné z nasledujicich obrazka.

Obr. 30 Deformace pfi stalém zatizeni a kombinaci stdlého se snéhem
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Obr. 31 Hlavni napéti nl pfi stalém zatizeni a kombinaci stalého se snéhem

& : | il
Obr. 32 Hlavni napéti n2 pfi stalém zatizeni a kombinaci stalého se snéhem
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3.1.2.4 Tvar 4

Posledni tvar ma pfi stdléem zatizeni maximalni deformaci o velikosti
44.5 mm. V kombinaci se snéhem vzrostla maximalni deformace na 110.9 mm.
Hlavni napéti nl vzrostlo ze 55.30 kN/m pro stalé zatizeni na 85.63 kN/m v
kombinaci se snéhem. Bohuzel se v tomto pfipadé opét hlavni napéti nl1 dostalo
do zapornych hodnot a to pro stalé zatizeni, konkrétné az na hodnotu -0.60 kN/m.
Nejniz8i hodnoty hlavniho napéti n2 vzrostly z -3.16 kN/m pro stale zatizeni na
hodnotu -3.14 kN/m pro kombinaci se snéhem. RozloZeni deformaci a napéti na

ploSe posuzovaného tvaru je patrné z nasledujicich obrazkd.

Obr. 33 Deformace pfi stalém zatizeni a kombinaci stédlého se snéhem
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Obr. 35 Hlavni napéti n2 pfi stalém zatizeni a kombinaci stalého se snéhem

Diplomova préace, 2012 42 Bc. Karel Kocina



Studie vhodného tvaru membranovych konstrukci

3.1.3 Shrnuti

Z analyzovanych tvar rota¢nich ploch se jevi jako nejvyhodnéjsi tvar s
pomérem weft:.warp=1:3 (Tvar 3). Pfi tomto poméru dochazi k nejmensi oblasti
tlakového napéti v horni ¢asti membrany. Presto, Ze iz doch&zi k deformaci v
dolni Casti vétsi, nez je deformace od posunuti podpor, nedochazi zde jesté

k bouleni, které jiz nastava u tvaru 4.

V pfipadé ctvercového pudorysu bych jako nejvhodnéjSi zvolil opét tvar 3,
ktery vykazoval nejmensi deformaci pfi kombinaci stalého a nahodilého zatizeni.
Zaroven hlavni napéti nl nenabyvalo zapornych hodnot. Hlavni napéti n2
nabyvalo zapornych hodnot prfevazné v oblastech kolem lanovych prutd. Tyto
pruty jsou soudrzné spojeny s pfilehlymi plochami. Proto prfedpéti vnesené do

prutt zpUsobuje tlakové namahani pfilehlé membrany rovnobézné s osou prutu.

Dale je mozné si povSimnout koncentraci napéti kolem spoja jednotlivych
NURBS ploch, ze kterych je konstrukce vymodelovana. Je to zplsobeno rozdilem
mezi geometrii ziskanou pomoci Rhino skriptl a vyslednou, sloZzenou ze Ctyf
NURBS ploch.
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3.2 Tvary vytvorfené v programu Formfinder

Program FormFinder klade duraz na jednoduchost navrhu tvaru a proto je
jeho prostiedi velice uzivatelsky pfivétivé. Podstatou navrhu je nakresleni
pudorysného tvaru vcéetné moznosti ovlivnit velikost prohnuti obvodovych

predpinacich lan.

Pokud modelujeme membranu uchycenou pouze v rozich, zvolime
pravidelnou sit. V pfipadé, Ze je pozadavek na podporu uvnitf pidorysu
membrany, je potfeba zvolit radialni sit. lhned je vygenerovéana vnitini kruhova
podpora s pfeddefinovanym polomérem. VySka podpory je nulova a proto je tieba
zadat pozadovanou vySku, pfipadné polomér podpory. V pripadé, Ze je potfeba
vice podpor, je mozné vymodelovat vice membran s radialni siti a ty pak spojit
dohromady. BohuZel tato funkce je dostupné az v plné verzi.

Tento program umoznuje nastaveni napéti pro weft a warp pfimo. Zpusob
vypoctu Ize ovlivnit i volbou metody vypoctu sil/napéti v radialnim sméru. Jsou

mozné tfi volby:
- konstantni napéti (akademicky pfistup)
- promeénna sila s pocatecni hodnotou
- konstantni sila (konvenéni pfistup).

Tim Ize ovlivnit vysledny tvar tak, aby splfioval poZzadavky architekta.

fr=1-0.75 Tvar 1: 1:0.75
Tvar 2: 1:1
tir=1:1
tr=1-1.5 Tvar 3: 1:1.5
Tvar 4: 1:2

tir=1:2

Obr. 36 Rezy s rGznym pomé&rem t:r
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3.2.1.1 Tvarl

Prvni tvar ma pfi stdlém zatizeni maximalni deformaci 14.8 mm.
V kombinaci se snéhem vzrostla maximalni deformace na 56.9 mm. Hlavni napéti
nl vzrostlo ze 32.97 kN/m pro stalé zatizeni na 67.18 kN/m v kombinaci se
snéhem. NejnizSi hodnoty hlavniho napéti n2 klesly z -1.28 kN/m pro stalé
zatizeni na -9.27 kKN/m pro kombinaci se snéhem. Rozlozeni deformaci a napéti

na ploSe posuzovaného tvaru je patrné z nasledujicich obréazkau.

Obr. 37 Deformace pfi stalém zatizeni a kombinaci stdlého se snéhem
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Obr. 38 Hlavni napéti nl pfi stalém zatizeni a kombinaci stalého se snéhem

Obr. 39 Hlavni napéti n2 pfi stalém zatizeni a kombinaci stalého se snéhem
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3.2.1.2 Tvar 2

Druhy tvar méa pfi stdlém zatizeni deformaci o velikosti max.19.4 mm.
V kombinaci se snéhem vzrostla maximalni deformace na 61.0 mm. Hlavni napéti
nl vzrostlo ze 50.72 KN/m pro stalé zatizeni na 69.54 kN/m v kombinaci se
zatizeni na -5.16 kN/m pro kombinaci se snéhem. Rozlozeni deformaci a napéti

na ploSe posuzovaného tvaru je patrné z nasledujicich obréazkau.

Obr. 40 Deformace pfi stalém zatizeni a kombinaci stdlého se snéhem
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Obr. 41 Hlavni napéti n1 pfi stalém zatizeni a kombinaci stalého se snéhem

d b
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Obr. 42 Hlavni napéti n2 pfi stalém zatizeni a kombinaci stalého se snéhem
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3.2.1.3 Tvar 3

Treti tvar pfi stalém zatizeni nabyva maximalni deformace 44.4 mm.
V kombinaci se snéhem vzrostla maximalni deformace na 66.8 mm. Hlavni napéti
nl vzrostlo ze 64.09 kN/m pro stélé zatizeni na 104.46 kN/m v kombinaci se
snéhem. Bohuzel vtomto pfipadé opét hlavni napéti nl nabyvalo zapornych
hodnot a to -0.30 kN/m pro stélé zatiZzeni a -1.06 kN/m pro kombinaci se snéhem.
Nejniz8i hodnoty hlavniho napéti n2 vzrostly z -2.39 kN/m pro stalé zatizeni na -
2.15 KN/m pro kombinaci se snéhem. RozloZzeni deformaci a napéti na ploSe

posuzovaného tvaru je patrné z nasledujicich obrazka.

Obr. 43 Deformace pfi stalém zatizeni a kombinaci stédlého se snéhem
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Obr. 44 Hlavni napéti nl pfi stalém zatizeni a kombinaci stalého se snéhem

Obr. 45 Hlavni napéti n2 pfi stalém zatizeni a kombinaci stalého se snéhem
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3.2.1.4 Tvar 4

Pro Ctvrty tvar pfi stalém zatizeni dosahuje maximalni deformace 73.1 mm.
V kombinaci se snéhem vzrostla maximalni deformace na 82.0 mm. Hlavni napéti
nl vzrostlo ze 58.54 kN/m pro stélé zatizeni na 117.29 kN/m v kombinaci se
zatizeni na -2.38 kN/m pro kombinaci se snéhem. Rozlozeni deformaci a napéti

na ploSe posuzovaného tvaru je patrné z nasledujicich obréazkau.

Obr. 46 Deformace pfi stalém zatizeni a kombinaci stdlého se snéhem
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Obr. 48 Hlavni napéti n2 pfi stalém zatizeni a kombinaci stalého se snéhem
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3.2.2 Shrnuti

Z vybranych tvar( ziskanych pomoci programu FormFinder bych jako
nejvhodnéjsi zvolil tvar 1. A to z ddvodu, Ze vykazuje nejmenSi deformace.
Zaroven na konstrukci vznikaji nejmensi hlavni napéti nl. Pfitomnost zaporného

hlavniho napéti n2 je opét zpusobena z velké Easti predpinacimi lanovymi pruty.

Z provedenych analyz vyplyva, Zze veskeré tvary ziskané pomoci programu

FormFinder jsou vhodné a dobfe pouZitelné pro membranové konstrukce.
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3.3 Hledanitvaru programem RFEM

Program RFEM od firmy Dlubal je efektivnim softwarem pro analyzu
konstrukci a to pfedevsim se zohlednénim nelineérnich G¢inkd. UmozZnuje vétSinu
moznych zpusobl zatizeni a proto je pro inZenyrskou praxi nepostradatelnym
pomocnikem. Ackoliv neni pfimo uréen k hledani vhodného tvaru membranovych
konstrukci, vyuZiji jeho moznosti nelinearniho vypoctu k hledani vhodnych tvart

membranovych konstrukci.

Metoda Updated Reference Strategy pouZzita v programu RhinoMembrane
totiz také vychazi pfimo z teorie nelinearni mechaniky. Program RFEM vyuziva
teorie Updated Lagrangian, ktera je formulovana na bézné konfiguraci (tj.

v prostorovych soufadnicich) a pfi vypo&tu Newton-Raphsonovu iteracni metodu.

Abych doséhl poZadovaného vysledku, provedu nékolik analyz rdznymi

zpusoby, které program RFEM umoZznuje.

3.3.1 Vynuceny posun podpor

Prvni moznosti, jak vytvofit plochu membrany, je vynucena deformace
podpor. Nejdfive se vymodeluje pocate¢ni tvar membrany jako 2D plocha. Tato
plocha se nasledné zatiZzi vynucenym pfemisténi podpor do jejich vyslednych
prostorovych souradnic.

3.3.1.1 Rotaéni plocha

Jako pocéateCni tvar této konstrukce bylo pouzito mezikruzi s vnéjSim
polomérem 5 m a vnitfnim polomérem 0.5 m v roviné XY. VnéjSi a vnitini obvod
byl opatfen liniovou podporou. Vnitfni liniova podpora byla nasledné zatizena

vynucenym posunutim podporovych linii 0 5 m kolmo k roviné XY.
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Obr. 49 Tvar ziskany vynucenym posunutim vnitfni podpory

Obr. 50 Rez plochou a porovnani s fezy z kapitoly 4.1.1

Pro nazornost budu vSechny tvary porovnavat s tvary ziskanymi pomoci

relaxace rotacni NURBS plochy.

Pfi nasledné analyze se dany tvar choval podobné jako tvary ziskané
pomoci Rhino skripta. PFi zatizeni stalym zatiZzenim nevznikla vétsi deformace nez
ta, ktera byla dana vynucenym posunutim vnitfni podpory. V kombinaci se snéhem
se deformace téz pohybovaly v rozmezi do 10 mm, avSak v dolni ¢asti membrany

zacalo vznikat opét bouleni od pfi¢ného tlaku.

Co ale na rozdil od ostatnich tvard nevznikalo, byly tlaky v horni Casti
membrany. PFi zatiZzeni stalym zatiZenim dokonce nevznikaly Zadné tlaky a cela

membrana byla tudiZz pouze tazena.

Hlavni napéti nl vzrostlo ze 110.48 KkN/m pfi stalém zatizeni na
112.01 KN/m pfi kombinaci se snéhem. Hlavni napéti n2 kleslo ze 7.60 kN/m pfi
stalém zatiZzeni na -2.92 kN/m pfi kombinaci se snéhem. RozloZeni deformaci a

napéti na ploSe posuzovaného tvaru je patrné z nasledujicich obrazka.
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Obr. 51 Deformace pfi stalém zatizeni a kombinaci stédlého se snéhem

Obr. 52 Hlavni napéti n1 pfi stalém zatiZzeni a kombinaci stalého se snéhem
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Obr. 53 Hlavni napéti n2 pfi stalém zatizeni a kombinaci stalého se snéhem

3.3.1.2 Ctvercovy padorys

Jako pocéatecni tvar této konstrukce byla zvolena ¢&tvercova plocha v roviné
XY o rozmérech 10 x 10 m s kruhovym otvorem ve stfedu o poloméru 0.5 m. Po
vnéjsSim obvodé byl umistén prut s prifezem a charakteristikami lana PG 20 od
firmy Pfeifer. Rohy byly osazeny bodovymi podporami a vnitfini obvod liniovou
podporou. Vnitini liniovou podporu jsem nasledné zatizil vynucenym posunutim

podporovych linii 0 5 m kolmo k roviné XY.

Obr. 54 Deformace ¢tvercového tvaru pfi vynuceném posunu podpor

Jak je ziejmé z obr. 54, tak v diagonalach dochazi k vrasnéni povrchu.
Proto neni tento zplsob vhodny a nebudu jej proto ani analyzovat.
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3.3.2 Predpéti v ploSe pomoci smrsténi
Druhou moznosti nalezeni vhodného tvaru je zatizeni pocate¢niho tvaru
pomérnym pretvofenim.

3.3.2.1 Rotaéni plocha

3.3.2.1.1 Konstantni pomérné pretvorfeni na celé plose
Pro porovnani aplikuji na plochu zatizeni pomérnym pfetvofenim a to o 5,

10, 15 a 20%. Toto pretvoreni pusobi v obou smérech stejné.

Tvar 1: ¢ =0.05
Tvar 2: ¢=0.1
Tvar 3: £ =0.15

Obr. 55 Rezy tvartl pro jednotliva pomé&rna pretvoreni

Jak je patrné z obr. 55, tak pfi 20% pretvoreni vznika tvar s nezadoucim

zUzenim u vrcholu a proto jiz tento tvar nebudu analyzovat.
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3.3.2.1.1.1 Tvarl

Na prvnim tvaru vznikly deformace pfi stalém zatizeni velikosti max.
10 mm, coz odpovida deformaci vnitfni liniové podpory. Pfi zatizeni snéhem
nepfesahla maximalni deformace hodnotu 10 mm. Hlavni napéti nl1 vzrostlo ze
hodnoty hlavniho napéti n2 klesly z 2.19 kN/m pro stale zatizeni na 0.69 kN/m pro
kombinaci se snéhem. Vtomto tvaru tedy nevznikly zadné tlaky ani v jedné
kombinaci a membrana je pouze tazena. RozloZeni deformaci a napéti na ploSe

posuzovaného tvaru je patrné z nasledujicich obrazkda.

Obr. 56 Deformace pfi stalém zatizeni a kombinaci stalého se snéhem
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Obr. 57 Hlavni napéti nl pfi stalém zatizeni a kombinaci stalého se snéhem

Obr. 58 Hlavni napéti n2 pfi stalém zatiZzeni a kombinaci stalého se snéhem
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3.3.2.1.1.2 Tvar 2

Na druhém tvaru opét deformace nepfekroCily hodnotu danou vynucenym
posunem podpor. Hlavni napéti nl1 vzrostlo ze 99.96 kN/m pro stalé zatiZzeni na
4.61 kN/m pro stale zatizeni na 4.35 kN/m pro kombinaci se snéhem. Membrana
je pro tento tvar opét pouze tazena. RozloZeni deformaci a napéti na ploSe

posuzovaného tvaru je patrné z nasledujicich obrazka.

Obr. 59 Deformace pfi stalém zatizeni a kombinaci stalého se snéhem
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Obr. 60 Hlavni napéti nl pfi stalém zatizeni a kombinaci stalého se snéhem

Obr. 61 Hlavni napétl' n2 pfi stalém zatiZzeni a kombinaci stalého se snéhem
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3.3.2.1.1.3 Tvar 3

Ani na tfetim tvaru deformace nepfesahly hodnotu 10 mm. Hlavni napéti nl1
vzrostlo ze 87.11 kN/m pro stalé zatizeni na 103.98 kN/m v kombinaci se snéhem.
6.73 kN/m pro kombinaci se snéhem. Membrana je opét cela tazena. Rozlozeni
deformaci a napéti na ploSe posuzovaného tvaru je patrné z nasledujicich

obréazka.

Obr. 62 Deformace pfi stalém zatiZzeni a kombinaci stalého se snéhem
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Obr. 63 Hlavni napéti nl pfi stalém zatiZzeni a kombinaci stalého se snéhem

Obr. 64 Hlavni napétl' n2 pfi stalém zatiZzeni a kombinaci stalého se snéhem
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3.3.2.1.2 Pomérné pfetvoreni s linearni zménou ve sméru osy z

Vzhledem k tomu, Ze spodni ¢ast rotacni plochy vykazuje vétsi deformacni
kapacitu, zvolil jsem zatizeni pomérnym pfetvofenim s linearni zménou ve sméru
osy z, které RFEM také podporuje. Volil jsem narlst na dvojnasobek pomérného
pfetvofeni u vrcholu a to pfetvofeni o 5-10%, 10-20% a 15-30%. Vzhledem
k nevhodnosti tvaru s nejvétSim pomérnym pFetvofenim jsem jej nahradil

pretvofenim o 10-30%.

Tvar 1: ¢ = 0.05-0.1
Tvar 2: £ =0.1-0.2

Tvar 3: £ = 0.15-0.3

Obr. 65 Rezy tvart pro jednotlivd pomé&rna pretvoreni
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3.3.2.1.2.1 Tvar1l

Na prvnim tvaru vznikly deformace pfi stalém zatizeni velikosti max.
10 mm, coz odpovida deformaci vnitfni liniové podpory. Pfi zatizeni snéhem
zustala maximalni deformace na 10 mm. Hlavni napéti n1 vzrostlo ze 101.52 kN/m
hlavniho napéti n2 klesly z 3.13 kN/m pro stdle zatizeni na 2.41 kN/m pro
kombinaci se snéhem. RozloZeni deformaci a napéti na ploSe posuzovaného

tvaru je patrné z nasledujicich obrazku.

Obr. 66 Deformace pfi stalém zatizeni a kombinaci stalého se snéhem
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Obr. 67 Hlavni napéti n1 pfi stalém zatizeni a kombinaci stalého se snéhem

Obr. 68 Hlavni napéti n2 pfi stalém zatiZzeni a kombinaci stalého se snéhem
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3.3.2.1.2.2 Tvar 2

Na druhém tvaru vznikly opét deformace o velikosti max. 10 mm jak pfi
stalém zatizeni, tak i pfi kombinaci se snéhem. Hlavni napéti nl vzrostlo ze
hodnoty hlavniho napéti n2 klesly z 5.34 kN/m pro stale zatizeni na 5.01 kN/m pro
kombinaci se snéhem. RozloZeni deformaci a napéti na ploSe posuzovaného

tvaru je patrné z nasledujicich obrazku.

Obr. 69 Deformace pfi stalém zatizeni a kombinaci stalého se snéhem
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Obr. 70 Hlavni napéti n1 pfi stalém zatiZzeni a kombinaci stalého se snéhem

Obr. 71 Hlavni napéti n2 pfi stalém zatizeni a kombinaci stalého se snéhem
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3.3.2.1.2.3 Tvar 3

Na druhém tvaru vznikly opét deformace o velikosti max. 10 mm jak pfi
stalém zatizeni, tak i pfi kombinaci se snéhem. Hlavni napéti nl vzrostlo ze
hodnoty hlavniho napéti n2 vzrostly z 5.24 kN/m pro stale zatizeni na 6.64 kN/m
pro kombinaci se snéhem. RozloZeni deformaci a napéti na ploSe posuzovaného

tvaru je patrné z nasledujicich obrazku.

Obr. 72 Deformace pfi stalém zatizeni a kombinaci stédlého se snéhem
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Obr. 74 Hlavni napéti n2 pfi stalém zatiZzeni a kombinaci stalého se snéhem
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3.3.2.2 Ctvercovy padorys
3.3.2.2.1 Konstantni pomérné pretvofeni na celé ploSe

3.3.2211 Tvarl

Na prvnim tvaru vznikly deformace o velikosti max. 12.0 mm pfi stalém
zatizeni a pfi kombinaci se snéhem o velikosti 150.3 mm. Hlavni napéti nl
vzrostlo ze 125.70 KN/m pro stalé zatizeni na 159.86 kN/m v kombinaci se
snéhem. V tomto pfipadé bohuZzel opét nabyva hlavni napéti n1 zapornych hodnot
a to -0.69 kN/m pro stélé zatizeni a -9.44 kN/m pro kombinaci se snéhem. NejnizSi
hodnoty hlavniho napéti n2 klesly z -3.16 kN/m pro stéle zatiZzeni na -28.27 kN/m

pro kombinaci se snéhem. RozloZeni deformaci a napéti na ploSe posuzovaného

tvaru je patrné z nasledujicich obrazku.

Obr. 75 Deformace pfi stalém zatizeni a kombinaci stédlého se snéhem
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Obr. 76 Hlavni napéti n1 pfi staléem zatizeni a kombinaci stalého se snéhem
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Obr. 77 Hlavni napéti n2 pfi stalém zatiZzeni a kombinaci stalého se snéhem
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3.3.2.2.1.2 Tvar 2

Na druhém tvaru vznikly deformace o velikosti max. 18.8 mm pfi stalém
zatizeni a pfi kombinaci se snéhem o velikosti 83.7 mm. Hlavni napéti n1 kleslo ze
97.88 KN/m pro stalé zatizeni na 89.95 kN/m v kombinaci se snéhem. V pfipadé
kombinace se snéhem nabyvaji hodnoty hlavniho napéti n1 zapornych hodnot a to
zatizeni na -11.08 kN/m pro kombinaci se snéhem. Rozlozeni deformaci a napéti

na ploSe posuzovaného tvaru je patrné z nasledujicich obrazkau.

Obr. 78 Deformace pfi stalém zatiZzeni a kombinaci stdlého se snéhem
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Obr. 80 Hlavni napéti n2 pfi stdlém zatiZzeni a kombinaci stalého se snéhem
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3.3.2.2.1.3 Tvar 3

Na tfetim tvaru vznikly deformace o velikosti max. 35.4 mm pfi stalém
zatizeni a pfi kombinaci se snéhem o velikosti 67.0 mm. Hlavni napéti n1 vzrostlo
ze 36.01 kN/m pro stalé zatizeni na 82.20 kN/m v kombinaci se snéhem. V tomto
pfipadé bohuzel opét nabyva hlavni napéti n1 zapornych hodnot a to -0.08 kN/m
pro stélé zatizeni a -0.19 KN/m pro kombinaci se snéhem. Nejniz8i hodnoty
hlavniho napéti n2 klesly z -4.72 kN/m pro stale zatizeni na -34.65 kN/m pro
kombinaci se snéhem. RozloZeni deformaci a napéti na ploSe posuzovaného

tvaru je patrné z nasledujicich obrazku.

Obr. 81 Deformace pfi stalém zatizeni a kombinaci stdlého se snéhem
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Obr. 82 Hlavni napéti n1 pfi stalém zatizeni a kombinaci stalého se snéhem

Obr. 83 Hlavni napéti n2 pfi stalém zatizeni a kombinaci stalého se snéhem
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3.3.2.2.2 Pomérné pfetvoreni s linearni zménou ve sméru osy z

3.3.2.2.2.1 Tvar 1l

Na prvnim tvaru vznikly deformace o velikosti max. 16.6 mm pfi stalém
zatizeni a pfi kombinaci se snéhem o velikosti 73.3 mm. Hlavni napéti n1 vzrostlo
ze 69.10 kN/m pro stalé zatizeni na 91.39 kN/m v kombinaci se snéhem. V tomto
pfipadé bohuZel opét nabyva hlavni napéti n1 zapornych hodnot a to -0.10 kN/m
pro stalé zatizeni a -1.63 kN/m pro kombinaci se snéhem. NejnizSi hodnoty
hlavniho napéti n2 klesly z -3.35 kN/m pro stale zatizeni na -5.52 kN/m pro
kombinaci se snéhem. RozloZeni deformaci a napéti na ploSe posuzovaného

tvaru je patrné z nasledujicich obrazka.

Obr. 84 Deformace pfi stalém zatizeni a kombinaci stalého se snéhem
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Obr. 85 Hlavni napéti n1 pfi stalém zatizeni a kombinaci stalého se snéhem

Obr. 86 Hlavni napéti n2 pfi stalém zatiZzeni a kombinaci stalého se snéhem
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3.3.2.2.2.2 Tvar 2

Na druhém tvaru vznikly deformace o velikosti max. 21.2 mm pfi stalém
zatizeni a pfi kombinaci se snéhem o velikosti 51.3 mm. Hlavni napéti n1 vzrostlo
ze 38.02 KN/m pro stalé zatizeni na 76.41 kN/m v kombinaci se snéhem. Hlavni
napéti n1 pro kombinaci se snéhem dosahuje z4pornych hodnot a to -3.25 kN/m.
Nejniz8i hodnoty hlavniho napéti n2 klesly z -7.47 kN/m pro stalé zatizeni na
-9.04 KN/m pro kombinaci se snéhem. RozloZeni deformaci a napéti na ploSe

posuzovaného tvaru je patrné z nasledujicich obrazku.

Obr. 87 Deformace pfi stalém zatiZzeni a kombinaci stdlého se snéhem
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Obr. 89 Hlavni napéti n2 pfi stdlém zatiZzeni a kombinaci stalého se snéhem
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3.3.2.2.2.3 Tvar 3

Na tfetim tvaru vznikly deformace o velikosti max. 12.3 mm pfi stalém
zatizeni a pfi kombinaci se snéhem o velikosti 49.2 mm. Hlavni napéti n1 vzrostlo
ze 32.39 kN/m pro stalé zatizeni na 72.55 kN/m v kombinaci se snéhem. Nejnizsi
hodnoty hlavniho napéti n2 klesly z -0.77 kN/m pro stalé zatizeni na
-3.72 KN/m pro kombinaci se snéhem. RozloZeni deformaci a napéti na ploSe

posuzovaného tvaru je patrné z nasledujicich obrazka.

Obr. 90 Deformace pfi stalém zatizeni a kombinaci stédlého se snéhem
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Obr. 91 Hlavni napéti n1 pfi stdlém zatizeni a kombinaci stalého se snéhem
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Obr. 92 Hlavni napéti n2 pfi stalém zatizeni a kombinaci stalého se snéhem
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3.3.3 Shrnuti

Jak je zjevné z obr. 90-92, nejvhodné&jSim navrhem je tvar 3. Tento tvar mél
dokonce mensSi deformace, nez tvar vytvofeny programem FormFinder. Hlavni
napéti sice dosahovalo vysSich hodnot, stale vSak by bylo mozné pouzit stejnou
textilii jako pro vySe zminény tvar (Valmex FR 900). Hlavni napéti n2 takeé

nabyvalo mensich hodnot.

V prubéhu mé prace pfi hledani tvaru v programu RFEM jsem vysledoval

nésledujici moznosti vylepSeni programu RFEM:

- Chybi pfevod geometrie membrany do vykresu konstrukce (pro dalSi moznost

zpracovani, napf. CAD programy).

- Pruty jsou soudrzné s prilehlymi plochami. Proto do nich pfi predpéti vnasi
nezadouci tlakové namahani. Vhodné by bylo vytvofit kontaktni prvky 1D, které
by se daly vlozit mezi prut a plochu, aby byl umoznén posun prutu podél plochy,

aniz by to ovlivnilo jeji napjatost.

- PFi tvorbé Nurbs ploch se vybiraji okrajové NURBS kfivky a automaticky se
nasledné vytvori sit fidicich bodd — neni mozné jednodusSe vybrat body a pfiradit.
Je tfeba kazdy zvlast ruéné presunout na pozadované misto. Druhou véci je
odlisSna geometrie NURBS plochy a puavodni sité, ktera vyplyva z definice
NURBS plochy (fidici body nelezi na ploSe). Moznost automatické adjustace

plochy tak, aby prochazela danymi body by usnadnila praci pfi modelovani.

- U ploch s velkym rozdilem délek protilehlych linii nevznik4 strukturovana sit.
Resenim by byla moZnost linearniho zmensovani velikosti KP smérem ke kratsi
linii.

- Pro jesté lepSi moznosti pfi hledani vhodnych tvard membranovych konstrukci by
byla moZnost nastaveni pomérného prFetvoreni s rdznou hodnotou ve dvou
smérech, pfipadné moznost nastaveni pozadovaného napéti (opét s rdznou

hodnotou ve dvou smérech).

- Pro zkvalitnéni grafickych vystupt bych navrhoval moZnost nastaveni kvality a
pfimy export obrazk( do zakladnich grafickych formatd (moznost volit rozliSeni

— ne jen maximalni) a moznost vypnout zobrazeni sité KP.
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4. ZAVER

Ve své praci jsem mél za ukol provést studii vhodnych tvard membranovych
konstrukci na zakladé dneSnich metodik navrhu konstrukci za pouZziti dostupnych
programu FormFinder a Rhinoceros. Pfi navrhu jednotlivych tvartd jsem se snaZil
maximéalné vyuzit moznosti jednotlivych programud k nalezeni co nejvhodnéjSiho
tvaru. Tvary vytvofené pomoci téchto programi jsem nasledné analyzoval

v programu RFEM.

Vzhledem k vysledkim provedenych analyz si odvazuji tvrdit, Ze tyto
programy jsou schopné poskytnout vhodnou geometrii pro navrh membranovych
konstrukci. Obzvlasté pak program FormFinder, jehoz tvary dosahovaly pfi

analyze vynikajicich vysledka.

UziteCnym se mi také jevi k navrhu tvaru membranovych konstrukci
program RFEM, ktery sice neni primarné pro tyto ucely uréen, avSak vysledky jsou
srovnatelné s vystupy programu FormFinder. Pokud by byl k programu RFEM
vytvofen dalSi modul, uréeny pfimo k hledani vhodného tvaru, at uz pomoci
metody dynamické relaxace, nebo metody Updated Reference Strategy, stal by se

univerzalnim nastrojem pro navrh téchto specifickych konstrukci.

DalSi ¢asti procesu navrhu membranovych konstrukci je také prevedeni 3D
tvaru membrany do dilcu, které jsou nasledné navzajem spojeny. Tato ¢ast navrhu
je nazyvana Patterning a je nedilnou soucasti navrhu membranovych konstrukci.
Proto bych ji doporu€oval zahrnout do vyvoje pfisluSného modulu pro navrh tvard
membranovych konstrukci. Tato problematika vSak nebyla sou¢asti mé diplomoveé

prace.
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Priloha é. 1 — MeshRelaxation.rvb
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"Version december 3rd 2004

"Routines developed and copyrighted by Gelfling "04 aka. David Rutten

"Parts of these routines were developed while I was a intern at Prat-SA, Toulouse, France
"Surface relaxation using FDM (force density method) and VR(vibration reduction)

"(This method was written specifically for Rhinoceros 3.x and it"s scripting engine.
"However only the interface section of the source code *requires* RhinoScript methods...)

"Internal mesh definitions differ from those required by the Rhinoceros 3.x Scripting
engine.

"Instead of faces these routines use edges. Translation from one definition to the other
*will have to be performed prior to and after relaxation. Since only the coordinates

"of mesh vertices (or nodes) will be altered, this should be fairly straightforward.

"Furthermore in these routines vector objects play an important role. Vectors are arrays
of 2 3D point definitions:

Dim vecExampIe(l)
" vecExample(0) = Array(0,0,0) "Starting point of vector
" vecExample(1) = Array(1,0,1) "Ending point of vector
"Vector variables may be bigger than these dimensions but not smaller. They always need at
"least an x, y and z component.

Option Explicit

"This function performs a number of relaxation steps on the nodes of a mesh-definition.
"arrNodes is an array of 3D-points identifying the node coordinates in euclidian space
"arrConnections is an array of arrays containing information about connections between
nodes
" Every index in the array is another array containing 2 numeric values:

" 0 = the index of the node where the connection links to
- 1 = the tension of the connection.
- Note that arrNodes and arrConnections must have the same size (every index

descrlbes a single node)
Also note that iIf connections link to non-existent nodes an overflow error will
occur.
Then note that every node needs at least one connection, although logically 2 is
the absolute minimum.
Nodes can be connected to themselves, but this makes no sense so try to avoid it.
arrConstralns is an array that describes the constrains a node can have in space.
Every entry describes a single node. It can have the following values:
" Non-UUID string = the point is free to move in space if there is no object that has
an ID which is identical
" to the supplied string. Using zero length strings
to make sure nodes are free.
" UUID-String = the point is locked to an object (can be curve, surface or
polysurface) by ClosestPoint
" (ClosestPoint routines are not included in this routine.
Instead native Rhino 3.x script
methods are called. If you intend to run this script on
alternate platform you"ll have to
translate these calls into native methods. Also if other
platforms use different object
" identifyers (instead of strings), you should make further
alterations).
'Eamping = a real number controlling the damping of the relaxation routine. Numbers higher
than one
will accelerate the relaxation, likely causing instable results. This however can
be combatted by
limiting the maximum distance nodes are allowed to travel. Numbers between zero and
one will deccelerate
the relaxation thus preventing bouncing solutions, but more steps will be required
to reach a stable solution
" within tolerance. Negative numbers should be avoided.
“Limit = a real number controlling the distance every node is allowed to move during each
iteration.
"Summary will be filled with an array of data regarding the details of the entire
relaxatlon process
it will be filled with the following values:
" 0 = The sum-total of distances of all node translations
" 1 = The biggest resultant vector in the set
"The return value of the function is an array identical to arrNodes but with different
coordinates
Private Function RelaxMeshNodes(ByRef arrNodes, ByRef arrConnections, ByRef arrConstraints,
Byval Damping, ByVal Limit, ByRef Summary)
Dim &, j
Dim arrV(), resV
Dim newNodes
Dim ptCP

Dim maxResVec, curResVec
Dim sumNodeTrans

maxResVec = 0.0
sumNodeTrans = 0.0



newNodes = arrNodes
For i = 0 To UBound(newNodes)
IT arrConstraints(i) <> "FIXED" Then

Erase arrV
ReDim arrV(UBound(arrConnections(i)))
For j = 0 To UBound(arrV)
arrV(J) = MultiplyVector(Array(newNodes(i),

newNodes(arrConnections(i)()(0))), _

arrConnections(i)(g) (1))
Nex

resV(1))(0)

arrNodes(i))

curResVec

arrNodes(i))

curResVec

arrNodes(i))

Next

resV = ResultantVector(arrV)
resV = MultiplyVector(resV, Damping)
resV = LimitVector(resV, Limit)

IT Rhino.lIsObject(arrConstraints(i)) Then
IT Rhino.lIsCurve(arrConstraints(i)) Then

ptCP = Rhino.EvaluateCurve(arrConstraints(i),
Rhino.CurveClosestPoint(arrConstraints(i), resVvV(l)))

Elself Rhino.IsBREP(arrConstraints(i)) Then

ptCP = Rhino.BrepClosestPoint(arrConstraints(i),

End If

IT IsArray(ptCP) Then
newNodes(i) = ptCP

curResVec = PointPointDistance(newNodes(i),

IT curResVec > maxResVec Then maxResVec =

sumNodeTrans = sumNodeTrans + curResVec

Else
newNodes(i) = resV(1)

curResVec = PointPointDistance(newNodes(i),

IT curResVec > maxResVec Then maxResVec =

sumNodeTrans = sumNodeTrans + curResVec

End If
Else
newNodes(i) = resV(1)

curResVec = PointPointDistance(newNodes(i),

IT curResVec > maxResVec Then maxResVec
sumNodeTrans = sumNodeTrans + curResVec
End IFf

End If

Summary = Array(sumNodeTrans, maxResVec)

RelaxMeshNodes

End Function

= newNodes

Private Function PointPointDistance(ByRef arrPointl, ByRef arrPoint2)
PointPointDistance = (arrPointl(0)-arrPoint2(0)) * (arrPointl(0)-arrPoint2(0)) + _

(arrPointl(l)-arrPoint2(1)) *

(arrPointl(l)-arrPoint2(1)) + _

(arrPointl(2)-arrPoint2(2)) *

(arrPointl(2)-arrPoint2(2))
PointPointDistance = Sqr(PointPointDistance)

End Function

"This function calculates the resultant vector of an array of vectors.
"The starting point of the first vector in the array will be used as grip

"for the resultant vector,

Private Function ResultantVector(ByRef arrVectors)

Dim 1

Dim divX, divY, divZ

Dim resX, resY, resZ

Dim ptT(2), ptH(2)

resX = 0.0

resY = 0.0

resZz = 0.0

For i = 0 To UBound(arrVectors)
divX = arrVectors(i)(1)(0) - arrVectors(i)(0)(0)
divY = arrVectors(i)(1)(1) - arrVectors(i)(0)(1)
divZ = arrVectors(i)(1)(2) - arrVectors(i)(0)(2)
resX = resX + divX
resY = resY + divY
resZ = resZ + divZ

Next

ptT(0) = arrVectors(0)(0)(0)

ptT(1) = arrVectors(0)(0)(1)

curResVec

if an invalid vector array is passed an error will occur



ptT(2) = arrVectors(0)(0)(2)
ptH(0) = ptT(0) + resX
ptH(1) = ptT(1) + resY
ptH(2) = ptT(2) + resZ

ResultantVector = Array(ptT, ptH)
End Function

"This function will limit a vectorlength to a certain value
"vectors smaller than the specified length will remain untouched.
"Note that it is unhealthy to use negative numbers or zero for dblIMaxLength
Private Function LimitVector(ByVal vecln, ByVal dblLimitation)
Dim vecOut(1)
Dim 1

vecOut(0) = vecln(0)
vecOut(l) = vecln(l)
1 = PointPointDistance(vecln(0), vecln(1))

If 1 > dblLimitation Then
vecOut(1)(0) = vecOut(0)(0) + ((vecOut(l)(0)-vecOut(0)(0)) 7 1) *

dblLimitation
vecOut(1)(1) = vecOut(0)(1) + ((vecOut(l)(1)-vecOut(0)(1)) 7 I) *
dblLimitation
vecOut(1)(2) = vecOut(0)(2) + ((vecOut(l)(2)-vecOout(0)(2)) 7 1) *
dblLimitation
End If

LimitVector = vecOut
End Function

"This function will multiply a vectorlength by a specified factor.
Private Function MultiplyVector(ByVval vecln, ByVal dblFactor)

Dim vecOut(1)

vecOut(0) = vecln(0)

vecOut(l) = vecln(l)

vecOut(1)(0) = vecOut(0)(0) + (vecOut(l)(0) - vecOut(0)(0)) * dblFactor
vecOut(1) (1) = vecOut(0)(1l) + (vecOut(l)(1l) - vecOut(0)(1)) * dblFactor
vecOut(1)(2) = vecOut(0)(2) + (vecOut(l)(2) - vecOut(0)(2)) * dblFactor

MultiplyVector = vecOut
End Function

"This function translates a Rhino Mesh Surface definition into an FDM Mesh definition
"ITf the function succeeds True will be returned, if the function fails Null will be
returned.
Private Function MESH2FDM(ByVal idMesh)

MESH2FDM = Null

Dim i, j, N, P1, P2

Dim arrCString(), arrc(), arrLQ

Dim SomeEdges, AllEdges()

Dim vReturn, vSplit, iSplit, arrTemp()

"These are properties of Rhino meshes, no need to calculate them ourselves
arrNodes = Rhino.MeshVertices(idMesh)
arrFaces = Rhino.MeshFaceVertices(idMesh)

"Load data from object (Only if the mesh was relaxed before)
IT IsMeshCompliant(idMesh) Then
"1T msgBox("'There exists relaxation data from a previous run. Do you want
to load this data?", vbYesNo Or vbQuestion, "Existing data') = vbYes Then
ReDim arrC(UBound(arrNodes))
ReDim arrL(UBound(arrNodes))
Rhino.Prompt '""Creating dummy arrays..."
For i = 0 To UBound(arrNodes)
arrC(i) = Array(0, 10)
arrL(i) = "FREE"



Next

arrConnections = arrC
arrConstraints = arrL
Rhino.Prompt *"Loading settings from mesh-object..."
For 1 = 0 To UBound(arrNodes)
LoadNode idMesh, i
Next
MESH2FDM = True
Exit Function
"End 1If
End If

"Resize the Link and Connection arrays to match the Vertex array
ReDim arrL(UBound(arrNodes))
ReDim arrCString(UBound(arrNodes))

"Load vertex link properties from the object USERDATA. If no data could be found
the node defaults to FREE
For i = 0 To UBound(arrL)
VReturn = Rhino.GetObjectData(idMesh, "Gelfling_Relaxation"™, "VertexLink" &

Cstr(i))
IT IsNull(vReturn) Then
arrL(i) = "FREE"
Else
arrL(i) = vReturn
End If
Next

Rhino.Prompt "Creating all meshvertex connections..."
N=0
For i = 0 To UBound(arrFaces)
"Add edge 1 of face i
ReDim Preserve AllEdges(N): AllEdges(N) =
Cstr(Min(arrFaces(i)(0),arrFaces(i)(1))) & ;" & Cstr(Max(arrFaces(i)(0), arrFaces(i)(1))):
N = N+1

"Add edge 2 of face i

ReDim Preserve AllEdges(N): AllEdges(N) =
Cstr(Min(arrFaces(i)(1),arrFaces(i)(2))) & ;" & Cstr(Max(arrFaces(i)(1), arrFaces(i)(2))):
N = N+1

"If the face is a quad then add edge 3 of face i
IT arrFaces(i)(2) <> arrFaces(i)(3) Then
ReDim Preserve AllEdges(N): AllEdges(N) =
Cstr(Min(arrFaces(i)(2),arrFaces(i)(3))) & ";" & Cstr(Max(arrFaces(i)(2), arrFaces(i)(3))):

N = N+1

End If

"Add the closing edge of face i

ReDim Preserve AllEdges(N): AllEdges(N) = Cstr(Min(arrFaces(i)(0),arrFaces(i)(3)))
& ";" & Cstr(Max(arrFaces(i)(0), arrFaces(i)(3))): N = N+1

Next

Rhino.Prompt ""Removing duplicate connections..."

"Since all out edges have the lowest index first we can use a native function to
remove all duplicates.

SomeEdges = Rhino.CullDuplicateStrings(AllEdges)

Rhino.Prompt "Creating connection lists..."
For i = 0 To UBound(SomeEdges)
"Try to find the tension factor of the connection, if the data is not
available the connection defaults to 10.0
VReturn = Rhino.GetObjectData(idMesh, "Gelfling_Relaxation",
""ConnectionStrength(*" & SomeEdges(i) & ")'™)
IT IsNull(vReturn) Then vReturn = 10.0
"Split the string into the individual parent indices
vSplit = Split(SomeEdges(i), ;')
P1 = vSplit(0)
P2 = vSplit(l)
"Add the connection to both parents (bidirectional, this saves time later)
arrCString(P1) = arrCString(Pl) & P2 & ";" & vReturn & Space(2)
arrCString(P2) = arrCString(P2) & P1 & ";" & vReturn & Space(2)
Next

Rhino.Prompt "Parsing connection lists..."
"Resize the connection array to match the size of the stringconnection array
ReDim arrC(UBound(arrCString))
For 1 = 0 To UBound(arrCString)
"Remove the last two spaces (actually in case of an isolated node the
script will crash, make sure we only feed it proper meshes)
arrCsString(i) = Trim(arrCString(i))
"Break all the connections apart
vSplit = Split(arrCString(i), Space(2))

ReDim Preserve arrTemp(UBound(vSplit))
For j = 0 To UBound(vSplit)



"Break the individual connections into Parent-index and Tension

iSplit = Split(vSplit(g), ;")
"Add these values to the temporal array
arrTemp(j) = Array(CIng(iSplit(0)), CDbl(iSplit(1)))

value

Next
"Add the temporal array to the connection array @ vertex i
arrC(i) = arrTemp

Next

Rhino.Prompt "Done building FDM-mesh..."
arrConnections = arrC
arrConstraints arrL
MESH2FDM = True
End Function

Private Function Min(Valuel, Value2)

Min = Valuel

I Value2 < Valuel Then Min = Value2
End Function

Private Function Max(Valuel, Value2)

Max = Valuel

IT Value2 > Valuel Then Max = Value2
End Function

'Ehis function removes all objects from the document that have been created by functions in
this script.
"Basically it removes all objects that are named "GelflingRelaxationPreviewObjects"
Private Sub ClearPreview()
Dim allPreviewObjects
allPreviewObjects = Rhino.ObjectsByName(*'GelflingRelaxationPreviewObjects', False)
IT IsNull(allPreviewObjects) Then Exit Sub
Rhino.DeleteObjects allPreviewObjects
End Sub

"This function asks the user to select any amount of nodes from the mesh.
"The return value is NULL if the user did not select any nodes or on error,
"The return value is an array of node indices if successful
Private Function GetMeshNodes(idMesh, strMessage, FilterTypology)
GetMeshNodes = Null
Dim arrNaked
Dim selGrips, i
Dim arrSelected(), S

Rhino.EnableRedraw False
Rhino.EnableObjectGrips idMesh
arrNaked = Rhino.MeshNakedEdgePoints(idMesh)
Select Case UCase(FilterTypology)
Case "EXTERIOR"
For i = 0 To UBound(arrNaked)
IT Not arrNaked(i) Then
Rhino.SelectObjectGrip idMesh, i
End IFf
Next
Rhino.Command *-_HidePt", vbFalse
Case "INTERIOR"
For 1 = 0 To UBound(arrNaked)
IT arrNaked(i) Then
Rhino.SelectObjectGrip idMesh, i

End IF
Next
Rhino.Command *"'-_HidePt", vbFalse
Case Else
“Show all grips
End Select

Rhino.EnableRedraw True

selGrips = Rhino.GetObjectGrips(strMessage, False, True)
Rhino.EnableRedraw False
Rhino.EnableObjectGrips idMesh, False
Rhino.Command *"-_ShowPt", vbFalse
Rhino.EnableRedraw True

IT IsNull(selGrips) Then Exit Function

S=0
For 1 = 0 To Ubound(selGrips)
IT selGrips(i)(0) = i1dMesh Then
ReDim Preserve arrSelected(S)
arrSelected(S) = selGrips(i)(1)
S= S+1
End If
Next
GetMeshNodes = arrSelected



End Function

Private Function IsNodeConnectedTo(Byval Mainlndex, ByVal Searchlndex)

IsNodeConnected = False
Dim i

For 1 = 0 To UBound(arrConnections(Mainlndex))
IT arrConnections(Mainlndex)(i)(0) = Searchlndex Then
IsNodeConnected = True
Exit Function

End IFf
Next
End Function

Private Sub SetNode(Byval idMesh, Byval Nodelndex)

Dim vinfo, i
vinfo = arrConstraints(Nodel

ndex)

For i = 0 To UBound(arrConnections(Nodelndex))

vinfo = vinfo & ":"
arrConnections(Nodelndex) (i) (1)
Next
"Rhino.Print vinfo
Rhino.SetObjectData idMesh,

End Sub

& arrConnections(Nodelndex)(i)(0) & " " &

""ReconstructivismRelaxation", _
"Node:" & Nodelndex, vinfo

Private Function LoadNode(Byval idMesh, Byval Nodelndex)

Dim vinfo, i
Dim aSplit, tSplit
Dim arrTQ

vinfo = Rhino.GetObjectData(idMesh, "ReconstructivismRelaxation", "Node:" &

Node Index)

IT IsNull(vinfo) Then Exit Function

asplit = Split(vinfo, ":")
IT Not IsArray(aSplit) Then

ReDim arrT(UBound(aSplit)-1)
arrConstraints(Nodelndex) =
For i = 1 To UBound(aSplit)

tSplit = Split(asSpli

Exit Function

asplit(0)
(i), " "M

arrT(i-1) = Array(CLng(tSplit(0)), CDbl(tSplit(1)))

Next
arrConnections(Nodelndex) =
LoadNode = True

End Function

Private Function PurgeAlllnfo(Byval

arrT

idMesh)

Rhino.DeleteDocumentData idMesh, "ReconstructivismRelaxation"

End Function

Private Sub StoreCurrentHashCode(Byval idMesh)

Rhino.SetObjectData idMesh,
MeshHashCode (idMesh)
End Sub

""ReconstructivismRelaxation', "HashCode",

Private Function IsMeshCompliant(Byval idMesh)

IsMeshCompliant = False
Dim nHash, sHash
nHash = MeshHashCode(idMesh)

sHash = Rhino.GetObjectData(idMesh, "ReconstructivismRelaxation', "HashCode')
IT IsNull(sHash) Then Exit Function

If sHash <> nHash Then Exit
IsMeshCompliant = True
End Function

Private Function MeshHashCode(Byval
Dim arrN, arrF
arrN = Rhino.MeshVertices(id

Function

idMesh)
Mesh)

arrF = Rhino.MeshFaceVertices(idMesh)

MeshHashCode = "?7?" & UBound
End Function

"This is it. The main sub...

Dim arrNodes "An
Dim arrFaces *An
relaxation)

"Dim arrTexture "An
material bitmap

Dim arrConnections *An
Node (index0 = Other node, indexl =
Dim arrConstraints "An

(arrN) & " " & UBound(arrF) & "??"

array containing all mesh node coordinates )
array containing all face definitions (not used during

array containing all texture coordinates for the
array containing connectivity information for every

connection tension)
array containing per node constraint information

(Either "FREE", "FIXED" or ValidRhinoObjectlID)

Dim idMaterial Al

ong value indicating the tensiontexturematerial



Dim BasePath "A string indicating where the texture is located

Private Sub RelaxMESH_Surface()
"Create base-path settings
BasePath = Rhino.GetSettings (Rhino.InstallFolder & "RelaxData.ini',
""RECONSTRUCTIVISMRELAXATION", "BASEFOLDER')
IT IsNull(BasePath) Then
Dim fso : Set fso = CreateObject(''Scripting.FileSystemObject™)
BasePath = Rhino.BrowseForFolder(Rhino.InstallFolder ,"Select the
folder for this script...", "Relaxation')
End If
Set fso = Nothing
Rhino.SaveSettings Rhino.InstallFolder & "RelaxData.ini',
""RECONSTRUCTIVISMRELAXATION", ""BASEFOLDER', BasePath
"Finish base path setting

Dim strMeshlD, newMeshlD, PreviewMeshlD

Dim DampingFactor, Limitation, PreflightLoops, AccuracyMark, LimitationDecay
Dim Summary, DisplayMode, ActiveView

Dim MeshBBox, Diagonal

Dim RunAsDeveloper, DestinationFolder, FramePrefix, FrameFormat, FrameDim(1)

RunAsDeveloper = False

strMeshID = Rhino.GetObject('Select a mesh for relaxation'™, 32, True, True)
IT IsNull(strMeshID) Then Exit Sub

Rhino.Prompt “Loading geometry... please wait"
Summary = MESH2FDM(strMeshlID)
IT IsNull(Summary) Then
msgBox "Error in building FDM mesh.', vbOkOnly Or vbCritical, "Relaxation
error"
Exit Sub
End IFf

Dim arrOptions, strResult

Dim intObject, i, j, N

Dim idParent, Node
Dim idObjects

Do
IT RunAsDeveloper Then
arrOptions = Array("'Tension_Factors"™, "Geometry_Links", "Summary',
"Relax', ""Relax_advanced"™, "Quit'")
Else
arrOptions = Array("'Tension_Factors"™, "Geometry_Links", "Relax",
"Quit')
End If
strResult = Rhino.GetString("'Relaxation settings"™, "Relax', arrOptions)
IT IsNull(strResult) Then Exit Sub
Select Case Left(UCase(strResult),l)
Case "'M"
IT UCase(strResult) = "MELLON" Then RunAsDeveloper = True
Case ""T"
strResult = Rhino.GetString(‘'Select a filter for spring
selection. .., "ALl", Array("All", "Interior", "Exterior™))
IT Not IsNull(strResult) Then
idObjects = GetMeshNodes(strMeshlD, "Select nodes to
retension...", strResult)
IT IsArray(idObjects) Then
strResult = Rhino.GetReal (*'Specify a new tension
factor”, 10.0, 0.01, 10000.0)
IT Not IsNull(strResult) Then
For Each Node in idObjects
For i = 0 To
UBound(arrConnections(Node))
For j = 0 To
UBound(idObjects)
If 1dObjects(g) =
arrConnections(Node) (i)(0) Then

arrConnections(Node) (i)(1) = strResult
Exit For
End If
Next
Next
Next
End IFf
End If
End If
Case "G"
strResult = Rhino.GetString("'Select a filter for node
selection...", "AIl", Array("All", "Interior", "Exterior'™))
IT Not IsNull(strResult) Then
idObjects = GetMeshNodes(strMeshlD, "Select nodes to



(un)constrain...", strResult)
IT IsArray(idObjects) Then
strResult = Rhino.GetString("Pick a node restraint
type', "Fixed", Array("'Fixed", "Free', "Linked™))
IT Not IsNull(strResult) Then
Select Case Left(UCase(strResult),?2)
Case "FR"
For i = 0 To UBound(idObjects)

arrConstraints(idObjects(i)) = "FREE"
Next
Case "LI"
idParent = Rhino.GetObject('Select
a guide object'", 4+8+16, False, False)
IT Not IsNull(idParent) Then

For i = 0 To
UBound(idObjects)

arrConstraints(idObjects(i)) = idParent
Next

End IF
Case Else
For i = 0 To UBound(idObjects)

arrConstraints(idObjects(i)) = "FIXED"

Next
End Select
End If
End If
End If
Case "S"
N=0
For i = 0 To UBound(arrConnections)
N = N + UBound(arrConnections(i))+1
Next
msgBox “"MESH surface relaxation data for object; " & vbNewLine & _
"[' & strMeshID & "]" & vbNewLine & vbNewLine & _
"Mesh node count; " & UBound(arrNodes)+1 & vbNewLine & _
"Mesh face count; " & UBound(arrFaces)+1 & vbNewLine & _
“Mesh link count; "™ & N & vbNewLine & _
"end of summary...", vbOkOnly, "FDM-mesh summary"
Case "R"

MeshBBox = Rhino.BoundingBox(strMeshlID)
Diagonal = PointPointDistance(MeshBBox(0), MeshBBox(6))

IT Len(strResult) = 14 Then

AccuracyMark = Rhino.GetReal ("'Specify relaxation
tolerance', Rhino.UnitAbsoluteTolerance, Rhino.UnitAbsoluteTolerance/100)

DampingFactor = Rhino.GetReal (*'Specify a global damping
factor™, 1.0, 0.001, 100.0)

Limitation = Rhino.GetReal (*"'Specify an initial translation
limitation”, Round(Diagonal * 0.025,2), AccuracyMark, Diagonal*10)

LimitationDecay = Rhino.GetReal (*"Specify a translation
limitation decay factor per iteration", 0.95, 0.1, 0.99)

PreflightLoops = Rhino.GetInteger(*'Specify the number of
preflight-iterations'™, 20, 1, 1000)

IT IsNull(AccuracyMark) Then AccuracyMark =
Rhino.UnitAbsoluteTolerance

IT IsNull(DampingFactor) Then DampingFactor = 1.0

IT IsNull(Limitation) Then Limitation = Diagonal * 0.025

IT IsNull(LimitationDecay) Then LimitationDecay = 0.95

IT IsNull(PreflightLoops) Then PreflightLoops = 20

Else
DampingFactor = 1.0
Limitation = Diagonal * 0.025
PreflightLoops = 30
AccuracyMark = Rhino.UnitAbsoluteTolerance
LimitationDecay = 0.95
End If
Exit Do
Case "Q"
Exit Sub
Case Else
Rhino.Print "Unknown command entered... nothing done."
End Select
Loop
Rhino.Prompt "Writing node-data to mesh-object... (this will take a while on large

meshes)"
For i = 0 To UBound(arrNodes)
SetNode strMeshiD, 1
Next

StoreCurrentHashCode strMeshlD

ActiveView = Rhino.CurrentView



"DisplayMode = Rhino.ViewDisplayMode(ActiveView, 2)
"AssignTextureCoords

Rhino.UnSelectAllObjects

Rhino.HideObject strMeshlD

PreviewMeshID = Rhino.AddMesh(arrNodes, arrFaces)

"PreviewMeshlD = Rhino.AddMesh(arrNodes, arrFaces,, arrTexture)

"ApplyMaterial PreviewMeshlD

DestinationFolder = Null
IT RunAsDeveloper Then
DestinationFolder = Rhino.BrowseForFolder(,"Select a folder to save the
animation sequence. Press "Cancel”™ to not save animation.', "Animation settings™)
IT Not IsNull(DestinationFolder) Then
FramePrefix = Rhino.StringBox("'Enter a name for the sequence...',
"RelaxationFrame'", "Animation settings')
IT IsNull(FramePrefix) Then
DestinationFolder = Null
Else
FrameFormat = Rhino.ListBox(Array(‘'bmp', ''tga', "'pcx"
“tif'"), "Select a file format”, "Animation settings')
IT IsNull(FrameFormat) Then
DestinationFolder = Null

“jpg”, “png”,

Else

Summary = Rhino.PropertyListBox(Array(*'Animation
width", "Animation height'), _

Array(*'1500", "1000'), "Enter frame dimensions', "Animation settings')

IT IsNull(Summary) Then
DestinationFolder = Null

Else
FrameDim(0) = Summary(0)
FrameDim(1) = Summary(l)

End If

End IFf
End If

IT Not IsNull(DestinationFolder) Then
Rhino.Command '"'-_TestViewCaptureToFile " & Chr(34) &
DestinationFolder & FramePrefix & "00000." & FrameFormat & Chr(34) & _
" _Width=" & FrameDim(0) & "
_Height=" & FrameDim(1) &" _DrawCplane=No _DrawWorldAxes=No _Enter", vbFalse
If

End
End IFf
End If

"Analyse current FDM mesh properties

Rhino.Prompt "Performing test relaxation run... please wait"

RelaxMeshNodes arrNodes, arrConnections, arrConstraints, DampingFactor, Limitation,
Summary

Rhino.Print "Initial cumulative node translation: " & Round(Summary(0)) &
Rhino.UnitSystemName(False, True, True) & _

" Initial largest node vector: " & Round(Summary(1), 2) &
N

"Perform preflight relaxation
For i = 1 To PreflightLoops
Rhino.Prompt *"Performing preflight relaxation. Step " & 1 & "™ of " &
PreflightLoops & "..."
arrNodes = RelaxMeshNodes(arrNodes, arrConnections, arrConstraints,
DampingFactor, Limitation, Summary)

Rhino.EnableRedraw vbFalse
Rhino.DeleteObject PreviewMeshlD
PreviewMeshID = Rhino.AddMesh(arrNodes, arrFaces)
"PreviewMeshlD = Rhino.AddMesh(arrNodes, arrFaces,, arrTexture)
"ApplyMaterial PreviewMeshlD

Rhino.EnableRedraw vbTrue

IT Not IsNull(DestinationFolder) Then
Rhino.Command '"'-_TestViewCaptureToFile " & Chr(34) &
DestinationFolder & FramePrefix & Right('00000" & i, 5) & "." & FrameFormat & Chr(34) & _
" _Width=" & FrameDim(0) & "
_Height=" & FrameDim(1) & ' _DrawCplane=No _DrawWorldAxes=No _Enter", vbFalse
End If

Next

"Perform damped relaxation
Do

arrNodes = RelaxMeshNodes(arrNodes, arrConnections, arrConstraints,
DampingFactor, Limitation, Summary)
Rhino.Prompt *"lteration "™ & 1 & _
" Damping: " & Round(DampingFactor*100, 2) & "%"
&

Limitation: " & Round(Limitation, 2) &
Rhino.UnitSystemName(False, True, True)



Limitation = Limitation * LimitationDecay
Rhino.EnableRedraw vbFalse
Rhino.DeleteObject PreviewMeshlD
PreviewMeshID = Rhino.AddMesh(arrNodes, arrFaces)
"PreviewMeshlD = Rhino.AddMesh(arrNodes, arrFaces,, arrTexture)
"ApplyMaterial PreviewMeshlD
Rhino.EnableRedraw vbTrue

IT Not IsNull(DestinationFolder) Then
Rhino.Command "'-_TestViewCaptureToFile " & Chr(34) &
DestinationFolder & FramePrefix & Right('00000" & i, 5) & "." & FrameFormat & Chr(34) & _
" _Width=" & FrameDim(0) & "
_Height=" & FrameDim(1) &" _DrawCplane=No _DrawWorldAxes=No _Enter", vbFalse
End

IT Limitation < AccuracyMark Then Exit Do
i =i+l
Loop

"Rhino.ViewDisplayMode ActiveView, DisplayMode
Rhino.EnableRedraw False
newMeshlD = Rhino.AddMesh(arrNodes, arrFaces)

Rhino.Prompt "Writing node-data to mesh-object... please wait"
For 1 = 0 To UBound(arrNodes)
SetNode newMeshlD, 1
Next
StoreCurrentHashCode newMeshiD
Rhino.ShowObject strMeshlD
Rhino.DeleteObject PreviewMeshlD
Rhino.DeleteObject strMeshlD
Rhino.SelectObject newMeshID
Rhino.EnableRedraw True
End Sub
RelaxMESH_Surface

"Feedback
functions————————— -
Private Function ApplyMaterial(ByVval idMesh)
idMaterial = Rhino.AddMaterialToObject(idMesh)
Rhino.MaterialTexture idMaterial, BasePath & "TensionGradient.bmp*
ApplyMaterial = True
End Function

" Private Function AssignTextureCoords()
" Dim i, T

" Dim arrTQ

- ReDim arrT(UBound(arrNodes))

- For i = 0 To UBound(arrNodes)

" T = GetNodeMaxTension(i)
- IFTT<0Then T=0

" If T > 1000 Then T = 1000
" T = T/1000

" arrT(i) = Array(T, 0.5)
" Next

" arrTexture = arrT

- AssignTextureCoords = True

" End Function

Private Function GetNodeMaxTension(Byval nlndex)

Dim i, maxT

maxT = 0

For 1 = 0 To UBound(arrConnections(nindex))

IT arrConnections(nindex)(i1)(1) > maxT Then maxT =

arrConnections(nindex) (i) (1)
" Next
" GetNodeMaxTension = maxT
" End Function
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"Version december 3rd 2004

"Routines developed and copyrighted by Gelfling "04 aka. David Rutten

"Parts of these routines were developed while I was a intern at Prat-SA, Toulouse, France
"Surface relaxation using FDM (force density method) and VR(vibration reduction)

"(This method was written specifically for Rhinoceros 3.x and it"s scripting engine.
"However only the interface section of the source code *requires* RhinoScript methods...)

"Internal mesh definitions differ from those required by the Rhinoceros 3.x Scripting
engine.

"Instead of faces these routines use edges. Translation from one definition to the other
*will have to be performed prior to and after relaxation. Since only the coordinates

"of mesh vertices (or nodes) will be altered, this should be fairly straightforward.

"Furthermore in these routines vector objects play an important role. Vectors are arrays
of 2 3D point definitions:

Dim vecExampIe(l)
" vecExample(0) = Array(0,0,0) "Starting point of vector
" vecExample(1) = Array(1,0,1) "Ending point of vector
"Vector variables may be bigger than these dimensions but not smaller. They always need at
"least an x, y and z component.

Option Explicit

"This function performs a number of relaxation steps on the nodes of a mesh-definition.
"arrNodes is an array of 3D-points identifying the node coordinates in euclidian space
"arrConnections is an array of arrays containing information about connections between
nodes
" Every index in the array is another array containing 2 numeric values:

" 0 = the index of the node where the connection links to
- 1 = the tension of the connection.
- Note that arrNodes and arrConnections must have the same size (every index

descrlbes a single node)
Also note that iIf connections link to non-existent nodes an overflow error will
occur.
Then note that every node needs at least one connection, although logically 2 is
the absolute minimum.
Nodes can be connected to themselves, but this makes no sense so try to avoid it.
arrConstralns is an array that describes the constrains a node can have in space.
Every entry describes a single node. It can have the following values:
" Non-UUID string = the point is free to move in space if there is no object that has
an ID which is identical
" to the supplied string. Using zero length strings
to make sure nodes are free.
" UUID-String = the point is locked to an object (can be curve, surface or
polysurface) by ClosestPoint
" (ClosestPoint routines are not included in this routine.
Instead native Rhino 3.x script
methods are called. If you intend to run this script on
alternate platform you"ll have to
translate these calls into native methods. Also if other
platforms use different object
" identifyers (instead of strings), you should make further
alterations).
'Eamping = a real number controlling the damping of the relaxation routine. Numbers higher
than one
will accelerate the relaxation, likely causing instable results. This however can
be combatted by
limiting the maximum distance nodes are allowed to travel. Numbers between zero and
one will deccelerate
the relaxation thus preventing bouncing solutions, but more steps will be required
to reach a stable solution
" within tolerance. Negative numbers should be avoided.
“Limit = a real number controlling the distance every node is allowed to move during each
iteration.
"Summary will be filled with an array of data regarding the details of the entire
relaxatlon process
it will be filled with the following values:
" 0 = The sum-total of distances of all node translations
" 1 = The biggest resultant vector in the set
"The return value of the function is an array identical to arrNodes but with different
coordinates
Private Function RelaxMeshNodes(ByRef arrNodes, ByRef arrConnections, ByRef arrConstraints,
Byval Damping, ByVal Limit, ByRef Summary)
Dim &, j
Dim arrV(), resV
Dim newNodes
Dim ptCP

Dim maxResVec, curResVec
Dim sumNodeTrans

maxResVec = 0.0
sumNodeTrans = 0.0



newNodes = arrNodes
For i = 0 To UBound(newNodes)
IT arrConstraints(i) <> "FIXED" Then

Erase arrV
ReDim arrV(UBound(arrConnections(i)))
For j = 0 To UBound(arrV)
arrV(J) = MultiplyVector(Array(newNodes(i),

newNodes(arrConnections(i)()(0))), _

arrConnections(i)(g) (1))
Nex

resV(1))(0)

arrNodes(i))

curResVec

arrNodes(i))

curResVec

arrNodes(i))

Next

resV = ResultantVector(arrV)
resV = MultiplyVector(resV, Damping)
resV = LimitVector(resV, Limit)

IT Rhino.lIsObject(arrConstraints(i)) Then
IT Rhino.lIsCurve(arrConstraints(i)) Then

ptCP = Rhino.EvaluateCurve(arrConstraints(i),
Rhino.CurveClosestPoint(arrConstraints(i), resVvV(l)))

Elself Rhino.IsBREP(arrConstraints(i)) Then

ptCP = Rhino.BrepClosestPoint(arrConstraints(i),

End If

IT IsArray(ptCP) Then
newNodes(i) = ptCP

curResVec = PointPointDistance(newNodes(i),

IT curResVec > maxResVec Then maxResVec =

sumNodeTrans = sumNodeTrans + curResVec

Else
newNodes(i) = resV(1)

curResVec = PointPointDistance(newNodes(i),

IT curResVec > maxResVec Then maxResVec =

sumNodeTrans = sumNodeTrans + curResVec

End If
Else
newNodes(i) = resV(1)

curResVec = PointPointDistance(newNodes(i),

IT curResVec > maxResVec Then maxResVec
sumNodeTrans = sumNodeTrans + curResVec
End IFf

End If

Summary = Array(sumNodeTrans, maxResVec)

RelaxMeshNodes

End Function

= newNodes

Private Function PointPointDistance(ByRef arrPointl, ByRef arrPoint2)
PointPointDistance = (arrPointl(0)-arrPoint2(0)) * (arrPointl(0)-arrPoint2(0)) + _

(arrPointl(l)-arrPoint2(1)) *

(arrPointl(l)-arrPoint2(1)) + _

(arrPointl(2)-arrPoint2(2)) *

(arrPointl(2)-arrPoint2(2))
PointPointDistance = Sqr(PointPointDistance)

End Function

"This function calculates the resultant vector of an array of vectors.
"The starting point of the first vector in the array will be used as grip

"for the resultant vector,

Private Function ResultantVector(ByRef arrVectors)

Dim 1

Dim divX, divY, divZ

Dim resX, resY, resZ

Dim ptT(2), ptH(2)

resX = 0.0

resY = 0.0

resZz = 0.0

For i = 0 To UBound(arrVectors)
divX = arrVectors(i)(1)(0) - arrVectors(i)(0)(0)
divY = arrVectors(i)(1)(1) - arrVectors(i)(0)(1)
divZ = arrVectors(i)(1)(2) - arrVectors(i)(0)(2)
resX = resX + divX
resY = resY + divY
resZ = resZ + divZ

Next

ptT(0) = arrVectors(0)(0)(0)

ptT(1) = arrVectors(0)(0)(1)

curResVec

if an invalid vector array is passed an error will occur



ptT(2) = arrVectors(0)(0)(2)
ptH(0) = ptT(0) + resX
ptH(1) = ptT(1) + resY
ptH(2) = ptT(2) + resZ

ResultantVector = Array(ptT, ptH)
End Function

"This function will limit a vectorlength to a certain value
"vectors smaller than the specified length will remain untouched.
"Note that it is unhealthy to use negative numbers or zero for dblIMaxLength
Private Function LimitVector(ByVal vecln, ByVal dblLimitation)
Dim vecOut(1)
Dim 1

vecOut(0) = vecln(0)
vecOut(l) = vecln(l)
1 = PointPointDistance(vecln(0), vecln(1))

If 1 > dblLimitation Then
vecOut(1)(0) = vecOut(0)(0) + ((vecOut(l)(0)-vecOut(0)(0)) 7 1) *

dblLimitation
vecOut(1)(1) = vecOut(0)(1) + ((vecOut(l)(1)-vecOut(0)(1)) 7 I) *
dblLimitation
vecOut(1)(2) = vecOut(0)(2) + ((vecOut(l)(2)-vecOout(0)(2)) 7 1) *
dblLimitation
End If

LimitVector = vecOut
End Function

"This function will multiply a vectorlength by a specified factor.
Private Function MultiplyVector(ByVval vecln, ByVal dblFactor)

Dim vecOut(1)

vecOut(0) = vecln(0)

vecOut(l) = vecln(l)

vecOut(1)(0) = vecOut(0)(0) + (vecOut(l)(0) - vecOut(0)(0)) * dblFactor
vecOut(1) (1) = vecOut(0)(1l) + (vecOut(l)(1l) - vecOut(0)(1)) * dblFactor
vecOut(1)(2) = vecOut(0)(2) + (vecOut(l)(2) - vecOut(0)(2)) * dblFactor

MultiplyVector = vecOut
End Function

"This function translates a Rhino Nurbs Surface definition into an FDM Mesh definition
"idSurface = The ID of the surface to convert. If the ID is invalid, Null will be returned
" IT the surface is a non-compatible FDM object, Null will be
returned

" Surface that are closed or periodic in the v-direction should not
be used. Trims will be ignored.

"arrNodes = Points to a Variant variable that will recieve the Mesh Node data
"arrConnections = Points to a Variant variable that will recieve the Mesh Connectivity data
"arrConstraints = Points to a Variant variable that will recieve the Mesh Constraint data
"WarpTension = A double representing the tension of the fabric in Warp direction (U)
"WeftTension = A double representing the tension of the fabric in Weft direction (V)
"EdgeTension = An Array containing tension factor for all 4 surface edges O=umin; 1=umax;
2=vmin; 3=vmax

"EdgeLinks = An Array containing constraint information for all four edges. Values can be:
- "FIXED" = Fixed edge

- objID = Linked edge

" <anything else> = Free edge. String that are not "FIXED" and do not represent an
object are automatically treated as free.

; Use "FREE" to skip a few steps in the relaxation
oop

"TipLinks = An Array containing constraint information for all four tips. Values can be
identical to EdgeLinks
- O=umin,vmin; l=umax,vmin; 2=umin,vmax; 3=umax,vmax

"1 the function succeeds True will be returned, if the function fails Null will be
returned.



Private Function NURBS2FDM(ByVal idSurface, ByRef arrNodes, ByRef arrFaces, _
ByRef arrConnections, ByRef
arrConstraints, _
Byval WarpTension, ByvVal WeftTension,
Byval EdgeTension, _
ByVal EdgeLinks, ByVal TipLinks)
NURBS2FDM = Null

Dim u, v, N, M

Dim arrN(), arrF(Q), arrC(Q, arrLQ
Dim rhPoints

Dim uCount, vCount

Dim uDegree, vDegree

Dim strChoice

rhPoints = Rhino.SurfacePoints(idSurface)
uCount = Rhino.SurfacePointCount(idSurface)(0)
vCount = Rhino.SurfacePointCount(idSurface) (1)
uDegree = Rhino.SurfaceDegree(idSurface, 0)
vDegree = Rhino.SurfaceDegree(idSurface, 1)

IT Rhino.IsSurfacePeriodic(idSurface, 0) Then "periodic in u-direction
"Set mesh nodes
ReDim arrN(vCount * (uCount-uDegree) - 1)
N=0
For u = 0 To uCount - uDegree - 1 "prirazeni rhPoints do arrN
For v = 0 To vCount - 1
arrN(N) = rhPoints((u*vCount)+v)
N = N+1
Next
Next

ReDim arrF((vCount-1)*(uCount-uDegree)-1)
ReDim arrC(UBound(arrN))
ReDim arrL(UBound(arrN))
"Set mesh faces
N=0
For u = 0 To uCount-uDegree-1
For v = 0 To vCount-2
arrF(N) = Array((u*vCount)+v, _
((u*vCount)+v+vCount) Mod ((uCount-uDegree)*vCount),
((u*vCount)+v+vCount+1) Mod
((uCount-uDegree)*vCount), _
(u*vCount)+v+1)
N = N+1
Next
Next

"Set fabric
For u = 0 To uCount-uDegree-1
For v = 1 To vCount-2
N = (u*vCount)+v
arrC(N) = Array(Array(N+1, WeftTension), _
Array(N-1, WeftTension), _

Array (((N-vCount)+((uCount-uDegree)*vCount)) Mod ((uCount-uDegree)*vCount), WarpTension), _
Array ((N+vCount) Mod
((uCount-uDegree)*vCount), WarpTension))
arrL(N) = "FREE"
Next
Next

"Set u-border edges
For u = 0 To (uCount-uDegree-1)*vCount Step vCount

=u
arrC(N) = Array(Array((N+vCount) Mod ((uCount-uDegree)*vCount),
EdgeTension(0)), _

Array ((N-vCount+((uCount-uDegree)*vCount)) Mod ((uCount-uDegree)*vCount), EdgeTension(0)),
N Array(N+1, WeftTension))
arrL(N) = EdgeLinks(0)

N = u+vCount-1
arrC(N) = Array(Array((N+vCount+((uCount-uDegree)*vCount)) Mod
((uCount-uDegree)*vCount), EdgeTension(l)), _

Array ((N-vCount+((uCount-uDegree)*vCount)) Mod ((uCount-uDegree)*vCount), EdgeTension(l)),

Array(N-1, WeftTension))
arrL(N) = EdgeLinks(1)
Next
Elself Rhino.IsSurfaceClosed(idSurface, 0) Then “closed in u direction
"Set mesh nodes



ReDim arrN(vCount * (uCount-1) - 1)

N=20

For u = 0 To uCount - 2

For v = 0 To vCount - 1
arrN(N) = rhPoints((u*vCount)+v)
N = N+1

Next

Next

ReDim arrF((vCount-1)*(uCount-1)-1)
ReDim arrC(UBound(arrN))
ReDim arrL(UBound(arrN))
"Set mesh faces
N=0
For u = 0 To uCount-2
For v = 0 To vCount-2
arrF(N) = Array((u*vCount)+v, _
((u*vCount)+v+vCount) Mod
((uCount-1)*vCount), _
((u*vCount)+v+vCount+1) Mod
((uCount-1)*vCount), _
(u*vCount)+v+1)
N = N+1
Next
Next

"Set fabric
For u = 0 To uCount-2
For v = 1 To vCount-2
N = (u*vCount)+v
arrC(N) = Array(Array(N+1, WeftTension), _
Array(N-1, WeftTension), _

Array (((N-vCount)+((uCount-1)*vCount)) Mod ((uCount-1)*vCount), WarpTension), _
Array((N+vCount) Mod
((uCount-1)*vCount), WarpTension))
arrL(N) = "FREE"
Next
Next

"Set u-border edges
For u = 0 To (uCount-2)*vCount Step vCount
N =u
arrC(N) = Array(Array((N+vCount) Mod ((uCount-1)*vCount),
EdgeTension(0)), _

Array ((N-vCount+((uCount-1)*vCount)) Mod ((uCount-1)*vCount), EdgeTension(0)), _
Array(N+1, WeftTension))
arrL(N) = EdgeLinks(0)

N = u+vCount-1
arrC(N) = Array(Array((N+vCount+((uCount-1)*vCount)) Mod
((uCount-1)*vCount), EdgeTension(1)), _

Array ((N-vCount+((uCount-1)*vCount)) Mod ((uCount-1)*vCount), EdgeTension(1l)), _
Array(N-1, WeftTension))
arrL(N) = EdgeLinks(1)

Next
Else "rectangular patch

"Set mesh nodes

ReDim arrN(Ubound(rhPoints))

For N = 0 To UBound(rhPoints)
arrN(N) = rhPoints(N)

Next

"Set mesh faces

ReDim arrF((uCount-1)*(vCount-1)-1)

N=20
For u = 0 To uCount-2
For v = 0 To vCount-2

arrF(N) = Array((u*vCount)+v, (u*vCount)+v+vCount,
(u*vCount)+v+1+vCount, (u*vCount)+v+1)
N = N+1
Next
Next
"Set connections and link-constraints
ReDim arrC(UBound(arrN))
ReDim arrL(UBound(arrN))

For N = 0 To UBound(arrN)
arrC(N) = Array(Array(N+1, WeftTension), Array(N-1, WeftTension), _
Array(N-vCount, WarpTension),
Array(N+vCount, WarpTension))
arrL(N) = "FREE"
Next
"Set u-border edge cables



For N = 0 To vCount*(uCount-1) Step vCount
arrC(N) = Array(Array(N+vCount, EdgeTension(0)), Array(N-vCount,
EdgeTension(0)), Array(N+1, WeftTension))
arrL(N) = EdgeLinks(0)
M = N+vCount-1
arrC(M) = Array(Array(M+vCount, EdgeTension(1)), Array(M-vCount,
EdgeTension(1)), Array(M-1, WeftTension))
arrL(M) = EdgeLinks(1)
Next
"Set v-border edge cables
For N = 0 To vCount-1
arrC(N) = Array(Array(N+vCount, WarpTension), Array(N+1,
EdgeTension(2)), Array(N-1, EdgeTension(2)))
arrL(N) = EdgeLinks(2)
M = N + (uCount-1)*vCount
arrC(M) = Array(Array(M-vCount, WarpTension), Array(M-1,
EdgeTension(3)), Array(M+1, EdgeTension(3)))
arrL(M) = EdgeLinks(3)
Next
"Set tips
arrC(0) = Array(Array(l,EdgeTension(2)), Array(uCount, EdgeTension(0)))
arrL(0) = TipLinks(0)
arrC(vCount-1) = Array(Array(vCount-2, EdgeTension(2)), Array(2*vCount-1,
EdgeTension(1)))
arrL(vCount-1) = TipLinks(2)
arrC(vCount*(uCount-1)) = Array(Array(vCount*(uCount-1)+1, EdgeTension(3)),
Array(vCount*(uCount-2), EdgeTension(0)))
arrL(vCount*(uCount-1)) = TipLinks(1)
arrC(vCount*uCount-1) = Array(Array(vCount*uCount-2, EdgeTension(3)),
Array(vCount*(uCount-1)-1, EdgeTension(1)))
4t arrL(vCount*uCount-1) = TipLinks(3)
End 1

arrNodes = arrN
arrFaces = arrF
arrConnections = arrC
arrConstraints = arrL
NURBS2FDM = True

End Function

Private Function RecreateFDMSurface(idSurface, arrNodes)
Dim newNodes()
Dim u, v, N, index
Dim Nu, Nv, Du

Nu = Rhino.SurfacePointCount(idSurface) (0)
Nv = Rhino.SurfacePointCount(idSurface) (1)
Du = Rhino.SurfaceDegree(idSurface, 0)

ReDim newNodes(Nu*Nv-1)

IT Rhino.IsSurfacePeriodic(idSurface, 0) Then

For u = 0 To Nu-1

For v 0 To Nv-1
index = (u*Nv+v) Mod ((Nu-Du)*Nv)
newNodes(N) = arrNodes(index)
N = N+1

Next

Next

Elself Rhino.IsSurfaceClosed(idSurface, 0) Then
N =
For u = 0 To Nu-1
For v = 0 To Nv-1
index = (U*Nv+v) Mod ((Nu-1)*Nv)
newNodes(N) = arrNodes(index)

N = N+1
Next
Next
Else
For N = 0 To UBound(arrNodes)
newNodes(N) = arrNodes(N)
Next
End If

RecreateFDMSurface = Rhino.AddNurbsSurface(Rhino.SurfacePointCount(idSurface),
newNodes, _
Rhino.SurfacekKnots(idSurface)(0), _
Rhino.SurfacekKnots(idSurface) (1), _
Rhino.SurfaceDegree(idSurface), _

Rhino.SurfaceWeights(idSurface))
End Function



"This function displays a message at the command line, blinks it with a red background
colour and then offers a set of options.
"Might be handy to use for feedback...
Private Function FlashMessage(strMessage, arrOptions)
Dim rgbCurrent, rgbFlash
Dim IngFlashPause
IngFlashPause = 175
rgbCurrent = Rhino.AppearanceColor(12)
rgbFlash = RGB(255,0,0)

Rhino.Prompt strMessage
Rhino.AppearanceColor 12, rgbFlash
Rhino.Sleep IngFlashPause
Rhino.AppearanceColor 12, rgbCurrent
Rhino.Sleep IngFlashPause
Rhino.AppearanceColor 12, rgbFlash
Rhino.Sleep IngFlashPause
Rhino.AppearanceColor 12, rgbCurrent
FlashMessage = Rhino.GetString(strMessage,
End Function

, arrOptions)

"This function creates 4 textdots at the surface corners and prompts the user to pick some.
"You have to remove the objects again by calling the function CLEARPREVIEW afterwards.
"The return value is an array that contains the indices of the edges or NULL on
error/nopick
"O=umin,vmin 1=umax,vmin 2=umin,vmax 3=umax,vmax
Private Function GetTips(ByVval idSurface, ByVval strPrompt)

GetTips = Null

Dim arrDots(3), selDots

Dim srfDomain, i, j

Dim arrAll(), S

IT Rhino.lIsSurfacePeriodic(idSurface, 0) Or Rhino.lIsSurfacePeriodic(idSurface, 1)

or _
Rhino. IsSurfaceClosed(idSurface, 0) Or Rhino.lIsSurfaceClosed(idSurface, 1) Then
FlashMessage '"'The surface has no corners... You"ll need to fix or link the
edges instead.", Array("'OK™)

Else

srfDomain = Array(Rhino.SurfaceDomain(idSurface,0),
Rhino.SurfaceDomain(idSurface,1))

arrDots(0) = Rhino.AddTextDot("'A", Rhino.EvaluateSurface(idSurface,
Array(srfbomain(0)(0), srfDomain(1)(0))))

arrDots(1l) = Rhino.AddTextDot(*'B', Rhino.EvaluateSurface(idSurface,
Array(srfDomain(0)(1), srfDomain(1)(0))))

arrDots(2) = Rhino.AddTextDot("'C'", Rhino.EvaluateSurface(idSurface,
Array(srfbomain(0)(0), srfDomain(1)(1))))

arrDots(3) = Rhino.AddTextDot(*'D', Rhino.EvaluateSurface(idSurface,
Array(srfDomain(0)(1), srfDomain(1)(1))))

Rhino.ObjectName arrDots, 'GelflingRelaxationPreviewObjects"

selDots = Rhino.GetObjects(strPrompt, 0, False, False, True, arrDots)
IT IsNull(selDots) Then Exit Function
S=0

For i = 0 To UBound(selDots)
For j =0 To 3
IT selDots(i) = arrDots(j) Then
ReDim Preserve arrAll(S)
arrAlI(S) = ]
S = S+1
End If
Next
Next
GetTips = arrAll
End If
End Function

"This function is a wrapper for the Rhino.ExtractlsoCurve method. Differences:
"- 1t returns only a single ID instead of an array.
"-if the extracted edge 1s very short a point will be drawn instead.
Private Function ExtractlsoCurveWrapper(ByVal idSurface, ByVal arrParam, ByVal Direction)
Dim varResult
varResult = Rhino.ExtractlsoCurve(idSurface, arrParam, Direction)
IT IsNull(varResult) Then
ExtractlsoCurveWrapper = Rhino.AddPoint(Rhino.EvaluateSurface(idSurface,
arrParam))
IT IsNull(ExtractlsoCurveWrapper) Then ExtractlsoCurveWrapper =
"null-object"
Elself Rhino.CurvelLength(varResult(0)) <= Rhino.UnitAbsoluteTolerance Then
Rhino.DeleteObject varResult(0)
ExtractlsoCurveWrapper = Rhino.AddPoint(Rhino.EvaluateSurface(idSurface,
arrParam))
IT IsNull(ExtractlsoCurveWrapper) Then ExtractlsoCurveWrapper =
“null-object"
Else



ExtractlsoCurveWrapper = varResult(0)
End If
End Function

"This function copies the edges of a surface and prompts the user to pick some.
"The return value is an array with edge indices or NULL on error/nopick
"O=umin 1l=umax 2=vmin 3=vmax
Private Function GetEdges(ByVal idSurface, ByVal strPrompt)
GetEdges = Null
Dim arrEdges(3), selEdges
Dim srfDomain(1l), midDomain(l)
Dim &, j
Dim arrAll(), S

srfDomain(0) = Rhino.SurfaceDomain(idSurface,0)
midDomain(0) = (srfDomain(0)(0) + srfDomain(0)(1))/2
srfbomain(l) = Rhino.SurfaceDomain(idSurface,1)

midDomain(1l) = (srfDomain(1)(0) + srfDomain(1)(1))/2
h IT Rhino.IsSurfacePeriodic(idSurface, 1) Or Rhino.lIsSurfaceClosed(idSurface, 1)
Then
arrEdges(2) = ExtractlsoCurveWrapper(idSurface, Array(srfDomain(0)(0),
midDomain(1)), 1)
arrEdges(3) = ExtractlsoCurveWrapper(idSurface, Array(srfDomain(0)(1),
midDomain(1)), 1)
Elself Rhino.lsSurfacePeriodic(idSurface, 0) Or Rhino.lIsSurfaceClosed(idSurface, 0)
Then
arrEdges(0) = ExtractlsoCurveWrapper(idSurface, Array(midDomain(0),
srfDomain(1)(0)), 0)
arrEdges(1l) = ExtractlsoCurveWrapper(idSurface, Array(midDomain(0),
srfDomain(1) (1)), 0)
Else

arrEdges(0) = ExtractlsoCurveWrapper(idSurface, Array(midDomain(0),
srfbDomain(1)(0)), 0)

arrEdges(1l) = ExtractlsoCurveWrapper(idSurface, Array(midDomain(0),
srfDomain(1) (1)), 0)

arrEdges(2) = ExtractlsoCurveWrapper(idSurface, Array(srfDomain(0)(0),
midDomain(1)), 1)

arrEdges(3) = ExtractlsoCurveWrapper(idSurface, Array(srfDomain(0)(1),
midDomain(1)), 1)

End If

For i = 0 To 3
IT IsNull(arrEdges(i)) Or IsEmpty(arrEdges(i)) Then arrEdges(i) =
"null-object"
Next
Rhino.ObjectName arrEdges, "GelflingRelaxationPreviewObjects"

selEdges = Rhino.GetObjects(strPrompt, 0, False, False, True, arrEdges)
IT IsNull(selEdges) Then Exit Function
S=0
For i = 0 To UBound(selEdges)
For j =0 To 3
IT selEdges(i) = arrEdges(J) Then
ReDim Preserve arrAll(S)
arrAlI(S) = ]
S = S+1
End If
Next
Next
GetEdges = arrAll
End Function

"This function draws a set of curves on a surface, either in U/warp or V/weft
"You have to call the CLEARPREVIEW function to remove the curves again afterwards.
Private Sub DrawWarpWeftPreview(ByVal strSurface, ByVal intDirection, ByVal dblDensity)
Dim uDomain, vDomain
Dim i, u, v

Dim crvAdd
uDomain = Rhino.SurfaceDomain(strSurface, 0)
vDomain = Rhino.SurfaceDomain(strSurface, 1)

Rhino.EnableRedraw False

For i = 0 To 1 Step 1/dblDensity
u = ubDomain(0) + (uDomain(1l)-uDomain(0))*i
v = vDomain(0) + (vDomain(l)-vDomain(0))*i
crvAdd = Rhino.ExtractlsoCurve(strSurface, Array(u,v), intDirection)
Rhino.ObjectName crvAdd, "GelflingRelaxationPreviewObjects"

Next

Rhino.EnableRedraw True

End Sub

"This function removes all objects from the document that have been created by functions in
this script.
"Basically it removes all objects that are named "GelflingRelaxationPreviewObjects"



Private Sub ClearPreview()
Dim allPreviewObjects
allPreviewObjects = Rhino.ObjectsByName("'GelflingRelaxationPreviewObjects', False)
IT IsNull(allPreviewObjects) Then Exit Sub
Rhino.DeleteObjects allPreviewObjects
End Sub

"This function checks a surface to see whether it is suitablefor FDM relaxation.
"If it turns out not to be, then it will prompt the user for action.
"I the surface could not be or was not fixed NULL will be returned.
"1 the surface is acceptable or was fixed the new ID will be returned
Private Function CheckNURBSSurface(ByVal idSurface)
CheckNURBSSurface = Null
Dim strResult
Dim idNewSurface

idNewSurface = idSurface

IT Not Rhino.lIsSurface(idNewSurface) Then Exit Function
IT (Rhino.IsSurfaceClosed(idSurface,0) Or Rhino.lIsSurfacePeriodic(idSurface,0)) And

(Rhino. IsSurfaceClosed(idSurface,1) Or Rhino.lIsSurfacePeriodic(idSurface,1)) Then
strResult = FlashMessage(*'The surface you selected has no free edges.
Relaxation is not possible.”, Array(*'0OK'™))
Exit Function
End IFf

IT Rhino.SurfacePointCount(idNewSurface)(0) <= 3 Or
Rhino.SurfacePointCount(idSurface)(1l) <=3 Then
strResult = FlashMessage("'The surface you selected does not have sufficient
grips.", Array(''0OK'"))
Exit Function
End If

- IT Rhino.IsSurfaceRational (idSurface) Then
- strResult = FlashMessage(*'The surface you selected is rational. Weighted
grips will not translate correctly, what would you like to do?", _
b Array("'Unweight",
"lgnore', "Abort'))
IT IsNull(strResult) Then Exit Function
Select Case UCase(strResult)
Case "UNWEIGHT"

idNewSurface =
Rhino.AddNurbsSurface(Rhino.SurfacePointCount(idNewSurface), _

Bhino.SurfacePoints(idNewSurface), _
Bhino.SurfaceKnots(idNewSurface)(O), _
Bhino.SurfaceKnots(idNewSurface)(l), _
Rhino.SurfaceDegree(idNewSurface))

" Rhino.DeleteObject idSurface

Case "IGNORE"
"Do not take any action

Case Else
Exit Function
End Select

End IFf

IT Rhino.IsSurfaceTrimmed(idNewSurface) Then

strResult = FlashMessage("'The surface you selected is trimmed. Trims are
not supported, what would you like to do?", Array("'Untrim', "lIgnore", "Abort'))

IT IsNull(strResult) Then Exit Function

Select Case UCase(strResult)

Case "UNTRIM"

idNewSurface =

Rhino.AddNurbsSurface(Rhino.SurfacePointCount(idNewSurface), _

Rhino.SurfacePoints(idNewSurface), _
Rhino.SurfaceKnots(idNewSurface)(0), _
Rhino.SurfaceKnots(idNewSurface) (1), _
Rhino.SurfaceDegree(idNewSurface), _
Rhino.SurfaceWeights(idNewSurface))
Rhino.DeleteObject idSurface

Case ""IGNORE"
"Do not take any action

Case Else
Exit Function
End Select

End IF



IT Rhino.IsSurfacePeriodic(idNewSurface, 1) Then
strResult = FlashMessage(*'Only u-periodic surfaces are supported, what
would you like to do?", Array('Swap_UV_Directions™, "Abort™))
IT IsNull(strResult) Then Exit Function
IT UCase(strResult) = "ABORT" Then Exit Function
Rhino.EnableRedraw vbFalse
Rhino.UnselectAllObjects
Rhino.SelectObject idNewSurface
Rhino.Command *""-_Dir _SwapUV _Enter"™, vbFalse
Rhino.EnableRedraw vbTrue
End If

IT Rhino.IsSurfaceClosed(idNewSurface, 1) Then
strResult = FlashMessage(*'Only u-continues surfaces are supported, what
would you like to do?", Array('Swap_UV_Directions™, "Abort™))
IT IsNull(strResult) Then Exit Function
IT UCase(strResult) = "ABORT" Then Exit Function
Rhino.EnableRedraw vbFalse
Rhino.UnselectAllObjects
Rhino.SelectObject idNewSurface
Rhino.Command *""-_Dir _SwapUV _Enter"™, vbFalse
Rhino.EnableRedraw vbTrue
End If

CheckNURBSSurface = idNewSurface
End Function

"This is it. The main sub...
Private Sub RelaxNURBS_Surface()
Dim arrNodes, arrFaces, arrConnections, arrConstraints
Dim EdgeTension(3), WarpTension, WeftTension
Dim EdgeLink(3), TipLink(3)
Dim strSurfacelD, newSurfacelD
Dim MeshID
Dim DampingFactor, Limitation, PreflightLoops, AccuracyMark, LimitationDecay
Dim Summary
Dim srfBBox, Diagonal
Dim RunAsDeveloper, DestinationFolder, FramePrefix, FrameFormat, FrameDim(1)

"Set to TRUE to save an animation sequence of the relaxation process.
RunAsDeveloper = False

strSurfacelD = Rhino.GetObject('Select a surface for relaxation”, 8, True, True)
IT IsNull(strSurfacelD) Then Exit Sub
strSurfacelD = CheckNURBSSurface(strSurfacelD)
IT IsNull(strSurfacelD) Then
Rhino.Print "Relaxation process aborted due to improper geometry..."
Exit Sub
End IFf

Rhino.SurfacelsoCurveDensity strSurfacelD, -1
IT Not IsNull(Rhino.GetObjectData(strSurfacelD, "Gelfling_Relaxation,
"LastOperation'™)) Then
EdgeTension(0) = CDbI(Rhino.GetObjectData(strSurfacelD,
"Gelfling_Relaxation', "EdgeTension0™))
EdgeTension(1l) = CDbI(Rhino.GetObjectData(strSurfacelD,
"Gelfling_Relaxation', "EdgeTensionl')
EdgeTension(2) = CDbI(Rhino.GetObjectData(strSurfacelD,
"Gelfling_Relaxation', "EdgeTension2™))
EdgeTension(3) = CDbI(Rhino.GetObjectData(strSurfacelD,
"Gelfling_Relaxation", "EdgeTension3'™))
WarpTension = CDbI(Rhino.GetObjectData(strSurfacelD, "Gelfling_Relaxation",
"WarpTension'))
WeftTension = CDbl(Rhino.GetObjectData(strSurfacelD, "Gelfling_Relaxation",
"WeftTension'))
EdgeLink(0)

Rhino.GetObjectData(strSurfacelD, "Gelfling_Relaxation",
""EdgeLink0™)

"EdgeLink1'™)

EdgeLink(1) = Rhino.GetObjectData(strSurfacelD, "Gelfling_Relaxation”,

EdgeLink(2) = Rhino.GetObjectData(strSurfacelD, "Gelfling_Relaxation",
"EdgeLink2'™)

"EdgeLink3'™)

EdgeLink(3) = Rhino.GetObjectData(strSurfacelD, "Gelfling_Relaxation”,
TipLink(0) = Rhino.GetObjectData(strSurfacelD, "Gelfling_Relaxation",

"TipLink0'™)

TipLink(1) = Rhino.GetObjectData(strSurfacelD, "Gelfling_Relaxation™,
"TipLink1'™)

TipLink(2) = Rhino.GetObjectData(strSurfacelD, "Gelfling_Relaxation",
"TipLink2'™)

TipLink(3) = Rhino.GetObjectData(strSurfacelD, "Gelfling_Relaxation™,
"TipLink3'™)

Else

WarpTension
WeftTension

1.0
1.0



For i = 0 To 3
EdgeTension(i) = 10.0
EdgeLink(i) = "FREE"
TipLink(i) = "FIXED"

Next

IT Rhino.lIsSurfacePeriodic(strSurfacelD, 0) Or

Rhino. IsSurfaceClosed(strSurfacelD, 0) Then
For i = 0 To 3
EdgeLink(i) = "FIXED"

Next

End If

End If

Rhino.Prompt '"Loading geometry... please wait"
Summary = NURBS2FDM(strSurfacelD, arrNodes, arrFaces, arrConnections,
arrConstraints, _
WarpTension, WeftTension, EdgeTension,
EdgeLink, TipLink)
IT IsNull(Summary) Then
msgBox "Error in building FDM mesh.™, vbOkOnly Or vbCritical, "Relaxation
error”
Exit Sub
End If

Dim arrOptions, strResult
Dim intObject, i, N
Dim idParent
Do
IT RunAsDeveloper Then
arrOptions = Array("'Tension_Factors"™, "Geometry_Links", "Summary',
"Relax", "Relax_advanced", "Quit')
Else
arrOptions = Array("'Tension_Factors™, "Geometry_Links", "Relax",
"Quit™)
End If
strResult = Rhino.GetString("'Relaxation settings"™, "Relax', arrOptions)
IT IsNull(strResult) Then Exit Sub
Select Case Left(UCase(strResult),l)
Case "M"
IT UCase(strResult) = "MELLON" Then RunAsDeveloper = True
Case "'T"
Do
arrOptions = Array("'Warp', "Weft', "Edges", "Return'™)
strResult = Rhino.GetString(*'Fabric tension factor
properties’, "Return', arrOptions)
IT IsNull(strResult) Then strResult = "Return™
Select Case Left(UCase(strResult), 2)
Case "WA™
DrawWarpWeftPreview strSurfacelD, 0, 30
strResult = Rhino.GetReal (*'Specify a new fabric
warp tension", WarpTension, 0.01, 1000)
IT Not IsNull(strResult) Then
WarpTension = CDbl(strResult)
End IFf
ClearPreview
Case "WE™"
DrawWarpWeftPreview strSurfacelD, 1, 30
strResult = Rhino.GetReal (*'Specify a new fabric
weft tension", WeftTension, 0.01, 1000)
IT Not IsNull(strResult) Then
WeftTension = CDbl(strResult)
End IFf
ClearPreview
Case "ED"
intObject = GetEdges(strSurfacelD, "Select edges to
set tension')
IT IsArray(intObject) Then
strResult = Rhino.GetReal (*'Specify a new
edge cable tension", EdgeTension(intObject(0)), 0.01, 1000)
IT Not IsNull(strResult) Then
For i = 0 To UBound(intObject)
EdgeTension(intObject(i)) =

CDbl (strResult)
Next
End If
End If
ClearPreview
Case Else
Exit Do
End Select
Loop
Case "'G"
Do
arrOptions = Array(‘'Corners", "Edges', "Return'™)

strResult = Rhino.GetString(*'Surface geometry linking



options', "Return', arrOptions)
IT IsNull(strResult) Then strResult = "Return™
Select Case Left(UCase(strResult), 1)
Case "C"
intObject = GetTips(strSurfacelD, 'Select corners
to restrain')
IT IsArray(intObject) Then
arrOptions = Array(“'Fixed", "Linked™)
strResult = Rhino.GetString("'Pick a node
restraint type", "Fixed", arrOptions)
IT Not IsNull(strResult) Then
Select Case
Left(UCase(strResult),2)
Case "LI"
idParent =
Rhino.GetObject(*'Select a guide object', 4+8+16, False, True)
IT Not IsNull(idParent)

Then
For i = 0 To
UBound(intObject)
TipLink(intObject(i)) = idParent
Next
End If
Case Else
For i = 0 To
UBound(intObject)
TipLink(intObject(i)) = "FIXED"
Next
End Select
End If
End IF
ClearPreview
Rhino.UnSelectAllObjects

Case "E"
intObject = GetEdges(strSurfacelD, "Select edges to
restrain')
IT IsArray(intObject) Then
arrOptions = Array(“'Fixed", "Free",
""Linked™)
strResult = Rhino.GetString("'Edge restraint
type?'", "Fixed", arrOptions)
IT Not IsNull(strResult) Then
Select Case
Left(UCase(strResult),2)

Case "FR™
For i = 0 To
UBound(intObject)
EdgeLink(intObject(i)) = """
Next
Case ""LI"
idParent =

Rhino.GetObject("'Select a guide object", 4+8+16, False, False)
1T Not IsNull(idParent)

Then
For i = 0 To
UBound(intObject)
EdgeLink(intObject(i)) = idParent
Next
End IFf
Case Else
For i = 0 To
UBound(intObject)
EdgeLink(intObject(i)) = "FIXED"
Next
End Select
End IFf
End If
ClearPreview
Rhino.UnSelectAllObjects
Case Else
Exit Do
End Select
Loop
Case "'S"
N=20

For i = 0 To UBound(arrConnections)
N = N + UBound(arrConnections(i))+1
Next
msgBox “"NURBS surface relaxation data for object; " & vbNewLine & _
"['" & strSurfacelD & "] & vbNewLine & vbNewLine & _



""Mesh node count; " & UBound(arrNodes)+1 & vbNewLine & _
"Mesh face count; " & UBound(arrFaces)+1 & vbNewLine & _
"Mesh link count; "™ & N & vbNewLine & _
“Fabric warp-tension; " & WarpTension &

%" & vbNewLine

&

"Fabric weft-tension; " & WeftTension & "%" & vbNewLine
&

"Fabric edge-tension(0); " & EdgeTension(0) & "% (' &
EdgeLink(0) & )™ & vbNewLine &

"Fabric edge-tension(l); " & EdgeTension(l) & "% (" &
EdgeLink(1) & )" & vbNewLine &

"Fabric edge-tension(2); " & EdgeTension(2) & "% (' &
EdgeLink(2) & ™)™ & vbNewLine &

"Fabric edge-tension(3); " & EdgeTension(3) & "% (' &
EdgeLink(3) & )" & vbNewLine &

“Fabric corner-link(A); "™ & TipLink(0) & vbNewLine & _

"Fabric corner-link(B); "™ & TipLink(1) & vbNewLine & _

"Fabric corner-1ink(C); "™ & TipLink(2) & vbNewLine & _

"Fabric corner-link(D); " & TipLink(3) & vbNewLine &
vbNewLine & _

"end of summary...", vbOkOnly, "FDM-mesh summary"

Case "R"
srfBBox = Rhino.BoundingBox(strSurfacelD
Diagonal = PointPointDistance(srfBBox(0), srfBBox(6))

IT Len(strResult) = 14 Then
AccuracyMark = Rhino.GetReal ("'Specify relaxation
tolerance', Rhino.UnitAbsoluteTolerance, Rhino.UnitAbsoluteTolerance/100)
DampingFactor Rhino.GetReal (*'Specify a global damping

factor™, 1.0, 0.001, 1000.0)

Limitation = Rhino.GetReal (*"'Specify an initial translation
limitation”, Round(Diagonal * 0.05,2), AccuracyMark, Diagonal*10)

LimitationDecay = Rhino.GetReal (*"Specify a translation
limitation decay factor per iteration", 0.95, 0.1, 0.99)

PreflightLoops Rhino.GetInteger(*'Specify the number of
preflight-iterations'™, 20, 1, 1000)

IT IsNull(AccuracyMark) Then AccuracyMark =

Rhino.UnitAbsoluteTolerance

IT IsNull(DampingFactor) Then DampingFactor 1.0
IT IsNull(Limitation) Then Limitation Diagonal * 0.05
IT IsNull(LimitationDecay) Then LimitationDecay = 0.95

IT IsNull(PreflightLoops) Then PreflightLoops = 20
Else
DampingFactor = 1.0
Limitation = Diagonal * 0.05
PreflightLoops = 20
AccuracyMark = Rhino.UnitAbsoluteTolerance
LimitationDecay = 0.95
End If
Exit Do
Case "Q"
Exit Sub
Case Else
Rhino.Print "Unknown command entered... nothing done."
End Select
Rhino.SetObjectData strSurfacelD, "Gelfling_Relaxation', "LastOperation®,
Cstr(Now)
Rhino.SetObjectData strSurfacelD, "Gelfling_Relaxation"™, '"EdgeTension0",
Cstr(EdgeTension(0))
Rhino.SetObjectData strSurfacelD, "Gelfling_Relaxation™, "EdgeTensionl",
Cstr(EdgeTension(1))
Rhino.SetObjectData strSurfacelD, "Gelfling_Relaxation"™, '"EdgeTension2",
Cstr(EdgeTension(2))
Rhino.SetObjectData strSurfacelD, "Gelfling_Relaxation™, "EdgeTension3",
Cstr(EdgeTension(3))
Rhino.SetObjectData strSurfacelD, "Gelfling_Relaxation', "WarpTension",
Cstr(WarpTension)
Rhino.SetObjectData strSurfacelD, "Gelfling_Relaxation', "WeftTension",
Cstr(WeftTension)
Rhino.SetObjectData strSurfacelD, "Gelfling_Relaxation', "EdgelLink0",
EdgeLink(0)
Rhino.SetObjectData strSurfacelD, "Gelfling_Relaxation', "EdgeLinkl",
EdgeLink(1)
Rhino.SetObjectData strSurfacelD, "Gelfling_Relaxation', "EdgelLink2",
EdgeLink(2)
Rhino.SetObjectData strSurfacelD, "Gelfling_Relaxation', "EdgeLink3",
EdgeLink(3)
Rhino.SetObjectData strSurfacelD, "Gelfling_Relaxation"™, "TipLink0",
TipLink(0)
Rhino.SetObjectData strSurfacelD, "Gelfling_Relaxation™, "TipLinkl",
TipLink(1)
Rhino.SetObjectData strSurfacelD, "Gelfling_Relaxation™, "TipLink2",
TipLink(2)
Rhino.SetObjectData strSurfacelD, "Gelfling_Relaxation™, "TipLink3",



TipLink(3)
Loop

Rhino.UnSelectAllObjects
Rhino.HideObject strSurfacelD

Summary = NURBS2FDM(strSurfacelD, arrNodes, arrFaces, arrConnections,
arrConstraints, _
WarpTension, WeftTension, EdgeTension,
EdgeLink, TipLink)
IT IsNull(Summary) Then
msgBox ""The surface could not be translated into an FDM-mesh."& vbNewLine &

&

"The fact that you"re seeing this warning means there" & vbNewLine

"is a bug in the script. Please mail your surface file"™ & vbNewLine
& _
"(*.3dm fileformat) to david@rutten.as', vbOkOnly Or vbCritical,
"Relaxation routine bug"
Exit Sub

End IF

Rhino.Command ''-_AdvancedDisplay _Wires _ShowMeshWires=Yes _Enter _Enter", vbFalse
MeshID = Rhino.AddMesh(arrNodes, arrFaces)

DestinationFolder = Null
IT RunAsDeveloper Then
DestinationFolder = Rhino.BrowseForFolder(,"Select a folder to save the
animation sequence. Press "Cancel” to not save animation.', "Animation settings'™)
IT Not IsNull(DestinationFolder) Then
FramePrefix = Rhino.StringBox("Enter a name for the sequence...",
"RelaxationFrame', "Animation settings')
IT IsNull(FramePrefix) Then
DestinationFolder = Null
Else

FrameFormat = Rhino.ListBox(Array(‘'bmp', *"tga', "pcx",
“jpg", "png", "tif"), "Select a file format", "Animation settings')
IT IsNull(FrameFormat) Then
DestinationFolder = Null
Else
Summary = Rhino.PropertyListBox(Array(*'Animation
width", "Animation height'), _

Array(*'1500*", "1000"), "Enter frame dimensions', "Animation settings')

IT IsNull(Summary) Then
DestinationFolder = Null

Else
FrameDim(0) = Summary(0)
FrameDim(1) = Summary(l)

End IFf

End If
End If

IT Not IsNull(DestinationFolder) Then
Rhino.Command "'-_TestViewCaptureToFile " & Chr(34) &
DestinationFolder & FramePrefix & "00000." & FrameFormat & Chr(34) & _
" _Width=" & FrameDim(0) & "
_Height=" & FrameDim(1) &" _DrawCplane=No _DrawWorldAxes=No _Enter", vbFalse
End If

End If
End IF

"Analyse current FDM mesh properties

Rhino.Prompt *Performing test relaxation run... please wait"

RelaxMeshNodes arrNodes, arrConnections, arrConstraints, DampingFactor, Limitation,
Summary

Rhino.Print "Initial cumulative node translation: " & Round(Summary(0)) &
Rhino.UnitSystemName(False, True, True) & _

" Initial largest node vector: " & Round(Summary(1), 2) &

oo

"Perform preflight relaxation
For 1 = 1 To PreflightLoops
Rhino.Prompt "Performing preflight relaxation. Step " & 1 & " of " &
PreflightLoops & "..."
arrNodes = RelaxMeshNodes(arrNodes, arrConnections, arrConstraints,
DampingFactor, Limitation, Summary)
Rhino.EnableRedraw vbFalse
Rhino.DeleteObject MeshlID
MeshID = Rhino.AddMesh(arrNodes, arrFaces)
Rhino.EnableRedraw vbTrue

IT Not IsNull(DestinationFolder) Then
Rhino.Command *""-_TestViewCaptureToFile " & Chr(34) &
DestinationFolder & FramePrefix & Right(*'00000" & i, 5) & "." & FrameFormat & Chr(34) & _



" _Width=" & FrameDim(0) & "
_Height=" & FrameDim(1) & " _DrawCplane=No _DrawWorldAxes=No _Enter", vbFalse
End

Next

"Perform damped relaxation
Do
arrNodes = RelaxMeshNodes(arrNodes, arrConnections, arrConstraints,
DampingFactor, Limitation, Summary)
Rhino.Prompt "lteration "™ & 1 & _
" Damping: " & Round(DampingFactor*100, 2) & "%"
& _
" Limitation: " & Round(Limitation, 2) &
Rhino.UnitSystemName(False, True, True)

Limitation = Limitation * LimitationDecay
"DampingFactor = DampingFactor * 0.98

Rhino.EnableRedraw vbFalse

Rhino.DeleteObject MeshlD

MeshID = Rhino.AddMesh(arrNodes, arrFaces)
Rhino.EnableRedraw vbTrue

IT Not IsNull(DestinationFolder) Then
Rhino.Command *'-_TestViewCaptureToFile " & Chr(34) &
DestinationFolder & FramePrefix & Right('00000" & i, 5) & "." & FrameFormat & Chr(34) & _
" _Width=" & FrameDim(0) & "
_Height=" & FrameDim(1) &" _DrawCplane=No _DrawWorldAxes=No _Enter', vbFalse
End

IT Limitation < AccuracyMark Then Exit Do
=i+l
Loop

Rhino.EnableRedraw False
newSurfacelD = RecreateFDMSurface(strSurfacelD, arrNodes)
IT IsNull(newSurfacelD) Then
msgBox ""New surface could not be created." & vbNewLine & _
"The mesh will be preserved instead...", vbOkOnly Or
vbExclamation, "Error!™
Rhino.ShowObject strSurfacelD
Rhino.EnableRedraw True
Exit Sub
End If

Rhino.ShowObject strSurfacelD
Rhino.DeleteObject MeshlID
Rhino.DeleteObject strSurfacelD
Rhino.SelectObject newSurfacelD

Rhino.SetObjectData newSurfacelD, "Gelfling_Relaxation', '"LastOperation",
Cstr(Now)

Rhino.SetObjectData newSurfacelD, "Gelfling_Relaxation™, "EdgeTension0",
Cstr(EdgeTension(0))

Rhino.SetObjectData newSurfacelD, "Gelfling_Relaxation"™, '"EdgeTensionl",
Cstr(EdgeTension(1))

Rhino.SetObjectData newSurfacelD, "Gelfling_Relaxation™, "EdgeTension2",
Cstr(EdgeTension(2))

Rhino.SetObjectData newSurfacelD, "Gelfling_Relaxation"™, '"EdgeTension3",
Cstr(EdgeTension(3))

Rhino.SetObjectData newSurfacelD, "Gelfling_Relaxation', "WarpTension',
Cstr(WarpTension)

Rhino.SetObjectData newSurfacelD, "Gelfling_Relaxation', "WeftTension",
Cstr(WeftTension)

Rhino.SetObjectData newSurfacelD, "Gelfling_Relaxation', "EdgeLink0",

EdgeLink(0)

Rhino.SetObjectData newSurfacelD, "Gelfling_Relaxation', "EdgelLinkl",
EdgeLink(1)

Rhino.SetObjectData newSurfacelD, "Gelfling_Relaxation', "EdgeLink2",
EdgeLink(2)

Rhino.SetObjectData newSurfacelD, "Gelfling_Relaxation', "EdgelLink3",
EdgeLink(3)

Rhino.SetObjectData newSurfacelD, "Gelfling_Relaxation™, "TipLinkO",
TipLink(0)

Rhino.SetObjectData newSurfacelD, "Gelfling_Relaxation', "TipLink1l",
TipLink(1)

Rhino.SetObjectData newSurfacelD, "Gelfling_Relaxation™, "TipLink2",
TipLink(2)

Rhino.SetObjectData newSurfacelD, "Gelfling_Relaxation"™, "TipLink3",
TipLink(3)

Rhino.EnableRedraw True

End Sub

RelaxNURBS_Surface
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Datenblatter
Data Sheets

Seilbau " Cable Structures

Spiralseil DIN EN 12385 — Edelstahl Zulassungsnummer

Approval-Number

Spiral Strand DIN EN 12385 — Stainless Steel Z14.7-411

I E 1x19 1x37 1x61

1x91

Technische Daten Technical Data

Material: Material:

gemaB Zulassung Z-14.7-411 according Technical Approval Z-14.7-411

Elastizitdtsmodul: Modulus of Elasticity:

130 = 10 kN/mm? 130 = 10 kN/mm?

Toleranz dg: Tolerance dg:

+ 3% + 3%
Grofe Charakt. Bruchkraft Grenzzugkraft Metall. Querschnitt Gewicht Konstruktion Seil-Nenndurchmesser
size charact. breaking load limit tension metallic cross section weight construction nomin. strand dia.

ZB,k DIN 18800* Zp 4 DIN 18800 ca./approx. ca./approx. dg
kN kN mm? kg/m mm

PE 3 26 16 22 0,2 1x19 6,1
PE5 47 28 38 0,3 1x19 8,1
PE7 73 44 60 0,5 1x19 10,1
PE 10 101 61 83 0,7 1x19 11,9
PE 15 141 86 117 0,9 1x37 14,1
PE 20 195 118 161 1,3 1x37 16,6
PE 30 298 180 246 1,9 1x37 20,5
PE 45 409 248 338 2,7 1x61 241
PE 60 578 350 477 3,7 1x61 28,6
PE 75 730 442 602 47 1x91 32,1
PE 100 945 573 780 6,1 1x91 36,6

*nach EC 3 = Fy,  und nach ASCE 19-96 = Sy *according EC 3 = F; | and according ASCE 19-96 = Sy

Konstruktionsénderungen vorbehalten Subject to technical modification

GroBere Abmessungen und ZwischengroBen auf Anfrage Bigger dimensions and intermediate dimensions upon request

1/2007



Spiralseil DIN EN 12385 — GALFAN
Spiral Strand DIN EN 12385 — GALFAN

Cable Structures

Seilbau

Zulassungsnummer
Approval-Number
Z-14.7-413

1x19 §

1x37

Technische Daten Technical Data
Material: Material

unlegierter Qualitatsstahl unalloyed quality steel
Elastizitdtsmodul: Modulus of Elasticity:
160 = 10 kN/mm? 160 = 10 kN/mm?
Toleranz dg: Tolerance d:

+ 3% + 3%
Korrosionsschutz: Corrosion Protection:

GALFAN verzinkt ohne Innenverfiillung

GALFAN coated without inner filling

Grofe Charakt. Bruchkraft Grenzzugkraft Metall. Querschnitt Gewicht Konstruktion Seil-Nenndurchmesser
size charact. breaking load limit tension metallic cross section weight construction nomin. strand dia.
ZB,k DIN 18800* Zp 4 DIN 18800 ca./approx. ca./approx. dg
kN kN mm? kg/m mm
PG5 59 36 39 0,3 1x19 8,1
PG 10 93 56 60 0,5 1x19 10,1
PG 15 134 81 87 0,7 1x19 12,2
PG 20 181 109 117 0,9 1x37 14,1
PG 25 260 158 168 1,3 1x37 17,0
PG 40 367 222 237 1,9 1x37 20,1
PG 55 537 326 347 2,7 1x37 24,4
PG 75 722 438 467 3,7 1x37 28,3
PG 90 884 536 572 45 1x61 31,3
PG 125 1189 721 769 6,1 1x61 36,3

*nach EC 3 = Fy; \c und nach ASCE 19-96 = Sy
Konstruktionséndérungen vorbehalten
GroBere Abmessungen und ZwischengroBen auf Anfrage

1/2007

*according EC 3 = F,; \ and according ASCE 19-96 = Sy
Subject to technical modification
Bigger dimensions and intermediate dimensions upon request

Datenblatter
Data Sheets



Datenblatter
Data Sheets

Seilbau " Cable Structures

Vollverschlossenes Seil — GALFAN
Full Locked Cable — GALFAN

Zulassungsnummer
Approval-Number
Z-14.7-413

PV

CG59Y
£, 00
s

Technische Daten Technical Data
Material: Material:
unlegierter Qualitatsstahl unalloyed quality steel
Elastizitdtsmodul: Modulus of Elasticity:
160 = 10 kN/mm? 160 + 10 kN/mm?
Toleranz dg: Tolerance d:
+ 3% + 3%
Korrosionsschutz: Corrosion Protection:
innere Lagen: feuerverzinkt inner layers: hot dip galvanized
mit Innenverfiillung with inner filling
duBere Lagen: GALFAN verzinkt outer layers: GALFAN coated
ohne Innenverfiillung without inner filling
Grofe Charakt. Bruchkraft Grenzzugkraft Metall. Querschnitt Gewicht Konstruktion Seil-Nenndurchmesser
size charact. breaking load limit tension metallic cross section weight construction nomin. strand dia.
ZB,k DIN 18800* ZR,d DIN 18800 ca./approx. ca./approx. *x dg
kN kN mm? kg/m mm
PV 40 405 245 281 2,4 VVS-1 21
PV 60 621 376 430 3,6 VVS-1 26
PV 90 916 555 634 53 VVS-2 31
PV 115 1170 709 808 6,8 VVS-2 85
PV 150 1520 921 1060 8,9 VWS-2 40
PV 195 1930 1170 1340 11,2 VVS-2 45
PV 240 2380 1442 1650 13,8 VVS-2 50
PV 300 3020 1830 2090 17,2 VVS-3 55
PV 360 3590 2176 2490 20,5 VVS-3 60
PV 420 4220 2558 2920 241 VVS-3 65
PV 490 4890 2964 3390 27,9 VWS-3 70
PV 560 5620 3406 3890 321 VVS-3 75
PV 640 6390 3873 4420 36,4 VVS-3 80
PV 720 7210 4370 4990 411 VVS-3 85
PV 810 8090 4903 5600 46,2 VVS-3 90
PV 910 9110 5521 6310 52,0 VVS-3 95
PV 1010 10100 6121 6990 57,6 VVS-3 100
PV 1110 11100 6727 7710 63,5 VVS-3 105
PV 1220 12200 7394 8460 69,7 VVS-3 110
PV 1340 13400 8121 9240 76,2 VVS-3 115
PV 1450 14500 8788 10100 83,2 VVS-3 120
PV 1580 15800 9576 10900 89,8 VVS-3 125
PV 1730 17300 10485 11900 96,7 VWS-3 130
PV 1860 18600 11273 12900 104,8 VVS-3 135
PV 2000 20000 12121 13900 112,9 VVS-3 140

**\WS-1 = 1, WS-2 = 2, VWS-3 = 3 und mehr Lagen Profildrahte

*nach EC 3 = F;  und nach ASCE 19-96 = Sy

Unter Vorspannung und / oder Witterungseinfliissen ist der Austritt von Innenverfillung moglich.
Konstruktionsédnderungen vorbehalten

GroBere Abmessungen und ZwischengréBen auf Anfrage

**WVS-1 =1, WS-2 = 2, WS-3 = 3 and more layers z-profiled wires

*according EC 3 = Fy; y and according ASCE 19-96 = Sy

Due to prestressing and / or differing weather conditions inner filling may escape to the surface.
Subject to technical modifications

Bigger dimensions and intermediate dimensions upon request

1/2007
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1152.2
FR 700 MEHATOP F - type |

Technisches Datenblatt Nr.:

Produkt:
Artikel Nr.:

VALMEX®
7253 5244

Beschichtung und Ausriistung
Beschichtungsart PVC

Ausristung aussen PVDF Lack, innen 2x Acryl, mikrobiozid, UV-geschiitzt, low-wick

Brennverhalten BS 7837, California T 19, DIN 4102: B1, NFP 92507: M2

zu Brennverhalten stets Giiltigkeit der FR-Zulassung priifen

Gesamtgewicht 850 g/m? EN ISO 2286-2

Reifkraft Kette/Schuly 3000 /3000 N/50 mm DIN 53354, DIN EN ISO 1421/V1
WeiterreiRfestigkeit(1) 300/300 N DIN 53363

Kette/Schul

Haftfestigkeit (1) 20 N/cm LB 3.04-1 (Complan)
Kaltebestandigkeit -30 °C DIN 53361

Warmebestandigkeit +70 °C Complan-Richtlinie

Lichtechtheit >6 Note DIN 54004, DIN EN ISO 105 B02
Knickfestigkeit (1) keine Risse < 100000 x DIN 53359 A

Tragergewebe

Material PES DIN I1SO 2076

Fadenstérke 1100 dtex DIN ISO 2060

Bindung L1

Bemerkungen ohne Vorbehandlung nach gangigen Verfahren verschweiBBbar

Bei den technischen Daten handelt es sich um ca. Werte, die auf Basis von ermittelten Durchschnittswerten erstellt wurden. Aus
fertigungstechnischen Griinden sind geringfligige Abweichungen mdéglich. Diese technischen Angaben entsprechen dem heutigen Stand
der Kenntnisse und sollen Uber unsere Produkte ohne Rechtsverbindlichkeit informieren. Diese Daten gelten fir neue Ware.

QM-071/3-08/00 VL/LB:

EA/007-06/98 Datum 10.10.2006



1011.4
FR 900 MEHATOP F - type Il

Technisches Datenblatt Nr.:

Produkt:
Artikel Nr.:

VALMEX®
7211 HTL 5246

Beschichtung und Ausriistung
Beschichtungsart

Ausristung

PVC

beidseitig PVDF lackiert, mikrobiozid, UV-geschiitzt, low-wick

Brennverhalten

BS 7837, California T 19, DIN 4102: B1, NFP 92507: M2

zu Brennverhalten

stets Giiltigkeit der FR-Zulassung priifen

Gesamtgewicht 900 g/m? EN ISO 2286-2

Reifkraft Kette/Schuly 4200 /4000 N/50 mm DIN 53354, DIN EN ISO 1421/V1
WeiterreiRfestigkeit(1) 500/450 N DIN 53363

Kette/Schul

Haftfestigkeit (1) 25 N/cm LB 3.04-1 (Complan)
Kaltebestandigkeit -30 °C DIN 53361

Warmebestandigkeit +70 °C Complan-Richtlinie
Lichtdurchl&ssigkeit 12-15 % bei 550 nm

Lichtechtheit >6 Note DIN 54004, DIN EN ISO 105 B02
Knickfestigkeit (1) keine Risse < 100000 x DIN 53359 A

Tragergewebe

Material PES DIN ISO 2076

Fadenstarke 1100 dtex DIN ISO 2060

Bindung P 2/2

Bemerkungen ohne Vorbehandlung nach gangigen Verfahren verschweiBBbar

Bei den technischen Daten handelt es sich um ca. Werte, die auf Basis von ermittelten Durchschnittswerten erstellt wurden. Aus
fertigungstechnischen Griinden sind geringfligige Abweichungen mdéglich. Diese technischen Angaben entsprechen dem heutigen Stand
der Kenntnisse und sollen Uber unsere Produkte ohne Rechtsverbindlichkeit informieren. Diese Daten gelten fir neue Ware.

QM-071/3-08/00 VL/LB:

EA/007-06/98 Datum 10.10.2006



Technisches Datenblatt Nr.: 1018.2

Produkt: VALMEX® FR 1000 metallic - type llI
Artikel Nr.: 7269 5251

Beschichtung und Ausriistung

Beschichtungsart PVC

Ausristung aussen Metallic-Lack, Riickseite mit Acryllack, mikrobiozid, UV-geschiitzt
Brennverhalten BS 7837, California T 19, DIN 4102: B1

zu Brennverhalten stets Giiltigkeit der FR-Zulassung priifen

Gesamtgewicht 1050 g/m? EN ISO 2286-2

Reil3kraft Kette/Schufy

6000 / 5500 N/50 mm DIN 53354, DIN EN ISO 1421/V1

WeiterreiRfestigkeit(1) 900/800 N DIN 53363
Kette/Schul

Haftfestigkeit (1) 25 N/cm LB 3.04-1 (Complan)
Kaltebestandigkeit -30 °C DIN 53361
Warmebestandigkeit +70 °C Complan-Richtlinie

Lichtechtheit >6 Note DIN 54004, DIN EN ISO 105 B02
Knickfestigkeit (1) keine Risse < 100000 x DIN 53359 A

Tragergewebe

Material PES DIN I1SO 2076

Fadenstérke 1670 dtex DIN ISO 2060

Bindung P 2/2

Bemerkungen Metallic-Lacke konnen die VerschweiBbarkeit beeinflussen

Bei den technischen Daten handelt es sich um ca. Werte, die auf Basis von ermittelten Durchschnittswerten erstellt wurden. Aus
fertigungstechnischen Griinden sind geringfligige Abweichungen mdéglich. Diese technischen Angaben entsprechen dem heutigen Stand
der Kenntnisse und sollen Uber unsere Produkte ohne Rechtsverbindlichkeit informieren. Diese Daten gelten fir neue Ware.

QM-071/3-08/00 VL/LB:

EA/007-06/98 Datum 10.10.2006



Technisches Datenblatt Nr.: 1321.2

Produkt: VALMEX® FR 1400 MEHATOP F - type IV gold
Artikel Nr.: 7270 5251

Beschichtung und Ausriistung

Beschichtungsart PVC

Ausristung mikrobiozid, UV-geschiitzt, low-wick

zu Ausrustung Gold-Lack auf Vorderseite, Innenseite Acryl-Lack
Brennverhalten BS 7837, DIN 4102: B1

zu Brennverhalten stets Gilltigkeit der FR-Zulassung priifen
Gesamtgewicht 1350 g/m? EN ISO 2286-2

ReilRkraft Kette/Schufy

7500 /6500 N/50 mm DIN 53354, DIN EN ISO 1421/V1

Weiterreilfestigkeit(1)
Kette/Schul

1200 /1200 N DIN 53363

Haftfestigkeit (1)

25 N/cm LB 3.04-1 (Complan)

Kaltebestandigkeit -30 °C DIN 53361

Warmebestandigkeit +70 °C Complan-Richtlinie

Lichtechtheit >6 Note DIN 54004, DIN EN ISO 105 B02

Knickfestigkeit (1) keine Risse < 100000 x DIN 53359 A

Tragergewebe

Material PES DIN ISO 2076

Fadenstarke 1670 dtex DIN ISO 2060

Bindung P 3/3

Bemerkungen Metallic-Lacke konnen die VerschweiBbarkeit beeinflussen, Gold-Pigmente kénnen die

VerschweiBbarkeit beeintrachtigen. Empfehlungen kénnen angefragt werden.

Bei den technischen Daten handelt es sich um ca. Werte, die auf Basis von ermittelten Durchschnittswerten erstellt wurden. Aus

fertigungstechnischen Griinden sind geringfligige Abweichungen mdéglich. Diese technischen Angaben entsprechen dem heutigen Stand

der Kenntnisse und sollen Uber unsere Produkte ohne Rechtsverbindlichkeit informieren. Diese Daten gelten fir neue Ware.

QM-071/3-08/00
EA/007-06/98

VL/LB:

Datum 10.10.2006





