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STEPOO - IDEA

+ Setting up a framework

+ Surface from lines

+ Generate triangular polylines out of the surface

* Note triangle ordering sequence

+ Defining a component

+ Get a centroid of a triangle surface

+ Get a line following the normal direction

| + Move and scale the base triangle surface
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+ Get vertices out of two triangular surfaces

‘ + Draw 3 curves out of 3 sets of 4 points

+ Offset 3 curves

+ Move and scale the base triangular surface

+ Get vertices out of surfaces

+ Draw 3 curves out of 3 sets of 4 points
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+ Get vertices from two surfaces

+ Draw 3 curves out of 3 sets of 3 points

+ Draw 3 lines

+ Get points

+ Draw interpolation curves out of points
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STEP0O0_04

+ Sweep 2 rails to get 6 bottom surfaces

+ Loft 3 transitional surfaces

+ Sweep 2 rails to get 3 side surfaces

+ Component application onto framework
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+ Duplicate and flip triangular curves to make an

interlocking structure
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STEPO1 - FRAMEWORK (vb scripting)

Fle Edt Viev Amnge Solution Window Help unnamed”
ector |

G S G e e + Draw rhino curves

.lhi" FOVS XRTRBILY . .
hnoxu :ym« BEL  AAED AT ML + Connect the curves with a GH curve object and

@ [5-Q8Pb [KIZLO- then loft

a—oH

Adthmetics

iy | ¢ v 2 1l @ + A number slider for surface division
e alp | (9) [a] fxyzh
=

| + 2 one-variable function objects for both U and V
Lamoms: * For U, set 4*x
e ForV, set 2*x

Suucturals

Expression

Variables.

Erors

Fle Edt Vi Amnge Solution Window Help unnamed”

s Voo | Cue Suce  Vesh _sect o + Divide the lofted surface

@ [2-Q8Ph- KIS

le Bt View Amnge Solution Window Help
Params  Logic  Scalar [ Veclor | Cuve  Suface  Mesh

e ’ + VB script object with 3 input and 4 output tabs
BHME L, ¥R XIBILV antt it e . .
BRSERSESSLOELESAENNT | o asistofonadhoin

e [2-Q8Pb [ABUO- « ‘divU’ & ‘divV’ as integers
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@ mpored -

Class Grasshopper Custom_Scrips

+ Map 1dimensional linear point list onto 2 dimen-
A 1 list
sional lis

Sub RunScript (Byval prs As List(Of OnsdPoinc), ByVal divy As Integer, Byval

« ptsList = list of list of on3dpoint (2 dimentional
list, U & V)

* ptsRow = list of on3dpoint (1 dimentional list,
Dim pesRow As New List(Of On3dPoint) V direction)

Dim pt As New On3dPoinc (pes (n))

Dim o As Integer = 0

Dim prsList As New List(Of List(Of On3dPoint))

For 1 As Integer = 0 To divy

‘preRew. Add (pt)
nen+1

Next

pesLisc.add(prsRon)

Nexc

Toored

Class Grasshopper Custem Scrips

« 1dimensional list : (n)

« 2 dimensional list : (U)(V)

Sub RunScript(ByVal prs As List(Of On3dPoinc), ByVal divy As Integer, Byval

Dim n As Inceger = 0
Din prslisc As New List(Of List(Of Onsabeint))
For & As Integer = 0 To aivD
Dim posRow As New List(Of On3dPoint)
For 3 As Integer = 0 To diwV
Dim pt As New On3dPoint (pes (n))
psRow. Add (p5)
n=n+1
Nexs
ptelist.Add (preRe)

Nexc

+ Make point arrays

+ Make polylines with the point arrays

for 4 A Tnceqer - 0 T div = 4 Seep & + Set the polylines as output A
for 3 As Toveger = o fo divi = 2 355 2

S ———
‘ptsArr.Append (ptslist (1) (3))
Eeonce Append peatisc i (s 0y
‘prsArr.Append (ptslist (1) (3))
bin 51 2o New GuPolyiine prhes)
[ET——

A = pilinesr

+ Repeat for output B

Dim plliness As New List(Of OnPolyline)

For 1 As Integer = O To divl - 4 Step 4

For § As Integer = 0 To divV - 3 Step 2

Dim prskrr As New OnsdPointhrray
pushrr.Append (pesList (i +2) (3 + 1))
PusArr.Append (paList (i + 4) (3 + 2))
preArr. Append (pesList (i + 2) (3 + 3))
pusArr.Append (pesList (i + 2) (3 + 1))
Dim pl As New OnPolyline (prshrr)
piliness.hdd(pl)

Nexs

Next

5 = piliness

STEP01_02
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STEP01_03

Dim pllinesC As New List(Of OnPolyline)
For 1 As Integer = O To divl - 4 Step 4
For § As Integer = 0 To diwV - 3 Step 2
Dim ptskrr As New OnsdPointhrray
pushrr. Append (pesList (1) (3 + 2))
PusArz.Append (palist (i + 2) (3 + 1))
prsArr. Append (pesList (i + 2) (3 + 3))
pusArr.Append (pesList (3) (3 + 2))
Dim pl As New OnPolyline (prehrr)
pilinesC.Add(pl)
Nexc
Next

C = piLinesc

Dim plLinesD As New List (0f OnFolyline)
For 3 As Inveger = 0 To divU = 4 Step 4
For 3 As Inveger = 0 To divV - 2 Step 2

Din prshes As New On3dPointhrray
pushc.Append (pusList (i + 2) (5 + 1))
poshrr. Append (pralisc (i + 4) (3))
prsArr. Append (pesList(i + 4) (3 + 2))
pshzz. Append (pralist (: + 2) (3 + 1))
Dim pl As New OnPolyline (pesirr)

PlLinesD.Add (pl)

Next
ext

D = pilinesd

Fle Edt View Amnge Solution Window Help

Params

Scalar  Vector  Curve Mssh

+ Repeat for output C

+ Repeat for output D

+ Output : 4 sets of triangular polylines
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STEPO2 - COMPONENT

\A A A A A AAVA A A 1127 [ (L) ()

Sl -H-Ee [3-Q8PE[KEUS + To avoid data matching confliction, start with 2
triangular polylines instead of one

+ Connect rhino curves with GH curve object
+ Connect Graft Tree with GH curve object
* Note the different data structures

* By Grafting, every item is now in the same
hierarchy instead of being a member of 1 di-
mensional list, which will eventually give more
control on them

5] | @ ot porameter et colctdta 45 seconsago)

A A A A A AA A A4 (82 [ L) ) W

Slow -H-He [§-QBPE- | KB + Get centroids

(@ input prameter il o cllctdata 57 seconds ago)

A A A A A A A A A4 (82 [ L) ) W

Slon E-Ee [8-QB PR | KEUO + Draw lines using a Line SDL object

Sl E-Ee[2-QBPE|KEUO + To get normal vectors at each centroid, attach
SrfCP and EvalCrv object

* SrfCP is to get a surface uv point which is the
closest one from a certain point. Usually, the
point does not necessarily have to be on the
surface. However in our case, since the centroid
is on the surface itself, SrfCP object simply
converts the coordinate system of the centroid
from world into UV.

[ | @ nput porametes s faied to collect data © seconds 2go)
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Armange | sowuon | winoow  riep stepuz

Sub RunSoripe(ByVal x s Iist(Of Online)) Scalar  Vectr  Cuve  Suface  Mesh Intersect  XForm

Din maxTength As Double

Dim 1ine0l As New OnLine (x(0))
Dim 1ine02 As New OnLine (x(1))
Dim 1ine0S As New OnLine (x(2))

Dim disc01 As Double = lineol.Lengeh -He (8- Pk [KiZLO-
Dim dist02 As Double = line02.Length

Dim dist03 As Double = 1ine03.Length

If disc0l > disto2 Then
maxLength = distol
£1se
maxLength = disto2
Ena £

If dis503 > maxlengch Then
maxLengch = dist03

Else

maxLength = maxLength

aa e

A = maxLength

VENET on MSDN

o

¢sitdl o |
A A A A A A A A A4 182) [ L) ) W

B | 0w S-He (8- bk [KiZLe-

L

@ NoRuntime messages

Disconnect All
Disconnect ,
@ Faten
Set Number ,

Set mutple Numbers
Manage Number collection
Clearvalues.

Eract parameter

Expression VX
@ Hep. o7

@ Commit changes

@ Cancel changes

[ | @ st porameter et colctdota 40 secondsago)

A A A A A AA A A4 (2 ) L) ) W

Slow -H-He [§-QBPE- | KB

No Runtime meszages

Disconnect All

Discomnect
@ Fien

Set Number D

Set mutple Nurbers @ Commitchanges

Manage Number collection | &y Capcel
Clear values
Btract parameter

Expression »

Help...

Sle: H-He [5-Q8PE- | KT

[ | @®input perametes s feiled o collect data (39 seconds ago)

STEP02_02

+ Explode surfaces to get edge lengths

+ Convert edge curves into lines to use open nurbs
length method

+ Attach VB script object to get the longest edge
lengths

+ Line lengths (Height of the components) are to be
75% of the lengths of the longest edges

+ Evaluate(L=0.2) the lines to get reference points
for move

+ Move the base surfaces to the reference points
we’ve just got
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S -H-He [5-Q8PE- | KEL-

No Runtime mezsages
Disconnect All
Disconnect

Flatten

Set Number >

@

Expression 3

Set muliple Numbers
Manage Number colletion
Clear values.

Extract parameter

Help...

[ | @ nput porameter s oied o collectdata 7 seconds age)

A A A A A A A A A A =TTEEI) 4

|G -B-Ae[2-QBPE-[KIELO-

2 [FEm Vil wari o erar
icans will o be Included
i the fnal collection
@ |because they do not

& Misc
TypeDesciption 4 Boolean value
TypeName  Boolean
Valid True

 Properties

TypeDescription
Description of target data type

[ | @ tnput poramete S oied o collectcata (7 seconds ago)

A A A A A4 A A A A4 (82) L) ) W

Slw: -H-He [§8-QBPE-|RKELO-

] | @ nput porametes et colectdota 12 econdsag0)

| e L)

A A A A A AA A A4

S -H-He [8-Q8PE- | BIU

[ | @®input parameter V failed to collect data (5 seconds ago)

STEP02_03

+ Scale the surfaces by 0.2

+ Get vertices out of the scaled surfaces : explode
and then retrieve vertices using cull patterns (T-F-
F/F-T-F/F-F-T)

+ Repeat for the lower surfaces

+ Make 4 point curves with degree 3, not periodical

+ Connect point objects(parameter) to Crv object
following the order
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STEP02_04

A A A A A4 A A A A AN =TEEI) T4

Sl -H-He [5-Q8PE- | KIEL-

[ | @ oot porameter S oied o collectdata  seconds age)

A A A A A4 AAA A A AN =TI 4

S -H-He [5-Q8PE- | KL

[5] | @ nput porameter s oied o collectdata 7 seconds age)

Suw: -H-He [§-QBPE- | KT

] | @ nput porametes et to colectdta 45 econdsag0)

A A A A A4 A A A A AN STTHES) T4

Sl -H-He (5-Q8PE- | KELUO-

[} | @ input perametes s feiled o collect data (10 seconds ago)

+ Connect points to the Crv object
* Note the point connecting order

+ Fails to draw curves
« Note the different data structures

+ To make them have the identical data structure,
attach Graft tree objects as shown

+ Repeat for the other curves
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oo N—

[ | @®input perametes s feiled o collect data (19 seconds ago)

IVW‘Y'W"W AA A A4 (82) [ L) ) W

Sle -H-He [8-QBPE- | KB

(@ input parameter il o cllctdata 13 seconds ago)

I'IW‘Y'W"W AA A A4 12) [ L) ) W

Sle -H-He [5-QBPE- | KB

(@ input parameter il o cllctdata G seconds ago)

[ | @ nput parameter s et to colectdata 2 sconds ago)

STEP02_05

+ Attach offset objects to the curves

+ Offset distances are 10% of the longest edge
lengths

+ Set offset base planes

+ Repeat for the rest of curves

+ Bottom curves are done
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Sl HEe [1-Q8PE[REUS + To get side curves, move the base surfaces along
with center lines to the points at L=1, L=0.6, L=0.4
and L=0.2

(@ Input parameter S faile to cllectdata (0 seconds ago)

+ Set scale factors : 0.2/0.2/0.3/1.0

+ Explode the surfaces and retrieve vertices

+ Repeat for the rest of surfaces

[} | @ input perametes s feied to collect data (37 seconds ago)
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A A A A A4 A A A A4 (82 e L) ) W

Slom -H-Ee [3-QEPR [KEUO + Get curves through points

Slor H-Ee [3-QEPR[KEUO + Repeat for the other curves

+ Side curves are done

[ | @ ot porametes it colectdota 12 econdsago)

Slom -H-Ee [3-QEPR[KELO + To get the middle curves, move the base surfaces
to the points at L=0.4 and L=0.2

+ Set the scale factors : 0.3 / 1.0

+ Explode the lower surfaces and retrieve vertices

[ | @ input perametes s feiled o collect data (45 seconds ago)
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| VI < s =R L4 A e I Akl L

Sow: -H-He [$-Q8PE- | KELO- ®

[ | @ input perametes s feied to collect data (8 seconds 2go)

[] | @ input perametes s feiled to collect data (40 seconds ago)

|V R s B L MW LA QO | F &

-[2-QE PR | KIZL Q-

[}] | @ input perametes s feied to collect data (28 seconds ago)

[] | @®input porametes s feiled to collect data (23 seconds ago)

STEP02_08

+ Explode the upper surfaces and evaluate edges at
L=0.5 to get midpoints

+ Retrieve points

+ Make curves through 3 points with degree 2

+ Repeat for the other curves

+ Done with the middle curves
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MRS L4 A I ke s

S - Em-Ee 5-Q8bh | K50 + Get top curves

| @ nput parameter S faled to collect data (180 seconds ago)

=
A AR L4 A I ke ¥ e

Sl B R [2-Q8PE [ KEUO + Move the base surfaces at L=1.0 and scale down
by 0.2

[ | @ input perametes s feiled to collect data (13 seconds ago) =

V< J B e oA A N e L]

Yo HEe 3 GSPb [REIO + Retrieve edges

+ Top curves are done

[ | @®input perametes s feiled to collect data (34 seconds ago) =

vy rBER oL I L S RS E R R Y e

T ERERCUILT AU S + Now, we need some more curves to build bottom
surfaces

+ First, we need curves shown in the figure. To avoid
confusion, extract those curves using receiver
objects

[] | @ input perametes s feiled to collect data (14 seconds ago)

STEP02_09 WWW.WO0O0JSUNG.COM



MR L4 A I ke s

Slom -H-Ee [3-QEPR[KEIO + Second, we need center points shown in the
figure, so get it from eval object from the previous
step

[5] | @ tnput porameter Soied to collec dota (5 seconds age)

AA A A A A4 ATAVA A AN 11 [ L) () W

S - E-Ee[2-QBPE|KEUO + Also, we need the base surfaces to get vertices out

‘ of them

[5] | @ tnput poramete Soied to collec dota ( seconds age)

\A A A A A ATAVA A A (1) [ L) () W&

S - E-Ee [8-Q8 PR | KEUe + Align them to make it clear

Sl B Ee 2-Qebb | KEUO + Get mid points out of curves(L=0.5)

Input parameter S faled to collect data (17 seconds ago)
put pa
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HO™ g a=ua R . L ) @ BBl

S - E-Ee[8-Q8PE|KEUO + Get vertices out of the base surfaces

Slo -H-Ee[3-QPE KBS0 + Make interpolate curves through 3 points

+ Not working

[ | @ msuticint veices o a curve 29 seconds age)

A A A A A A A A A4 182) (L) ) W

Slom -H-Ee [3-QEPE [KEUO - + Compare data structures

AT W OE NP A S TR JX X || DO NS e Y

Yl -E-me-(3-B8PN- (8BS 9 + To make them have identical data structure, at-
3 tach some Graft tree objects to the corresponding
points

| (@ input parameter S faled to collect data (20 seconds ago)
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STEP02_12

| @ input parameter S faled to collect data (27 seconds ago)

TEEe [:-Q8Ph [KIXUO-

[ | @ input parametes t ailed to collect data (10 seconds ago)

+ Complete interpolate curves

+ Split curves using shatter object

» Note how to get t values

+ Repeat shattering

+ Shatter the interpolate curves
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L4 “l'iU!AlE e s

QBPE [KIZLO OH

[ | @ input porametes s faied to collect data (10 seconds ago)

vy J PR L A R I ksl [

S| o -[8-QE@ PR [ KIZLO-

[ | @ input porametes s faied to collect data © seconds 2go)

Vy RS BB oA I RO ER ok O ]

- [8-Q8 P B [KELO- )
=lu}
@
ﬁ | @ input parameter S failed to collect data (80 seconds ago) ‘

STEP02_13

+ Get t values using CrvCP object

* CrvCP is basically same with SrfCp, but it works
on curves

+ Repeat shattering

+ Done with curve works

+ Now we are ready to make surfaces
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A A A A MY AYA A A4 82 ) LY () &

Yo - Ee 3QEPN [AEUO

@ swp2s Brep)
|Resulting BRep.

T

O

[] | @ input paremeter s ailed to collect data (37 seconds ago)

)

RN @ LFar BI0S /D ITREGS P%E
FfEesr,r2n |(rrd CPOBLEADAFE FrS

Sl DA [3-Q8bk [RIELO-

STEP02_14

+ Get bottom surfaces with sweep 2 rails

* Note the curve input order

+ Nothing happened

+ Input data structure looks fine

+ To check out the direction of rail curves, bake

them and check their directions

+ The rail curves are running in the wrong directions
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Qg @ =< WA e T W@l 26y @ =

+ Flip rail curves

+ Repeat sweep 2 rails

+ Get middle surfaces by lofting

+ Repeat lofting
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e ] WA T W@l 26y @ =8

Y= e [5Q8PR [KELO + Get side surfaces using sweep 2 rails

FEEe (-G8 P KU + Profile curves are not running in the same direc-
tion
cBs
"H-Ee -G8 PR [KBUS + Bake profile curves to check out their directions

Bake selected objects

+ Flip top curves

S | @ et porameter s et coect o 3 seconds a0
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VFe s, 723 | J¥F |CPOSLEADAR FH#S

Sl - E-We [3-88PR [RIZLO + Done with the components

|| @ it prameter et collect dota (5 sconds 390
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STEPO3 - COMPONENT APPLICATION
+ Connect the components and the framework(A

Wi Help.

Edt View Amange Solution
Logie [ Scalar | Vectar

R WO Sum CEh Em - fwEm
€ e T UM HE mae o £ ac nl o | msmm oo | Ay
@ 0|15 TR § o oo oeo oot wn P | o e e ’ and B only)

TE-He [1-Q8PE (KO-

s

+ Offset the loft surface (base surface for the

Window  Help.
ot XForm

Fie Edt View Amnge Solution
Surfa

“Params | Logc  Sedlar  Vestr  Curve

0OPROOW 0EVO
QOO0 OUeLe

Gl -H-Fe [3-Q8PE-[RIXLO-

framework)

+ Flip triangular polylines (C and D only) and con-
nect them to the component to make an interlock-

fon  Window  Help.

s Logic alar  Vector [ Curve | Suface  Mesh ltersect  XFom
®9»rwzvv{sf5r BJ0¢ /0 ITRABS S P46
0FE,7BR | F¥yd OHOBLENDAR |F#
T me 3 Q8Ph AESO s ing structure system

WWW.WOO0JSUNG.COM
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STEPO4 - SYSTEM MODIFICATION

+ Draw some curves you want

T D e D - + Set those curves as multiple input

Params  Logic  Scalar  Vector [ Cuve | Suface  Mesh Intersect  XForm

Slex -HD-He (8-Q8PB- [ RIZTLO-

Preview

No Runtime messages
al

Disconnect

Flatten

Setone Curve.

Set multiple Curves

Manage Curve collection

Clear values
Exract parameter
Reparameterize

@ Hep.
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