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EXERCISE 0

Install Rhino 3D WIP

. Install Rhino the Rhino3D for Mac Testversion first (valid for 90 days)
https:/www.rhino3d.com/download/rhino-for-mac/5/evaluation

2. Then download and install Rhino3D WIP - as this version includes Grasshopper.

https:/www.rhino3d.com/download/rhino-for-mac/5/wip
The WIP version requires a valid license, therefore you need to install the

Testversion first.



https://www.rhino3d.com/download/rhino-for-mac/5/evaluation
https://www.rhino3d.com/download/rhino-for-mac/5/wip

Rhino 3D Interface



Rhino 3D
Interface - Viewports
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Rhino 3D
Interface - Toolbar

L

Rasterfang

Orthao

+ [

Dauerhaft
Einmalig
Ende

Nachst
Punkt

§ Mittelpunkt

Zentrum

§ Schnitt
§ Rechtwinklig

Tangent
Quadrant

Knoten

§ Scheitelpunkt

— Display mode set to "Shaded".

Planar

Perspektive

Rechts

Ohne Titel —

Standard

Linientyp

Conti...
Conti...
Conti...
Conti...
Conti...

Conti...

[([NEEEN
ceeeceece

<2 O O O <O D

02 2 2 2 2

-+ * v
O 0@ Il

Command: _TCone
Command: _TCone
Undoing TCone

Command: _TCone

Command: '_SetDisplayMode

Select a display mode ( Viewport=Active
Mode=Wireframe )"_Shaded"

Display mode set to "Shaded".

Millimeters Konstruktionsebene X:-5.931 Y:172.791 Z:0.000

w |

o

<2 2> 3 O <O O




Rhino 3D
Interface - Object Snap
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Rhino 3D
Interface - Layers
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What are Nurbs?



What are Nurbs
Definition

Non-uniform rational basis spline (NURBS) is a
mathematical model commonly used in computer
graphics for generating and representing curves and
surfaces. It offers great flexibility and precision for
handling both analytic (surfaces defined by common
mathematical formulae) and modeled shapes. NURBS
are commonly used in computer-aided design (CAD),
manufacturing (CAM), and engineering (CAE) and are
part of numerous industry wide standards, such

as IGES, STEP, ACIS, and PHIGS. NURBS tools are also
found In various 3D modeling and animation software

packages.
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https://en.wikipedia.org/wiki/Non-uniform_rational_B-spline

Rhino 3D
Nurbs vs. Polygons/Meshes
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Rhino 3D

Nurbs vs. Polygons/Meshes
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Create and Edit 2D Geometry



EXERCISEO1

2D & 3D Creation and Editing

Y
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create & edit 2D: T
|' . » 2.00
_line, _circle, _curve, _arc
B

_move / _mirror/ _trim/ _extend
_EditPtOn

Use Osnap / Objektfang
Use Gridsnap / Rasterfang

create & edit 3D:

_ExtrudeCrv
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EXERCISE02
Circles and Arcs

create & edit 2D:

_line, _circle, curve, _arc
_move / _mirror/ _trim/ _extend
_EditPtOn

Use Osnap / Objektfang
Use Gridsnap / Rasterfang

create & edit 3D:

_ExtrudeCrv

Arc: Center, Start, End—"

Arc: Start, End, Direction— ~Arc: Start, End, Radius

/
!

R2.00—.

A-R2.00

~R6.00 ©92.00—-
—~R3.00 @

_~—R2.00

!
T

—Arc: TTR By Arc
- Extend Curve:
| 2.00 re 7.00 »l By Arc to a Point

- Extend Curve:
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Create and Edit 3D Geometry



EXERCISEO3
Modelling with Gumball

Gumball Commands: =

move: arrow handles /

scale: square handles
rotate: circle segment haneles
extrude: click arrow handle > drag > press command&shift

sele ubsurface: command&shift + selecting surface or edge
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EXERCISEO3
Create Solids
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One shot

End
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@ Box

@ Cylinder

@ Sphere

& Sphere: Diameter
@ Ellipsoid

@ Ellipsoid: by diameter
@ Ellipsoid: from foci
@ Paraboloid

& Cone

@ Truncated cone

& Pyramid

& Truncated pyramid
@ Tube

@ Torus

& Pipe: Flat caps

& Pipe: Round caps

@ Extrude closed planar curve

™ Extrude Solid

=
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© rersistent
~ One shot
End
~ Near
~ Point
Midpoint
Center
Intersection
Perpendicular
~ Tangent
Quadrant
~ Knot
Vertex
On curve
On surface
On polysurfac
On mesh
 Project
SmartTrack

Disable all

& Boolean union

@& Boolean difference

& Boolean intersection

& Boolean split

& Boolean 2 objects

@ Create solid

@ Shell polysurface

(8 Cap planar holes

5 Extract surface

@ Merge two coplanar faces
@ Merge all coplanar faces
%4 Unjoin edge

@ Variable radius fillet

@ Variable radius blend

@ Variable radius chamfer
< Wire cut

{» Move face

f» Move untrimmed face
(s Move face to a boundary
@ Extrude face

@ Extrude face along path
€1 Extrude face to a boundary
# Solid points on

@ Move Edge

@ Move untrimmed edge
S Split planar face

& Fold planar faces

& Round hole

S Make hole

S Place hole

@ Revolved hole

& Move hole

& Copy hole

& Rotate hole

(& Array hole polar

B Array hole

& Delete hole




EXERCISE04
CV Curve Creation and Editing

_curve
_move / _mirror/ _trim/ _extend
_EditPtOn

Use Osnap / Objektfang
Use Gridsnap / Rasterfang

Use gumball to to edit and move points
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EXERCISE04
CV Curve Creation and Editing

_curve
_move / _mirror/ _trim/ _extend
_EditPtOn

Use Osnap / Objektfang
Use Gridsnap / Rasterfang

Use gumball to to edit and move points

22



EXERCISEO5
Create Surfaces - Loft

| oft > normal
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EXERCISEO5
Create Surfaces - Loft

Loft > straight sections

24
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Overview

Grasshopper

Grasshopper is a visual programming language and environment developed by David
Rutten at Robert McNeel & Associates, that runs within the Rhinoceros 3D computer-
aided design (CAD) application. The first version of Grasshopper was released In

September 2007, and titled Explicit History. Grasshopper has become part of the standard
Rhino toolset in Rhino 6.0 and later.

- Grasshopper is primarily used to build generative algorithms, such as for generative art.
Many of Grasshopper's components create 3D geometry.

- Advanced uses of Grasshopper include parametric modelling for structural engineering,
parametric modelling for architecture and fabrication, lighting performance analysis for
eco-friendly architecture and building energy consumption.

Grasshopper is "The new Grasshopper environment provides an intuitive way to explore
designs without having to learn to script.” (AEC Magazine)
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Overview

Component Panels (Container System)

N

® O Grasshopper - No document...

Params\ Maths Sets Vector Curve Surface Mesh Intersect Transform Display Kangaroo2 Kangaroo
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Either drag a new component onto the canvas,
double click the canvas to create a new component
or open an existing document via the menu or the tiles.
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Overview

Component Panels (Container System)
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Overview

Component Panels (Container System)

Params | Maths Sets Vector Curve Surface Mesh Intersect Transform Display Kangaroo2 Kangaroo
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Plane Q Rectangle
Box @ Brep
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Geometry Cache @ Geometry
Group G Transform
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Overview

Component Panels (Container System)

® O Grasshopper - No document...
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Overview

Component Panels (Container System)

Grasshopper - No document...
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Overview

Component Panels (Container System)

® O Grasshopper - No document...

Params Maths Sets VeCtO"WCurve Surface Mesh Intersect Transform Display Kangaroo2 Kangaroo

& & PO B H RS aﬂ NI AE:

This tab contains 5 panels and 70 components
= 100% i ro
dl L d

<+

éD B8 T8 ‘

Either drag a new component ontoj ! _’ KZ D 6 & @

double click the canvas to create a n|

or open an existing document via the % XIZ \tﬂi ﬁ £’_j ok '20 ﬁ
@ vty A 1t P




Overview

Component Panels (Container System)

Grasshopper - No document...
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Overview

Component Panels (Container System)

Grasshopper - No document...

Params Maths Sets Vector Curve SUffaCa Mesh Intersect Transform Display Kangaroo2 Kangaroo
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Overview

Component Panels (Container System)

Grasshopper - No document...

Params Maths Sets Vector Curve Surface '[' Mesh\ Intersect Transform Display Kangaroo2 Kangaroo
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Either drag a new component onto the canvas,
double click the canvas to create a new component
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Overview

Component Panels (Container System)

® O Grasshopper - No document...
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Overview

Component Panels (Container System)

® O Grasshopper - No document...
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Overview

Component Panels (Container System)

® O Grasshopper - No document...

Params Maths Sets Vector Curve Surface Mesh Intersect Transform Display\ Kangaroo2 Kangaroo

<® Display
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Overview

Component Panels (Container System)

You can also find components by name, by double-clicking anywhere on the canvas;
launching a pop-up search box. Type in the name of the component you are looking for
and you will see a list of parameters or components that match your request.

Params | Maths Sets Vector Curve Surface Mesh Intersect Transform Display Kangaroo2 Kangaroo
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Either drag a new component onto the canvas,
double click the canvas to create a new component
or open an existing document via the menu or the tiles.

Enter a search keyword... R

6 Point
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Overview

Component Panels (Container System)

- The program gets created by dragging components onto a canvas. The outputs to these
components are then connected to the inputs of subsequent components.
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Overview

Component Panels (Container System)
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Overview

Component Panels (Container System)

Parameters contain data, meaning that they store stuff.

Components contain actions, meaning that they do stuff.
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Overview

Component Panels (Container System)

When you hover your mouse over the individual parts of a Component object, you'll see
different tooltips that indicate the particular type of the (sub)object currently under the

mouse. Tooltips are quite informative since they tell you both the type and the data of
individual parameters:

— Div.P (Point)

— Div.C (Curve) D
2] &) O ClCune 3 (=
Curve to divide - Division points
Local Curve list (1 values) Local Point list (ll wvalues)
s TN \ / (=2_.1137€,10.388307, 0)
‘ / (-5.036074,5.015571, 0)
- | (-7.447205, €.91325, 0)
E!!I;;j‘[hVJVﬂbnegeni l | (= - it el
L] I | (= — Div.t (Double)
—_— 3 ]
Number of segments ~y (; -
\ :s Parameter values at division points
Local Integer list (1l values) 1 (8 =
10 : oca e list val
ypt L 1l Double 1li (11 1
- 0.088025%5
— ‘Iq
@"L Liv. K (Boolean) 0 24334
0.558583
Split segments at kinks 0.8€1135
—_—. 1.1e784
I— . 1.5182¢c4
Local Boolean list (1 walues) | 1 as1e21




Overview

Component Panels (Container System)

All objects on the Canvas have their own context
menus that expose most of the features for that
particular component.

Right click on the Parameter or Component indicates
those features:

Or Blank space button shows
the same features in
symbols:

— -

-

v g Preview
v |l Enabled
& Bake...

! Runtime warnings

Wire Display
Reverse
Flatten
Graft

[¥] Simplify
(%] Expression

Set one Point
Set Multiple Points
Manage Point collection

Extract parameter

& Help...

>

>
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Exercise |

BoxMorph
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Exercise |

BoxMorph

1. Parameter Points: Parameter wants to store stuff - still empty

— 1 1
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Exercise |

Vector‘_frCUl’VE\“\Surfacc Mesh Intersect Transform Display Kangaroo2 Kangaroo
BoxMorph s 8/ 4 80 0TITOAANY
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Circle Circle 3Pt
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Exercise |

Params Maths Sets Vector Curve Surface ] Mesh Intersect Transform Display KangarooZ2 Kangaroo
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Exercise |

BoxMorph

Params | Maths ector Curve Surface Mesh Intersect Transform Display Kangaroo2 Kangaroo
(X~ 00@9@0 Q0 0006 k) Ne@s Bl:] ﬂl
Input
a) ————
B H v v R e ¥ 3 Number Slider Panel Qo
g Boolean Toggle Button
@ Control Knob Digit Scroller
MD Slider Value List
Calendar Clock

Colour Picker

Colour Wheel

Graph Mapper

Atom Data
Import

Import PDB

GiEE @RS Mem [z

Read File

Colour Swatch
Gradient

Image Sampler

Import 3DM
Import Image

Import SHP

Maths | Sets

- t"

+ 0
N
-

reh B BEST P M

<« <

& Lo

Construct Domain L 5 @

Deconstruct

Bounds
Caonsecutive
Divide Domain
Find Domain
Includes

Remap Numbers

Construct Domain?

Construct Domain?

Deconstruct

Deconstruct

Bounds 2D

Divide Domain?

Params Vector Curve Surface Mesh Intersect Transform Display Kai
(o1 min = [~ = [ — = (
[| 3=t 0 ot 1 & [ [+) B4l [%) (-] -i lziz] v | ) (27 f:l

Polynomials

50



Exercise |

BoxMorph

Slider:

0 Slider:
Properties y m Em—
N .
e Slider type [+
Expression
= A& it
— ]
CGrip Style  shape & Text wa
Edit Snapping...
| Slider accuracy Values >
v

Rounding R N E O Expression >

- R = Real Numbers (reelle Zahlen)
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Exercise |

Surface ] Mesh Intersect Transform Display Kangarno2 Kangaroo

BoxMorph APy 1Y WAL

Creating SubSrf/Isotrim: | _

Surface

You can scale each resulting cell about

Copy Trim

Isotrim

it's center in relation to the overall surface.

Retrim

Untrim

BdFe

Brep Join

Cap Holes
Cap Hales Ex |

Merge Faces

&msﬂ|

Flip
Offset

Offset Loase

D& O R
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w
~
B O

50

5¢

52



Exercise |

BoxMorph
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’|'Transform [Display Kangaroo2 Kangaroo
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0.80

Blend Box % Box Morph

Surface Box Twisted Box

Bend De Create a twisted box on a surface patch.

Maelstrom Z}; Mirrar Curve
Mirror Surface @ Splop

Sporph m Stretch
Surface Morph w Taper

Twist

Map to Surface 3; Point Deform
Spatial Deform ¢Q Spatial Deform
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Exercise |

BoxMorph - Main Part

The Bounding Box is a reference Brep for the BoxMorph component. The Bounding Box
creates a reference of the geometry that you wish to morph. i.e. the corners of that BBox
will be mapped to the corners of the Target Boxes. Any Geometry within that BBox will

then be mapped relative to the space of that box.

Surface | Mesh Intersect Transform Display Kangaroo2 Kangaroo

b da RBRER 4 GRG0 H
You can still change your base surface, pattern ———
geometry, and the U and V subdivisions (sliders) to ¢ @)  PleneSuriace

control any number of panels on a surface.

@g Plane Through

Bounding Box

Box 2Pt
Box Rectangle
Center Box

Domain Box

Cone
Cylinder
Sphere
Sphere 4Pt

QO0De RADW®

Sphere Fit
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Exercise |

Transform | Display KangarooZ Kangaroo

BoxMorph - Main Part ' , =—
oxiiorph - Wain ra T L3k ©X 3 VAT K EICY
BoxMorph sorts the geometry to each :
- - Blend B Box Marph
containing box, so we can stretch and distort A PlenBer & Boxhor
s ] ? Surface Box B Twisted Box
geometry In a very precise way.
] '-""3 Bend Deform W Flow
The difference between Box Morph and Surface ), Maslstrom B Mirror Cure
|V|0rph iS that d bOX morph Only takes the 8 Mirror Surface @ Splop
corners into account. It assumes a linear Sporph =) Stretch
deformation between the corners. The Surface ¢ Surface Marph [\ Taper
Morph component on the other hand actually e
pays attention to the surface curvature in AEDDSUEES 4~  Point Deform
Spatial Deform ,ﬂ Spatial Deform




Exercise |

f’ Surface W Mesh Intersect Transform Display Kangarco2 Kangaroo

m.dg\w.wm @ﬁa-aolﬁﬁ

BoxMorph - Main Part

A Sphere is a definition to populate a surface.

u
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Exercise |

BoxMorph - Main Part

Intersect | Transform Display Kangaroo2 Kangaroo

* R @ QB

Hy Perf@P &85 @QVIIHO

|@%&”%@'€b®€bl

Boundary Volume
Solid Difference
Solid Intersection
Solid Union

Split Brep

Trim Solid

Region Difference
Region Intersection

Region Unian

Mesh Difference
Mesh Intersection
Mesh Split

Mesh Union

Box Slits

Region Slits

\

Params Maths Sets Vector Curve Surface Mesh Intersect | Transform |

Camera Obscura
Scale

Scale NU

Shear

Shear Angle

Box Mapping
Orient Direction
Project

Project Along
Rectangle Mapping

Triangle Mapping

RS FPREFS FERD S

POl H2IF /S NE AN S

@
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Exercise |

BoxMorph - Main Part

... that' s how your components should look
like.
Now we add a Slider to the Scale.

SN/

- 0 O

Marph l

o

8

01.5
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Exercise |

BoxMorph - Main Part

Finally we connect all the
components with each other ...

Per Object

| ©01.2
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Exercise |

BoxMorph - Finish - play with Sliders, Gumball and X, Y, Z Coordinates
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Bits & Atoms: Computer Aided Design

6.11.2017

Parametric
Design with
Grasshopper
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Modelling
Bosendorfer GT




Ubersicht
smartskull

BRIGHTNESS SENSOR N

ACCELEROMETER

LED FRONTLIGHT &~

VIBRATING INDICATOR ||
FEEDBACKE

L INDICATING

BACKLIGHT
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Ubersicht
Kaputt.R
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